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REFERENCE SIGNAL TRANSMISSION 
METHOD AND APPARATUS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of International 
Application No. PCT / CN2019 / 116878 , filed on Nov. 8 , 
2019 , the disclosure of which is hereby incorporated by 
reference in its entirety . 

density K of a target reference signal based on a quantity 
MRB of frequency domain resources ; determine , based on 
the frequency domain density K , a third frequency domain 
resource that carries the target reference signal in the first 
frequency domain resource and a fourth frequency domain 
resource that carries the target reference signal in the second 
frequency domain resource . The first frequency domain 
resource is associated with a first QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . The receive end may receive , by 
using the first QCL assumption , the target reference signal 
carried on the third frequency domain resource , and / or 
receive , by using the second QCL assumption , the target 
reference signal carried on the fourth frequency domain 

TECHNICAL FIELD 

[ 0002 ] This application relates to the field of communica 
tion technologies , and in particular , to a reference signal 
transmission method and an apparatus . resource . 

BACKGROUND 
RB : 

a 

[ 0003 ] To increase a capacity of a communication system , 
a next - generation 5G communication system is shifting to a 
higher millimeter wave frequency . However , because fre 
quency oscillators of a transmitter and a receiver are mis 
matched , a millimeter wave device is severely affected by 
phase noise . For an adverse effect caused by the phase noise , 
the next - generation 5G communication system may use a 
phase tracking reference signal ( PTRS ) to perform channel 
estimation to estimate the effect of the phase noise on a 
signal and partially compensates for signal distortion caused 
by the phase noise . The PTRS is mapped only to a time 
frequency resource occupied by a physical downlink shared 
channel ( PDSCH ) , and is mapped by using a specific time 
domain density and a specific frequency domain density . 
[ 0004 ] In a multipoint coordination transmission scenario , 
a plurality of stations may support transmission of a same 
PDSCH , and transmission paths of various stations vary 
greatly . Therefore , different QCL assumptions are used for 
data and reference signals such as DMRSs transmitted by 
various stations . The QCL assumption is used to indicate a 
large - scale parameter used for channel estimation , and fur 
ther , the large - scale parameter is used to receive a reference 
signal such as a PTRS or a DMRS , to perform channel 
estimation . Correspondingly , because time - frequency 
resources occupied by different stations to transmit a same 
PDSCH may also be different , total time domain resources 
for scheduling the PDSCH may respectively correspond to 
at least two QCL assumptions . 
[ 0005 ] However , if in this scenario , a time domain density 
and a frequency domain density used for the PTRS are still 
determined by using a mechanism similar to that used in a 
single - station scenario , that is , determined based on total 
frequency domain resources ( namely , scheduled time - fre 
quency resources ) occupied by the PDSCH , PTRSs corre 
sponding to various QCL assumptions are sparsely distrib 
uted , resulting in inaccurate phase estimation and poor 
transmission performance . 

a 

[ 0008 ] A quantity MRB of frequency domain resources is 
greater than zero and less than NRb , and NRB is a quantity of 
scheduled frequency domain resources . 
[ 0009 ] It can be learned that the frequency domain density 
K determined by using MRB in the reference signal trans 
mission method is small . Because the frequency domain 
density K means that a target reference signal is mapped 
once at an interval of K frequency domain resource blocks , 
smaller K indicates a denser target reference signal carried 
on a frequency domain resource . In this way , accuracy of 
channel estimation can be improved . 
[ 0010 ] A target reference signal port corresponding to the 
target reference signal carried on the third frequency domain 
resource is associated with a DMRS port corresponding to a 
demodulation reference signal DMRS carried on the first 
frequency domain resource , and a target reference signal 
port corresponding to the target reference signal carried on 
the fourth frequency domain resource is associated with a 
DMRS port corresponding to a DMRS carried on the second 
frequency domain resource . 
[ 0011 ] The target reference signal port is associated with 
the DMRS port , and the target reference signal correspond 
ing to the target reference signal port may be measured 
based on the DMRS corresponding to the DMRS port , to 
obtain a QCL assumption and further receive a PTRS by 
using the QCL assumption . Channel estimation is performed 
by using the target reference signal , and the DMRS corre 
sponding to the DMRS port is received by using a channel 
estimation result and the QCL assumption . Alternatively , the 
receive end may further assist channel estimation of the 
DMRS by using a channel estimation result of the target 
reference signal corresponding to the target reference signal 
port . 
[ 0012 ] In an optional implementation , MRB is equal to 
dividing NRB by Nocl and performing a ceiling operation , or 
is equal to dividing NRB by Neck and performing a floor 
operation , and Noc is a total quantity of QCL assumptions 
associated with the scheduled frequency domain resources . 
The total quantity is a quantity of TCI states or QCL 
assumptions indicated by a TCI field in DCI . 
[ 0013 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 
[ 0014 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 

a OCL 

SUMMARY 

[ 0006 ] This application provides a reference signal trans 
mission method and an apparatus , to improve accuracy of 
channel estimation . 
[ 0007 ] According to a first aspect , this application pro 
vides a reference signal transmission method . In the method , 
scheduled frequency domain resources include a first fre 
quency domain resource and a second frequency domain 
resource . A receive end may determine a frequency domain 

type D. 
[ 0015 ) Optionally , Ngc? is 2 . 
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[ 0016 ] Optionally , Noc is a quantity of TCI states indi 
cated by a TCI field in DCI . 
[ 0017 ] Optionally , Noc is a quantity of TCI states indi 
cated by a TCI field configured by using RRC signaling . 
[ 0018 ] Optionally , Mro is equal to dividing Nro by Nocl 
[ 0019 ] In another optional implementation , MRB is equal 
to a quantity of first frequency domain resources , or is equal 
to a quantity of second frequency domain resources . In other 
words , MRB is equal to a quantity of RBs of a frequency 
domain resource associated with one QCL assumption in all 
RBs occupied by a scheduled PDSCH . 
[ 0020 ] In an optional implementation , the determining , 
based on the frequency domain density K , a third frequency 
domain resource that carries the target reference signal in the 
first frequency domain resource and a fourth frequency 
domain resource that carries the target reference signal in the 
second frequency domain resource includes : mapping the 
target reference signal once starting from a reference fre 
quency domain resource block in the scheduled frequency 
domain resources at an interval of K frequency domain 
resource blocks , to obtain frequency domain resource blocks 
that carry the target reference signal ; and selecting one or 
more frequency domain resource blocks belonging to the 
first frequency domain resource as the third frequency 
domain resource from the frequency domain resource blocks 
that carry the target reference signal ; and / or selecting one or 
more frequency domain resource blocks belonging to the 
second frequency domain resource as the fourth frequency 
domain resource from the frequency domain resource blocks 
that carry the target reference signal . 
[ 0021 ] In an implementation , “ mapping the target refer 
ence signal once at an interval of K frequency domain 
resource blocks ” indicates that the reference frequency 
domain resource block is used as a start position , and the 
frequency domain resource blocks that carry the target 
reference signal are obtained at the interval of K frequency 
domain resource blocks until the last frequency domain 
resource block occupied by a shared channel . 
[ 0022 ] In another implementation , " mapping the target 
reference signal once at an interval of K frequency domain 
resource blocks ” indicates that the reference frequency 
domain resource block is used as a start position , and the 
frequency domain resource blocks that carry the target 
reference signal are obtained at an interval of K frequency 
domain resource blocks until the last frequency domain 
resource block occupied by a shared channel . 
[ 0023 ] In another optional implementation , the determin 
ing , based on the frequency domain density K , a third 
frequency domain resource that carries the target reference 
signal in the first frequency domain resource and / or a fourth 
frequency domain resource that carries the target reference 
signal in the second frequency domain resource includes : 
mapping a PTRS once starting from a reference frequency 
domain resource block in the first frequency domain 
resource at an interval of K frequency domain resource 
blocks , to obtain frequency domain resource blocks that 
carry the target reference signal as the third frequency 
domain resource ; and mapping a PTRS once starting from a 
reference frequency domain resource block in the second 
frequency domain resource at an interval of K frequency 
domain resource blocks , to obtain frequency domain 
resource blocks that carry the target reference signal as the 
fourth frequency domain resource . 

[ 0024 ] It can be learned that this implementation is com 
pared with the previous implementation in which the fre 
quency domain resource that carries the target reference 
signal is determined . In the previous implementation , map 
ping is performed starting from the reference frequency 
domain resource block in the entire scheduled frequency 
domain resources for determining . However , in this imple 
mentation , mapping is performed starting from the reference 
frequency domain resource block in the first frequency 
domain resource to determine the third frequency domain 
resource , and mapping is performed starting from the ref 
erence frequency domain resource block in the second 
frequency domain resource to determine the fourth fre 
quency domain resource . In this implementation , when 
frequency domain resources associated with the QCL 
assumptions are not consecutive , this helps avoid a case in 
which some frequency domain resources associated with the 
QCL assumptions do not carry the target reference signal . 
[ 0025 ] In this embodiment of this application , the target 
reference signal is a reference signal used to perform chan 
nel estimation or used to assist the demodulation reference 
signal DMRS in performing channel estimation . Optionally , 
the target reference signal includes a phase tracking refer 
ence signal PTRS . The target reference signal is associated 
with the DMRS . 

[ 0026 ] According to a second aspect , this application 
further provides a reference signal transmission method . In 
the reference signal transmission method , scheduled fre 
quency domain resources include a first frequency domain 
resource and a second frequency domain resource , the first 
frequency domain resource is associated with a first QCL 
assumption , and the second frequency domain resource is 
associated with a second QCL assumption . 
[ 0027 ] In a first case , when a target reference signal 
carried on the scheduled frequency domain resources has 
one QCL assumption , a PTRS is mapped to a frequency 
domain resource associated with the QCL assumption . In the 
reference signal transmission method , a method for deter 
mining a frequency domain density K is the same as that in 
the first aspect , and details are not described herein again . 
[ 0028 ] If the target reference signal is associated with a 
DMRS carried on the first frequency domain resource , the 
target reference signal may be received by using the first 
QCL assumption , and / or a channel estimation result of the 
target reference signal may be used to assist in receiving the 
DMRS carried on the first frequency domain resource ; and 
one or more frequency domain resource blocks that are 
obtained by mapping the target reference signal once start 
ing from a reference frequency domain resource block in the 
first frequency domain resource at an interval of K fre 
quency domain resource blocks are used as a frequency 
domain resource that carries the target reference signal . 
[ 0029 ] If the target reference signal is associated with a 
DMRS carried on the second frequency domain resource , 
the target reference signal may be received by using the 
second QCL assumption , and / or a channel estimation result 
of the target reference signal may be used to assist in 
receiving the DMRS carried on the second frequency 
domain resource ; and one or more frequency domain 
resource blocks that are obtained by mapping the target 
reference signal once starting from a reference frequency 
domain resource block in the second frequency domain 

a 

a 

a 
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[ 0039 ] Optionally , the target reference signal port and an 
unassociated DMRS port or an unassociated code division 
multiplexing ( CDM ) group have different TCI states or 
different QCL assumptions . 
[ 0040 ] Optionally , if the target reference signal port and 
the unassociated DMRS port or the unassociated CDM 
group have the different TCI states or the different QCL 
assumptions , the target reference signal port and the unas 
sociated DMRS port have the same QCL assumption type B. 
[ 0041 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 
[ 0042 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 
type D. 

resource at an interval of K frequency domain resource 
blocks are used as a frequency domain resource that carries 
the target reference signal . 
[ 0030 ] It can be learned that the reference signal trans 
mission method can specify a transmission rule of the target 
reference signal , to avoid a problem that transmission per 
formance is affected due to an unclear rule . 
[ 0031 ] In a second case , when a target reference signal 
carried on the scheduled frequency domain resources has 
one QCL assumption , the target reference signal is mapped 
to frequency domain resources associated with two QCL 
assumptions , but one of the QCL assumptions is used for 
receiving the target reference signal . A phase estimation 
result of the target reference signal may be shared with the 
two QCL assumptions . 
[ 0032 ] A manner in which the target reference signal is 
mapped to the scheduled frequency domain resources and 
the frequency domain density K of the target reference 
signal may be determined based on the scheduled frequency 
domain resources . A manner of receiving the target reference 
signal is receiving , by using the first QCL assumption or the 
second QCL assumption , the target reference signal carried 
on the scheduled frequency domain resources . Further , a 
channel estimation result based on a PTRS may be used to 
separately assist in receiving a DMRS carried on the first 
frequency domain resource and receiving a DMRS carried 
on the second frequency domain resource . 
[ 0033 ] It can be learned that when the target reference 
signal has one QCL assumption , the reference signal trans 
mission method can specify a transmission rule of the target 
reference signal , to avoid a problem that channel estimation 
performance is affected due to an unclear rule . 
[ 0034 ] In a third case , different QCL assumptions are used 
to receive data and DMRSs on a same time - frequency 
domain resource , and the data and the DMRSs correspond 
ing to the different QCL assumptions correspond to different 
ports , or the different QCL assumptions correspond to dif 
ferent CDM groups of DMRSs . A target reference signal on 
the time - frequency domain resource is limited to be received 
by using one QCL assumption . In other words , one port is 
configured for the target reference signal , and a target 
reference signal port is associated with a corresponding 
QCL assumption on the time - frequency resource . 
[ 0035 ] Optionally , the QCL assumption is used to receive 
the target reference signal on the target reference signal port . 
[ 0036 ] Optionally , an association relationship between the 
target reference signal port and the corresponding QCL 
assumption on the time - frequency resource may be pre 
defined . Specifically , when a TCI field indicates two TCI 
states , the 1st TCI state is used to indicate the QCL assump 
tion of the target reference signal by default , or the 2nd TCI 
state is used to indicate the QCL assumption of the target 
reference signal by default . 
[ 0037 ] Optionally , the target reference signal port is asso 
ciated with one or more DMRS ports , or is associated with 
one or more CDM groups . A TCI state corresponding to the 
DMRS port or the CDM is the same as the TCI state 
corresponding to the target reference signal port . 
[ 0038 ] Optionally , the target reference signal port and the 
associated DMRS port or the associated CDM group have 
the same TCI state or the same QCL assumption . Specifi 
cally , the TCI state or the QCL assumption includes one or 
more of QCL assumptions type A , type B , and type D. 

[ 0043 ] According to a third aspect , this application further 
provides a reference signal transmission method . In the 
reference signal transmission method , a frequency domain 
density of a target reference signal may be determined by 
using the foregoing MRB or NRB . However , a manner of 
mapping the target reference signal to scheduled frequency 
domain resources or a manner of determining a frequency 
domain resource that carries the target reference signal in 
scheduled frequency domain resources may be separately 
mapped or determined for frequency domain resources 
associated with different QCL assumptions . 
[ 0044 ] When the target reference signal carried on the 
scheduled frequency domain resources has two QCL 
assumptions , the reference signal transmission method 
includes : A receive end determines the frequency domain 
density of the target reference signal based on MRB or NRB : 
One or more frequency domain resource blocks that are 
obtained by mapping the target reference signal once by the 
receive end starting from a reference frequency domain 
resource block in a first frequency domain resource at an 
interval of K frequency domain resource blocks are used as 
a third frequency domain resource that carries the target 
reference signal . One or more frequency domain resource 
blocks that are obtained by mapping the target reference 
signal once starting from a reference frequency domain 
resource block in a second frequency domain resource at an 
interval of K frequency domain resource blocks are used as 
a fourth frequency domain resource that carries the target 
reference signal . The receive end receives , by using a first 
QCL assumption , the target reference signal carried on the 
third frequency domain resource , and receives , by using a 
second QCL assumption , the target reference signal carried 
on the fourth frequency domain resource . 
[ 0045 ] Optionally , the receive end respectively determines 
the third frequency domain resource and the fourth fre 
quency domain resource in the first frequency domain 
resource and the second frequency domain resource based 
on a same frequency domain density , and maps the target 
reference signal to each of the third frequency domain 
resource and the fourth frequency domain resource . 
[ 0046 ] Optionally , the target reference signal is mapped to 
each of the third frequency domain resource and the fourth 
frequency domain resource . 
[ 0047 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 

a 
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[ 0048 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 
type D. 

[ 0058 ] According to a fifth aspect , this application further 
provides a reference signal transmission method . The 
method is corresponding to the methods in the first aspect 
and the second aspect , and is described from a perspective 
of a transmit end . 
[ 0059 ] In the reference signal transmission method , the 
transmit end determines a frequency domain density K of a 
target reference signal based on a quantity MRB of frequency 
domain resources ; determines , based on the frequency 
domain density K , a third frequency domain resource that 
carries the target reference signal in a first frequency domain 
resource , and / or a fourth frequency domain resource that 
carries the target reference signal in a second frequency 
domain resource ; and sends , by using a first quasi co 
location QCL assumption , the target reference signal carried 
on the third frequency domain resource , and / or sends , by 
using a second quasi co - location QCL assumption , the target 
reference signal carried on the fourth frequency domain 

a 

a 
resource . 

a 

a 

[ 0049 ] It can be learned that in the reference signal trans 
mission method , a frequency domain resource associated 
with each QCL assumption carries the target reference 
signal , to facilitate channel estimation performance corre 
sponding to each QCL assumption . 
[ 0050 ] According to a fourth aspect , this application fur 
ther provides a reference signal transmission method . In the 
reference signal transmission method , it is ensured that a 
time domain resource associated with each QCL assumption 
carries a target reference signal , to help ensure channel 
estimation performance of each QCL assumption . 
[ 0051 ] When a PTRS carried on scheduled time domain 
resources may have two QCL assumptions , in the reference 
signal transmission method , a receive end determines a time 
domain density L of the target reference signal based on 
modulation and coding scheme MCS information ; maps the 
target reference signal once starting from a reference time 
domain resource block in a first time domain resource at an 
interval of L time domain resource blocks , to obtain a third 
time domain resource that carries the target reference signal ; 
maps the target reference signal once starting from a refer 
ence time domain resource block in a second time domain 
resource at an interval of L time domain resource blocks , to 
obtain a fourth time domain resource that carries the target 
reference signal ; and receives , by using a first QCL assump 
tion , the target reference signal carried on the third time 
domain resource , and receives , by using a second QCL 
assumption , the target reference signal carried on the fourth 
time domain resource . 
[ 0052 ] The MCS information is used to indicate a modu 
lation and coding scheme of the scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0053 ] A target reference signal port corresponding to the 
target reference signal carried on the third time domain 
resource is associated with a DMRS port corresponding to a 
demodulation reference signal DMRS carried on the first 
time domain resource . A target reference signal port corre 
sponding to the target reference signal carried on the fourth 
time domain resource is associated with a DMRS port 
corresponding to a demodulation reference signal DMRS 
carried on the second time domain resource . 
[ 0054 ] In this embodiment of this application , the target 
reference signal is a reference signal used to perform chan 
nel estimation or used to assist the demodulation reference 
signal DMRS in performing channel estimation . 
[ 0055 ] In this embodiment of this application , the target 
reference information includes a phase tracking reference 
signal PTRS . 
[ 0056 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 
[ 0057 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 

[ 0060 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
The first frequency domain resource is associated with the 
first quasi co - location ( CL assumption , and the second 
frequency domain resource is associated with the second 
QCL assumption . 
[ 0061 ] A target reference signal port corresponding to the 
target reference signal carried on the third frequency domain 
resource is associated with a DMRS port corresponding to a 
demodulation reference signal DMRS carried on the first 
frequency domain resource , and / or a target reference signal 
port corresponding to the target reference signal carried on 
the fourth frequency domain resource is associated with a 
DMRS port corresponding to a DMRS carried on the second 
frequency domain resource . 
[ 0062 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 
[ 0063 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 
type D. 

a 

[ 0064 ] In this embodiment of this application , for an 
optional value of MRB and a manner of mapping the target 
reference signal , refer to related content in the first aspect . 
Details are not described herein again . 
[ 0065 ] According to a sixth aspect , this application further 
provides a reference signal transmission method . The refer 
ence signal transmission method corresponds to the method 
in the fourth aspect , and is described from a perspective of 
a transmit end . The reference signal transmission method 
includes : The transmit end determines a time domain density 
L of a target reference signal based on modulation and 
coding scheme MCS information ; maps reference 
signal once starting from a reference time domain resource 
block in a first time domain resource at an interval of L time 
domain resource blocks , to obtain a third time domain 
resource that carries the target reference signal ; and / or maps 
the target reference signal once starting from a reference 
time domain resource block in a second time domain 
resource at an interval of L time domain resource blocks , to 
obtain a fourth time domain resource that carries the target 

the target 

a 

type D. 
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reference signal ; and sends , by using a first QCL assump 
tion , the target reference signal carried on the third time 
domain resource , and / or sends , by using a second QCL 
assumption , the target reference signal carried on the fourth 
time domain resource . 
[ 0066 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0067 ] A target reference signal port corresponding to the 
target reference signal carried on the third time domain 
resource is associated with a DMRS port corresponding to a 
demodulation reference signal DMRS carried on the first 
time domain resource ; and / or 
[ 0068 ] a target reference signal port corresponding to the 
target reference signal carried on the fourth time domain 
resource is associated with a DMRS port corresponding to a 
demodulation reference signal DMRS carried on the second 
time domain resource . 
[ 0069 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a PUSCH . 
[ 0070 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 
type D. 

[ 0075 ] The processing unit is configured to determine a 
frequency domain density K of a target reference signal 
based on a quantity MRB of frequency domain resources . 
[ 0076 ] The processing unit is configured to determine , 
based on the frequency domain density K , a third frequency 
domain resource that carries the target reference signal in a 
first frequency domain resource , and / or a fourth frequency 
domain resource that carries the target reference signal in a 
second frequency domain resource . 
[ 0077 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0078 ] The first frequency domain resource is associated 
with a first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . 
[ 0079 ] The transceiver unit is configured to : receive , by 
using the first quasi co - location QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , and / or receive , by using the second quasi co 
location QCL assumption , the target reference signal carried 
on the fourth frequency domain resource . 
[ 0080 ] In another implementation , the communication 
apparatus includes a transceiver unit and a processing unit . 
[ 0081 ] The processing unit is configured to determine a 
time domain density L of a target reference signal based on 
modulation and coding scheme MCS information . 
[ 0082 ] The processing unit is configured to : map the target 
reference signal once starting from a reference time domain 
resource block in a first time domain resource at an interval 
of L time domain resource blocks , to obtain a third time 
domain resource that carries the target reference signal ; 
and / or map the target reference signal once starting from a 
reference time domain resource block in a second time 
domain resource at an interval of L time domain resource 
blocks , to obtain a fourth time domain resource that carries 
the target reference signal . 
[ 0083 ] The transceiver unit is configured to : receive , by 
using a first QCL assumption , the target reference signal 
carried on the third time domain resource , and / or receive , by 
using a second QCL assumption , the target reference signal 
carried on the fourth time domain resource . 
[ 0084 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0085 ] For example , the processing unit may be a proces 
sor , the transceiver unit may be a transceiver or a commu 
nication interface , and the storage unit may be a memory . 
[ 0086 ] In an implementation , the communication appara 
tus includes a communication interface and a processor . 
[ 0087 ] The processor is configured to determine a fre 
quency domain density K of a target reference signal based 
on a quantity MRB of frequency domain resources . 
[ 0088 ] The processor is configured to determine , based on 
the frequency domain density K , a third frequency domain 
resource that carries the target reference signal in a first 
frequency domain resource , and / or a fourth frequency 

a 
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[ 0071 ] For other content of this aspect , refer to the content 
described in the fourth aspect . Details are not described 
herein again . 
[ 0072 ] According to a seventh aspect , an embodiment of 
this application further provides a communication apparatus . 
The communication apparatus may be a terminal device , an 
apparatus in the terminal device , or an apparatus that can be 
used together with the terminal device . The communication 
apparatus has some or all functions of the receive end in the 
method examples in the first aspect to the fourth aspect . For 
example , functions of the communication apparatus may be 
functions in some or all of embodiments of this application , 
or may be a function of independently implementing any 
embodiment of this application . The function may be imple 
mented by hardware , or may be implemented by hardware 
executing corresponding software . The hardware or the 
software includes one or more units or modules correspond 
ing to the foregoing function . 
[ 0073 ] In a possible design , a structure of the communi 
cation apparatus may include a processing unit and a trans 
ceiver unit . The processing unit is configured to support the 
communication apparatus in performing a corresponding 
function in the method provided in any one of the first aspect 
to the fourth aspect . The transceiver unit is configured to 
support communication between the communication appa 
ratus and another device . The another device may be a 
terminal device . The communication apparatus may further 
include a storage unit . The storage unit is configured to be 
coupl to the processing unit and the transceiver unit , and 
stores program instructions and data that are necessary for 
the communication apparatus . 
[ 0074 ] In an implementation , the communication appara 
tus includes a transceiver unit and a processing unit . 

a 
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domain resource that carries the target reference signal in a 
second frequency domain resource . 
[ 0089 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0090 ] The first frequency domain resource is associated 
with a first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . 
[ 0091 ] The communication interface is configured to : 
receive , by using the first quasi co - location QCL assump 
tion , the target reference signal carried on the third fre 
quency domain resource , and / or receive , by using the second 
quasi co - location QCL assumption , the target reference 
signal carried on the fourth frequency domain resource . 
[ 0092 ] In another implementation , the communication 
apparatus includes a communication interface and a proces 
sor . 

a 

[ 0093 ] The processor is configured to determine a time 
domain density L of a target reference signal based on 
modulation and coding scheme MCS information . 
[ 0094 ] The processor is configured to : map the target 
reference signal once starting from a reference time domain 
resource block in a first time domain resource at an interval 
of L time domain resource blocks , to obtain a third time 
domain resource that carries the target reference signal ; 
and / or map the target reference signal once starting from a 
reference time domain resource block in a second time 
domain resource at an interval of L time domain resource 
blocks , to obtain a fourth time domain resource that carries 
the target reference signal . 
[ 0095 ] The communication interface is configured to : 
receive , by using a first QCL assumption , the target refer 
ence signal carried on the third time domain resource , and / or 
receive , by using a second QCL assumption , the target 
reference signal carried on the fourth time domain resource . 
[ 0096 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0097 ] According to an eighth aspect , an embodiment of 
this application further provides a communication apparatus . 
The communication apparatus may be a network device , an 
apparatus in the network device , or may be an apparatus that 
can be used together with the network device . The commu 
nication apparatus has some or all functions of the transmit 
end in the method examples in the fifth aspect and the sixth 
aspect . For example , functions of the communication appa 
ratus may be functions in some or all of embodiments of this 
application , or may be a function of independently imple 
menting any embodiment of this application . The function 
may be implemented by hardware , or may be implemented 
by hardware executing corresponding software . The hard 
ware or the software includes one or more units or modules 
corresponding to the foregoing function . 
[ 0098 ] In a possible design , a structure of the communi 
cation apparatus may include a processing unit and a trans 
ceiver unit . The processing unit is configured to support the 
communication apparatus in performing a corresponding 

function in the method provided in any one of the fifth aspect 
and the sixth aspect . The transceiver unit is configured to 
support communication between the communication appa 
ratus and another device . The another device may be a 
terminal device . The communication apparatus may further 
include a storage unit . The storage unit is configured to be 
coupled to the processing unit and the transceiver unit , and 
stores program instructions and data that are necessary for 
the communication apparatus . 
[ 0099 ] In an implementation , the communication appara 
tus includes a transceiver unit and a processing unit . 
[ 0100 ] The processing unit is configured to determine a 
frequency domain density K of a target reference signal 
based on a quantity MRB of frequency domain resources . 
[ 0101 ] The processing unit is configured to determine , 
based on the frequency domain density K , a third frequency 
domain resource that carries the target reference signal in a 
first frequency domain resource , and / or a fourth frequency 
domain resource that carries the target reference signal in a 
second frequency domain resource . 
[ 0102 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0103 ] The first frequency domain resource is associated 
with a first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . 
[ 0104 ] The transceiver unit is configured to : send , by 
using the first quasi co - location QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , and / or send , by using the second quasi co - location 
QCL assumption , the target reference signal carried on the 
fourth frequency domain resource . 
[ 0105 ] In another implementation , the communication 
apparatus includes a transceiver unit and a processing unit . 
[ 0106 ] The processing unit is configured to determine a 
time domain density L of a target reference signal based on 
modulation and coding scheme MCS information . 
[ 0107 ] The processing unit is configured to : map the target 
reference signal once starting from a reference time domain 
resource block in a first time domain resource at an interval 
of L time domain resource blocks , to obtain a third time 
domain resource that carries the target reference signal ; 
and / or map the target reference signal once starting from a 
reference time domain resource block in a second time 
domain resource at an interval of L time domain resource 
blocks , to obtain a fourth time domain resource that carries 
the target reference signal . 
[ 0108 ] The transceiver unit is configured to : send , by 
using a first QCL assumption , the target reference signal 
carried on the third time domain resource , and / or send , by 
using a second QCL assumption , the target reference signal 
carried on the fourth time domain resource . 
[ 0109 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
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[ 0110 ] For example , the processing unit may be a proces 
sor , the transceiver unit be a transceiver , and the storage unit 
may be a memory . 
[ 0111 ] In an implementation , the communication appara 
tus includes a transceiver and a processor . 
[ 0112 ] The processor is configured to determine a fre 
quency domain density K of a target reference signal based 
on a quantity MRB of frequency domain resources . 
[ 0113 ] The processor is configured to determine , based on 
the frequency domain density K , a third frequency domain 
resource that carries the target reference signal in a first 
frequency domain resource , and / or a fourth frequency 
domain resource that carries the target reference signal in a 
second frequency domain resource . 
[ 0114 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRb , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0115 ] The first frequency domain resource is associated 
with a first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . 
[ 0116 ] The transceiver is configured to : send , by using the 
first quasi co - location QCL assumption , the target reference 
signal carried on the third frequency domain resource , 
and / or send , by using the second quasi co - location QCL 
assumption , the target reference signal carried on the fourth 
frequency domain resource . 
[ 0117 ] In another implementation , the communication 
apparatus includes a transceiver and a processor . 
[ 0118 ] The processor is configured to determine a time 
domain density L of a target reference signal based on 
modulation and coding scheme MCS information . 
[ 0119 ] The processor is configured to : map the target 
reference signal once starting from a reference time domain 
resource block in a first time domain resource at an interval 
of L time domain resource blocks , to obtain a third time 
domain resource that carries the target reference signal ; 
and / or map the target reference signal once starting from a 
reference time domain resource block in a second time 
domain resource at an interval of L time domain resource 
blocks , to obtain a fourth time domain resource that carries 
the target reference signal . 
[ 0120 ] The transceiver is configured to : send , by using a 
first QCL assumption , the target reference signal carried on 
the third time domain resource , and / or receive , by using a 
second QCL assumption , the target reference signal carried 
on the fourth time domain resource . 
[ 0121 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0122 ] In a specific implementation process , the processor 
may be configured to perform , for example , but not limited 
to , baseband related processing , and the transceiver may be 
configured to perform , for example , but not limited to , radio 
frequency receiving and sending . The foregoing components 
may be separately disposed on chips independent of each 
other , or at least some or all of the components may be 
disposed on one chip . For example , the processor may be 

further classified into an analog baseband processor and a 
digital baseband processor . The analog baseband processor 
and the transceiver may be integrated on a same chip , and 
the digital baseband processor may be disposed on an 
independent chip . With continuous development of inte 
grated circuit technologies , more components can be inte 
grated on a same chip . For example , the digital baseband 
processor and a plurality of application processors ( for 
example , but not limited to , a graphics processor and a 
multimedia processor ) may be integrated on a same chip . 
Such a chip may be referred to as a system on chip ( system 
on chip ) . Whether all the components are separately dis 
posed on different chips or integrated and disposed on one 
or more chips usually depends on a specific requirement for 
a product design . Specific implementations of the foregoing 
components are not limited in this embodiment of this 
application . 
[ 0123 ] According to a ninth aspect , an embodiment of this 
application provides a processor , configured to perform a 
process of sending the foregoing information and receiving 
the foregoing information in a process of the methods 
provided in the first aspect to the sixth aspect . It may be 
understood as a process of outputting the foregoing infor 
mation by the processor and a process of receiving the 
foregoing input information by the processor . Specifically , 
when outputting the information , the processor outputs the 
information to a transceiver , so that the transceiver transmits 
the information . Still further , after the information is output 
by the processor , other processing may further need to be 
performed on the information before the information arrives 
at the transceiver . Similarly , when the processor receives the 
input information , the transceiver receives the information 
and the information is input into the processor . Still further , 
after the transceiver receives the information , other process 
ing may need to be performed on the information before the 
information is input into the processor . 
[ 0124 ] In this case , for operations such as transmission , 
sending , and receiving related to the processor , if there is no 
particular statement , or if the operations do not contradict an 
actual function or internal logic of the operations in related 
descriptions , the operations may be more generally under 
stood as operations such as output , receiving , and input of 
the processor , instead of operations such as transmission , 
sending , and receiving directly performed by a radio fre 
quency circuit and an antenna . 
[ 0125 ] In a specific implementation process , the processor 
may be a processor specially configured to perform these 
methods , or a processor , for example , a general - purpose 
processor , that executes computer instructions in a memory 
to perform these methods . The memory may be a non 
transitory memory , for example , a read - only memory 
( ROM ) , and the memory and the processor may be inte 
grated on a same chip , or may be separately disposed on 
different chips . A type of the memory and a manner of 
disposing the memory and the processor are not limited in 
this embodiment of this application . 
[ 0126 ] According to a tenth aspect , an embodiment of this 
application further provides a chip system . The chip system 
includes a processor and an interface . The chip system may 
be deployed in a network device . 
[ 0127 ] In a possible design , the interface is configured to : 
send first indication information to a second network device , 
where the first indication information is used to request 
capability information of a terminal device ; and receive first 

a 



US 2022/0272728 A1 Aug. 25 , 2022 
8 

RB , 

second frequency domain resource ; and receives , by using 
the first quasi co - location QCL assumption , the target ref 
erence signal carried on the third frequency domain 
resource , and receives , by using the second quasi co - location 
QCL assumption , the target reference signal carried on the 
fourth frequency domain resource . 
[ 0136 ] The quantity MRB of frequency domain resources is 
greater than zero and less than N NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0137 ] The first frequency domain resource is associated 
with the first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with the 
second QCL assumption . 
[ 0138 ] Optionally , in the system , when the target reference 
signal has one QCL assumption , one of the first transmit end 
and the second transmit end may perform the foregoing 
steps , and the corresponding receive end correspondingly 
performs a related operation . For another optional imple 
mentation , refer to the related content in the first aspect to 
the sixth aspect . Details are not described herein again . 

BRIEF DESCRIPTION OF DRAWINGS 

capability information from the second network device , 
where the first capability information includes the capability 
information of the terminal device . The processor is con 
figured to determine the first indication information . 
( 0128 ] In a possible design , the interface is configured to : 
receive first indication information from a first network 
device , where the first indication information is used to 
request capability information of a terminal device ; and send 
first capability information to the first network device , where 
the first capability information includes the capability infor 
mation of the terminal device . The processor is configured to 
determine the first capability information based on the first 
indication information . 
[ 0129 ] In a possible design , the chip system further 
includes a memory . The memory is configured to store 
program instructions and data that are necessary for the 
terminal device . The chip system may include a chip , or may 
include a chip and another discrete component . 
[ 0130 ] According to an eleventh aspect , an embodiment of 
this application provides a computer - readable storage 
medium , configured to store computer software instructions 
used by the foregoing receive end . The computer software 
instructions include a program used to perform the method 
in any one of the first aspect to the fourth aspect . 
[ 0131 ] According to a twelfth aspect , an embodiment of 
this application provides a computer - readable storage 
medium , configured to store computer software instructions 
used by the foregoing receive end . The computer software 
instructions include a program used to perform the method 
in any one of the fifth aspect and the sixth aspect . 
[ 0132 ] According to a thirteenth aspect , an embodiment of 
this application provides a computer program product 
including instructions . When the computer program product 
runs on a computer , the computer is enabled to perform the 
method in any one of the first aspect to the fourth aspect . 
[ 0133 ] According to a fourteenth aspect , an embodiment 
of this application provides a computer program product 
including instructions . When the computer program product 
runs on a computer , the computer is enabled to perform the 
method in any one of the fifth aspect and the sixth aspect . 
[ 0134 ] According to a fifteenth aspect , an embodiment of 
this application provides a system . The system includes at 
least two transmit ends and at least one receive end . A first 
transmit end determines a frequency domain density K of a 
target reference signal based on a quantity MRB of frequency 
domain resources ; and determines , based on the frequency 
domain density K , a third frequency domain resource that 
carries the target reference signal in a first frequency domain 
resource , and sends , by using a first quasi co - location QCL 
assumption , the target reference signal carried on the third 
frequency domain resource . A second transmit end deter 
mines , based on the frequency domain density K , a fourth 
frequency domain resource that carries the target reference 
signal in a second frequency domain resource , and sends , by 
using a second quasi co - location QCL assumption , the target 
reference signal carried on the fourth frequency domain 
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[ 0139 ] FIG . 1 is a schematic diagram of a structure of a 
communication system according to an embodiment of this 
application ; 
[ 0140 ] FIG . 2 is a schematic diagram of carrying a PTRS 
in a scheduled time domain resource according to an 
embodiment of this application ; 
[ 0141 ] FIG . 3 is a schematic diagram of carrying a PTRS 
in a scheduled frequency domain resource according to an 
embodiment of this application ; 
[ 0142 ] FIG . 4 is a schematic diagram of association 
between a PRG and a QCL assumption in a scheduled time 
domain resource according to an embodiment of this appli 
cation ; 
[ 0143 ] FIG . 5 is a schematic diagram of carrying a PTRS 
in another duled frequency nain resource according 
to an embodiment of this application ; 
[ 0144 ] FIG . 6 is a schematic diagram of carrying a PTRS 
in still another scheduled frequency domain resource 
according to an embodiment of this application ; 
[ 0145 ] FIG . 7 is a schematic flowchart of a reference 
signal transmission method according to an embodiment of 
this application ; 
[ 0146 ] FIG . 8 is a schematic diagram of carrying a PTRS 
in still another scheduled frequency domain resource 
according to an embodiment of this application ; 
[ 0147 ] FIG . 9A is a schematic diagram of carrying a PTRS 
in still another scheduled frequency domain resource 
according to an embodiment of this application ; 
( 0148 ] FIG . 9B is a schematic diagram of carrying a PTRS 
in still another scheduled frequency domain resource 
according to an embodiment of this application ; 
[ 0149 ] FIG . 10 is a schematic flowchart of another refer 
ence signal transmission method according to an embodi 
ment of this application ; 
[ 0150 ] FIG . 11 is a schematic diagram of carrying a PTRS 
in a scheduled frequency domain resource when one PTRS 
port is configured according to an embodiment of this 
application ; 

resource . 
a [ 0135 ] The receive end determines the frequency domain 

density K of the target reference signal based on the quantity 
MRB of frequency domain resources ; determines , based on 
the frequency domain density K , the third frequency domain 
resource that carries the target reference signal in the first 
frequency domain resource , and the fourth frequency 
domain resource that carries the target reference signal in the 
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[ 0151 ] FIG . 12 is a schematic flowchart of still another 
reference signal transmission method according to an 
embodiment of this application ; 
[ 0152 ] FIG . 13 is a schematic flowchart of still another 
reference signal transmission method according to an 
embodiment of this application ; 
[ 0153 ] FIG . 14 is a schematic diagram of carrying a PTRS 
in a scheduled time domain resource according to an 
embodiment of this application ; 
[ 0154 ] FIG . 15 is a schematic diagram of a structure of a 
communication apparatus according to an embodiment of 
this application ; 
[ 0155 ] FIG . 16 is a schematic diagram of a structure of 
another communication apparatus according to an embodi 
ment of this application ; and 
[ 0156 ] FIG . 17 is a schematic diagram of a structure of a 
chip according to an embodiment of this application . 
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DESCRIPTION OF EMBODIMENTS 

[ 0157 ] The following describes technical solutions in this 
application with reference to the accompanying drawings . 
[ 0158 ] The technical solutions in this application can be 
specifically applied to various communication systems . For 
example , with continuous development of communication 
technologies , the technical solutions in this application may 
be further applied to a future network , such as a 5G system 
or a 6G system , which may also be referred to as a new radio 
( NR ) system , and may also be applied to a device - to - device 
( D2D ) system , a machine - to - machine ( M2M ) system , and 
the like . 
[ 0159 ] FIG . 1 is a schematic diagram of an architecture of 
a communication system according to an embodiment of this 
application . The communication system may include but is 
not limited to one network device and one terminal device . 
A quantity and forms of devices shown in FIG . 1 are used 
as an example and do not constitute a limitation on this 
embodiment of this application . During actual application , 
two or more network devices and two or more terminal 
devices may be included . The communication system shown 
in FIG . 1 is described by using an example whi there 
are two network devices and the two network devices can 
serve a same terminal device . In FIG . 1 , a transmission 
reception point TRP is used as an example of the network 
device , and a mobile phone is used as an example of the 
terminal device . 
[ 0160 ] In this application , the network device may be a 
device that has a wireless transceiver function or a chip that 
can be disposed in the device . The network device includes 
but is not limited to an evolved NodeB ( eNB ) , a radio 
network controller ( RNC ) , a NodeB ( NB ) , a network device 
controller ( base station controller , BSC ) , a network device 
transceiver station ( base transceiver station , BTS ) , a home 
network device ( for example , a home evolved NodeB , or a 
home NodeB , HNB ) , a baseband unit ( BBU ) , an access 
point ( AP ) in a wireless fidelity ( WI - FI ) system , a wireless 
relay node , a wireless backhaul node , a transmission point 
( transmission and reception point ( TRP ) or transmission 
point ( TP ) ) , and the like ; or may be a device used in a 5G 
system , a 6G system , or even a 7G system , for example , a 
gNB or a transmission point ( TRP or TP ) in an NR system , 
or one or a group of antenna panels ( including a plurality of 
antenna panels ) of a network device in the 5G system ; or 
may be a network node that constitutes a gNB or a trans 
mission point , for example , a baseband unit ( BBU ) , a 

distributed unit ( DU ) , a pico network device ( Picocell ) , a 
femto network device ( Femtocell ) , or a road side unit ( RSU ) 
in vehicle to everything ( V2X ) or in an intelligent driving 
scenario . 
[ 0161 ] In some deployments , the gNB or the transmission 
point may include a centralized unit ( CU ) , a distributed unit 
( DU ) , and the like . The gNB or the transmission point may 
further include a radio unit ( RU ) . The CU implements some 
functions of the GNB or the transmission point , and the DU 
implements some functions of the gNB or the transmission 
point . For example , the CU implements functions of radio 
resource control ( RRC ) and packet data convergence pro 
tocol ( PDCP ) layers , and the DU implements functions of 
radio link control ( RLC ) , media access control ( MAC ) , and 
physical ( PHY ) layers . Information at the RRC layer finally 
becomes information at the physical layer or is transformed 
from information at the physical layer . Therefore , in such an 
architecture , it may be considered that higher layer signaling 
such as RRC layer signaling or PHCP layer signaling is sent 
by the DU or is sent by the DU and the RU . It can be 
understood that the network device may be a CU node , a DU 
node , or a device including the CU node and the DU node . 
In addition , the CU may be classified as a network device in 
an access network RAN , or the CU may be classified as a 
network device in a core network ( CN ) . This is not limited 
herein . 
[ 0162 ] In this application , the terminal device may also be 
referred to as user equipment ( UE ) , an access terminal , a 
user unit , a user station , a mobile station , a remote station , 
a remote terminal , a mobile device , a user terminal , a user 
agent , or a user apparatus , and may be used in 56 , 66 , and 
even 7G systems . The terminal device in embodiments of 
this application may be a mobile phone , a tablet computer 
( Pad ) , a computer having a wireless transceiver function , a 
virtual reality ( VR ) terminal device , an augmented reality 
( AR ) terminal device , a wireless terminal in industrial 
control , a wireless terminal in self driving , a wireless 
terminal in remote medical , a wireless terminal in a smart 
grid , a wireless terminal in transportation safety , a wireless 
terminal in a smart city , a wireless terminal in a smart home , 
a wireless terminal in V2X vehicle to everything , an RSU of 
a wireless terminal type , or the like . 
[ 0163 ] For ease of understanding embodiments disclosed 
in this application , the following descriptions are provided . 
[ 0164 ] ( 1 ) In embodiments disclosed in this application , 
an NR network scenario in a wireless communication net 
work is used to describe some scenarios . It should be noted 
that the solutions in embodiments disclosed in this applica 
tion may be further applied to another wireless communi 
cation network , and a corresponding name may also be 
replaced with a name of a corresponding function in the 
another wireless communication network . 
[ 0165 ] ( 2 ) Embodiments disclosed in this application pres 
ent aspects , embodiments , or features of this application 
around a system including a plurality of devices , compo 
nents , modules , and the like . It should be appreciated and 
understood that , each system may include another device , 
component , module , and the like , and / or may not include all 
devices , components , modules , and the like discussed with 
reference to the accompanying drawings . In addition , a 
combination of these solutions may be used . 
[ 0166 ] ( 3 ) In embodiments disclosed in this application , 
the term “ example ” is used to represent an example , illus 
tration , or illustration . Any embodiment or design scheme 
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described as an “ example ” in this application should not be 
explained as being more preferred or having more advan 
tages than another embodiment or design scheme . Exactly , 
the term “ example ” is used to present a concept in a specific a 

manner . 

[ 0175 ] Positions , a quantity , and the like of scheduled time 
domain resources may be indicated by a time domain 
resource allocation ( TDRA ) field . For example , in a specific 
indication manner , the field indicates a position of a slot or 
a subframe occupied by the scheduled data , and may be a 
relative position based on a DCI detection slot or subframe , 
or an absolute position based on a slot or a subframe defined 
by a system . 
[ 0176 ] The scheduled frequency domain resources may be 
frequency domain resources occupied by a scheduled shared 
channel . For example , 8 RBs are occupied by scheduling a 
PDSCH by a base station , that is , the scheduled frequency 
domain resources are 8 RBs , or a quantity of scheduled 
frequency domain resources is 8. In this specification , the 
quantity of scheduled frequency domain resources is equal 
to a quantity of frequency domain resource blocks included 
in the scheduled frequency domain resources . 
[ 0177 ] The scheduled time domain resources may be time 
domain resources occupied by a shared channel . For 
example , the base station schedules 10 symbols for the 
PDSCH , that is , the scheduled time domain resources are 10 
symbols , or a quantity of scheduled time domain resources 
is 10. In this specification , the quantity of scheduled time 
domain resources is equal to a quantity of time domain 
resource blocks included in the scheduled time domain 
resources . 

[ 0167 ] ( 4 ) In embodiments disclosed in this application , 
" of " , " relevant ” , and “ corresponding ” may sometimes be 
interchangeably used . It should be noted that expressed 
meanings are consistent when differences are not empha 
sized . 
[ 0168 ] ( 5 ) “ At least one ” in embodiments disclosed in this 
application may alternatively be described as one or more , 
and " a plurality of ” means two , three , four , or more . This is 
not limited in this application . In embodiments disclosed in 
this application , “ first ” , “ second ” , and the like are used for 
distinguishing between technical features described by 
" first " , " second " , and the like . There is no chronological 
order or no size order between the technical features 
described by “ first ” and “ second ” . 
[ 0169 ] To facilitate understanding of embodiments dis 
closed in this application , some concepts in embodiments of 
this application are first described . These concepts include 
but are not limited to the following . 
[ 0170 ) First : Concept Descriptions 
[ 0171 ] 1. Frequency Domain Resource Block and Time 
Domain Resource Block 
[ 0172 ] A resource in a communication system is divided 
into a plurality of symbols in terms of time , for example , a 
plurality of orthogonal frequency division multiplexing 
( OFDM ) symbols . The time domain resource block may be 
referred to as a time unit . For example , the time domain 
resource block may be one or more radio frames , one or 
more subframes , one or more slots , one or more mini - slots , one or more orthogonal frequency division multiplexing 
( OFDM ) symbols , a discrete Fourier transform spread 
orthogonal frequency division multiplexing ( DFT - s - OFDM ) 
symbol , or a time window formed by a plurality of frames 
or subframes , for example , a system information ( SI ) win 
dow . 
[ 0173 ] A resource in the communication system is divided 
into several subcarriers in terms of frequency . The frequency 
domain resource block may be referred to as a frequency 
domain unit . For example , the frequency domain resource 
block may be one or more resource blocks ( RBs ) or one or 
more subcarriers . For example , one RB includes 12 subcar 
riers . One subcarrier in one RB in frequency domain and one 
OFDM symbol in time domain form one resource element 
( RE ) . 
[ 0174 ] Positions , a quantity , and the like of scheduled 
frequency domain resources may be indicated by a fre 
quency domain resource allocation ( FDRA ) field . For 
example , in a specific indication manner , an entire system 
bandwidth or a bandwidth part BWP is divided at a granu 
larity of RB groups in a bitmap manner for the field , and 
each resource set at the granularity of RB groups corre 
sponds to one bit in a bitmap , where a bit in the bitmap is 
set to 0 , indicating that a corresponding RB group is not 
scheduled , and a bit in the bitmap is set to 1 , indicating that 
a corresponding RB group is scheduled . A size of the RB 
group may be one or more RBs . For another example , the 
FDRA field may further indicate a frequency domain start 
position and a frequency domain size that are occupied by 
scheduled data . 

a 

[ 0178 ] The scheduled frequency domain resources and the 
scheduled time domain resources are indicated by using 
downlink control information ( DCI ) or by using RRC sig 
naling 
[ 0179 ] To adapt to channel changes on different frequency 
domain resources , a concept of a precoding resource group 
( PRG ) is introduced . RBs in the scheduled frequency 
domain resources are divided into a plurality of RB groups 
at a granularity of the PRG , and a quantity of RBs included 
in each RB group is a value of the PRG . Precoding manners 
of data , a target reference signal , and the like delivered in an 
RB group are the same . 
[ 0180 ] For example , a PRG indication is a wideband , all 
RBs in the scheduled frequency domain resources are 
divided into one group , and a same precoding manner is 
used for DMRSs and corresponding data transmitted in 
different RBs on the scheduled frequency domain resources . 
For another example , a PRG indication may alternatively be 
2 or 4 , indicating that one group is obtained at an interval of 
2 RBs or 4 RBs , and a same precoding manner is used for 
data carried in different RBs in an RB group . 
[ 0181 ] 2. Target Reference Signal 
[ 0182 ] The target reference signal ( target resource signal , 
target RS ) is used to perform channel estimation or used to 
assist a demodulation reference signal ( decoding modulation 
resource signal , DMRS ) in performing channel estimation . 
Alternatively , the target reference signal is used to estimate 
a channel - related parameter , for example , phase estimation , 
phase tracking , or phase estimation . For example , a phase 
tracking reference signal ( PTRS ) is used to assist the DMRS 
in performing channel estimation . 
[ 0183 ] The target reference signal is mapped to a time 
frequency resource occupied by a shared channel . When the 
shared channel is scheduled , the target reference signal is 
simultaneously scheduled . 
[ 0184 ] The target reference signal is mapped to a time 
domain resource occupied by the shared channel based on a 
time domain density L and a reference time domain resource 
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block . For example , the time domain resource that carries 
the PTRS is one or more time domain resource blocks that 
are obtained by mapping the PTRS once at an interval of L 
time domain resource blocks starting from the reference 
time domain resource block in the time domain resources 
occupied by the shared channel . A first understanding of 
mapping the PTRS once at an interval of L time domain 
resource blocks is that the reference time domain resource 
block is used as a start position , and time domain resource 
blocks that carry the PTRS are obtained at the interval of L 
time domain resource blocks until the last time domain 
resource block occupied by the shared channel . A second 
understanding of mapping the PTRS once at an interval of 
L time domain resource blocks is that the reference time 
domain resource block is used as a start position , and time 
domain resource blocks that carry the PTRS are obtained at 
an interval of L time domain resource blocks until the last 
time domain resource block occupied by the shared channel . 
[ 0185 ] For example , as shown in FIG . 2 , it is assumed that 
a time domain resource occupied by a shared channel is 8 
symbols from the 3rd symbol to the 10th symbol in a slot . A 
reference time domain resource block and a time domain 
resource block are in a unit of one symbol . Because a DMRS 
occupies the first N symbols of the time domain resource , for 
example , N is equal to 1 or 2 , that is , the 3rd symbol or the 
4th symbol in the slot , a PTRS may occupy an ( N + 1 ) + h 
symbol and the following symbols of the time domain 
resource , that is , the 4th symbol or the 5th symbol in the slot 
and the following symbols . It is assumed that the DMRS 
occupies the 3rd symbol in the slot , the reference time 
domain resource block is the 4th symbol in the slot , and the 
time domain density L is equal to 2. According to the 
foregoing first understanding , the time domain resource to 
which the PTRS is mapped is as follows : Starting from the 
4th symbol in the slot , that is , io = 4 , L time domain resource 
blocks are spaced between two adjacent time domain 
resources used to carry the PTRS , that is , the reference time 
domain resource block carries the PTRS , and a time domain 
position to which the PTRS is mapped other than the 
reference time domain resource block is io + Lxi + 1 , where i , 
is a position of the reference time domain resource block , L 
is the time domain density , and i may be 1 , 2 , ... , so that 
obtained symbols carrying the PTRS are respectively the 4th 
symbol , the 7th symbol , and the 9th symbol in the slot . 
According to the second understanding , to be specific , an 
offset of a time domain position to which the PTRS is 
mapped relative to the reference time domain resource block 
is Lxi , that is , the time domain position to which the PTRS 
is mapped is i , + Lxi , where i may be 0 , 1 , 2 , ... , and the time 
domain resource to which the PTRS is mapped is as follows : 
Starting from the 4th symbol in the slot , the PTRS is mapped 
once at an interval of two symbols , and obtained symbols 
carrying the PTRS are respectively the 4th symbol , the 6th 
symbol , the 8th symbol , and the 10th symbol in the slot . 
[ 0186 ] A frequency domain resource occupied by the 
target reference signal in a frequency domain resource 
occupied by the shared channel may be determined based on 
a frequency domain density K and a reference frequency 
domain resource block . For example , the frequency domain 
resource that carries the PTRS is one or more frequency 
domain resource blocks that are obtained by mapping the 
PTRS once at an interval of K frequency domain resource 

blocks starting from the reference frequency domain 
resource block in the frequency domain resource occupied 
by the shared channel . 
[ 0187 ] A first understanding of “ mapping the PTRS once 
at an interval of K frequency domain resource blocks ” is that 
the reference frequency domain resource block is used as a 
start position , and frequency domain resource blocks that 
carry the PTRS are obtained at the interval of K frequency 
domain resource blocks until the last frequency domain 
resource block occupied by the shared channel . To be 
specific , starting from the reference frequency domain 
resource block , K frequency domain resource blocks are 
spaced between two adjacent frequency domain resources 
used to carry the PTRS , that is , the reference frequency 
domain resource block carries the PTRS , and a frequency 
domain position to which the PTRS is mapped other than the 
reference frequency domain resource block is jo + K * j + 1 , 
where jo is a position of the reference frequency domain 
resource block , K is the frequency domain density , and j may 
be 1 , 2 , .... 
[ 0188 ] For example , the frequency domain resource block 
that carries the PTRS is one or more frequency domain 
resource blocks that are obtained by mapping the PTRS once 
at an interval of K frequency domain resource blocks 
starting from the reference frequency domain resource block 
in the frequency domain resource occupied by the shared 
channel , that is , the reference frequency domain resource 
block carries the PTRS , and a frequency domain position to 
which the PTRS is mapped other than the reference fre 
quency domain resource block is jo + K * j + 1 , where j is a 
position of the reference frequency domain resource block , 
K is the frequency domain density , and j may be 1 , 2 , .... 
For example , it is assumed that the frequency domain 
resource occupied by the shared channel includes NRB RBs , 
where NRB = 8 , the frequency domain density is equal to 4 , 
and the reference frequency domain resource block is the 1st 
RB in the frequency domain resource occupied by the shared 
channel . In this case , the frequency domain resource that 
carries the PTRS is the 1st RB and the 6th RB in the 
frequency domain resource occupied by the shared channel . 
[ 0189 ] A second understanding of “ mapping the PTRS 
once at an interval of K frequency domain resource blocks ” 
is that the reference frequency domain resource block is 
used as a start position , and frequency domain resource 
blocks that carry the PTRS are obtained at an interval of K 
frequency domain resource blocks until the last frequency 
domain resource block occupied by the shared channel . To 
be specific , an offset of a frequency domain position to 
which the PTRS is mapped relative to the reference fre 
quency domain resource block is K * j , where j may be 0 , 1 , 
2 , .... For example , it is assumed that the frequency domain 
resource occupied by the shared channel includes NRB RBs , 
where NRB = 8 , the frequency domain density is equal to 4 , 
and the reference frequency domain resource block is the 1st 
RB in the frequency domain resource occupied by the shared 
channel . In this case , the frequency domain resource that 
carries the PTRS is the 1st RB and the 5th RB in the 
frequency domain resource occupied by the shared channel . 
[ 0190 ] Further , a subcarrier occupied by the PTRS may be 
determined from the frequency domain resource block that 
carries the PTRS . For example , the frequency domain 
resource block is one RB . The PTRS occupies one subcarrier 
in one RB , and a position of the subcarrier is determined 
based on an index number ( DMRS port number for short ) of 
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a DMRS port associated with the PTRS and a subcarrier 
position offset . As shown in Table 1 , krefte indicates an 
offset between a subcarrier occupied by a PTRS and a start 
subcarrier in an RB , and is referred to as a resource element 
offset or a subcarrier position offset for short . For example , 
assuming that the PTRS is associated with a DMRS port 
number “ 1000 ” , and a DMRS configuration type is 1 , the 
subcarrier occupied by the PTRS is one subcarrier in sub 
carrier index numbers 0 , 2 , 6 , and 8 in the frequency domain 
resource blocks that carry the PTRS . 

9 

TABLE 1 

PTRS subcarrier position offset 
RE 

DMRS port DMRS configuration type 1 DM - RS configuration type 2 
resourceElementOffset resourceElementOffset ( DM - RS 

antenna port ) P 00 01 10 11 00 01 10 11 

1000 
1001 
1002 
1003 
1004 
1005 

0 
2 
1 
3 

2 
4 
3 
5 

6 
8 
7 
9 

8 
10 
9 

11 
3 

0 
1 
2 
3 
4 
5 

ou wa Foova 
7 
0 
9 
2 

11 
4 

8 
5 

10 
10 
11 

[ 0191 ] 3. Quasi Co - Location ( QCL ) Assumption 
[ 0192 ] A terminal device needs to perform channel esti 
mation based on a DMRS , a PTRS , and the like , and receive 
corresponding data by using a channel estimation result , 
thereby improving data receiving performance . 
[ 0193 ] Large - scale parameters of some channels may be 
used to assist in receiving signals such as the DMRS and the 
PTRS , and may also be used to assist in receiving data . The 
QCL assumption is used to indicate the large - scale param 
eters . The QCL assumption includes one or more of the 
following parameters : an angle of arrival ( AOA ) , a dominant 
angle of arrival AOA , an average angle of arrival , a power 
angular spectrum ( PAS ) of the angle of arrival , an angle of 
departure ( A0D ) , a dominant angle of departure , an average 
angle of departure , a power angular spectrum of the angle of 
departure , terminal transmit beamforming , terminal receive 
beamforming , spatial channel correlation , base station trans 
mit beamforming , base station receive beamforming , an 
average channel gain , an average channel delay , delay 
spread , Doppler spread , a Doppler shift , spatial receive 
parameters , and the like . 
[ 0194 ] The QCL assumption includes one or more of the 
following types of large - scale parameters : 
[ 0195 ] QCL assumption type ( QCL types ) A : Doppler 
shift , Doppler spread , average delay , and delay spread ; 
[ 0196 ] QCL types B : Doppler shift and Doppler spread ; 
[ 0197 ] QCL types C : average delay and Doppler shift ; and 
[ 0198 ] QCL types D : spatial Rx parameter . 
[ 0199 ] A QCL assumption indication manner is as fol 
lows : A to - be - received reference signal is associated with a 
reference signal ( reference RS ) , so that a large - scale param 
eter obtained by using the reference signal may be used to 
process the to - be - received RS . For example , the to - be 
received reference signal may be a DMRS , and the DMRS 
may be associated with a measurement reference signal to 
indicate that the two signals have a QCL type A and type D 
association relationship . Therefore , information about the 
QCL type A and the type D may be obtained by using the 

measurement reference signal , and is used to assist in 
receiving the DMRS . For another example , the to - be - re 
ceived reference signal may be a DMRS , and the DMRS 
may be associated with a PTRS to indicate that the two 
signals have a QCL type A and type D association relation 
ship . Therefore , information about the QCL type A and the 
type D may be obtained by receiving the DMRS , and is used 
to assist in receiving the PTRS . For another example , the 
to - be - received reference signal may be a DMRS , and the 
DMRS may be associated with a PTRS to indicate that the 
two signals have a QCL type B association relationship . 
Therefore , information about the QCL type B may be 
obtained by using the DMRS , to assist in receiving the 
PTRS . For another example , the to - be - received reference 
signal may be a DMRS , and the DMRS may be associated 
with a PTRS to indicate that the two signals have a QCL type 
B association relationship . Therefore , information about the 
QCL type B may be obtained by using the PTRS , to assist 
in receiving the DMRS . 
[ 0200 ] DCI includes a transmission configuration indica 
tion ( TCI ) field , and the TCI field indicates a QCL assump 
tion used for a DMRS carried on scheduled time - frequency 
resources . Because a QCL assumption used when data 
carried on the scheduled time - frequency resources is 
received is the same as the QCL assumption used for the 
carried DMRS , the TCI field may also be referred to as a 
QCL assumption associated with the scheduled time - fre 
quency resources . That is , a time - frequency resource is 
associated with a QCL assumption , which may indicate that 
data and a DMRS that are carried on the time - frequency 
resource are received by using the QCL assumption . 
[ 0201 ] In addition , a target reference signal other than the 
DMRS is used to assist the DMRS in performing channel 
estimation . For example , a phase estimation result of the 
PTRS may be used to adjust some parameters in the QCL 
assumption used for the DMRS carried on the time - fre 
quency resource . Therefore , the PTRS is associated with the 
DMRS . In one understanding , an estimation result of the 
PTRS may be used to adjust some large - scale parameters in 
the QCL assumption used for the DMRS , for example , QCL 
types B , and the PTRS may be received by using the QCL 
assumption used for the DMRS . For example , the PTRS is 
received by using QCL types A and QCL types D in the QCL 
assumption . In the other understanding , large - scale param 
eters used for receiving the PTRS , for example , the QCL 
type A , type B , and type D , are obtained from receiving of 
the DMRS . 

[ 0202 ] The time - frequency resource described in this 
specification may be a time domain resource , a frequency 
domain resource , or a time domain resource and a frequency 
domain resource . Therefore , in this specification , a scenario 
to which all the three cases are applicable is collectively 
referred to as a time - frequency resource . For example , the 
time - frequency resource is associated with the QCL assump 
tion , indicating that the time domain resource is associated 
with the QCL assumption , the frequency domain resource is 
associated with the QCL assumption , and the time domain 
resource and the frequency domain resource are both asso 
ciated with the QCL assumption . 
[ 0203 ] The association with the QCL assumption 
described in this specification may also be referred to as 
association with a TCI state . 
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[ 0204 ] 4. Multipoint Coordination Transmission Scenario 
[ 0205 ] The multipoint coordination transmission scenario 
may support a case in which one shared channel ( which may 
also be referred to as one transport block ) is sent by a 
plurality of transmission nodes ( for example , a plurality of 
base stations ) in coordination . The plurality of transmission 
nodes may respectively use different frequency domain 
resources to transmit the shared channel . That is , a plurality 
of scheduled frequency domain resource blocks are divided 
into two groups , and different transmission nodes respec 
tively carry data , target reference signals , and the like 
delivered by the different transmission nodes . Alternatively , 
the plurality of transmission nodes may respectively use 
different time domain resources to transmit the shared 
channel . That is , a plurality of scheduled time domain 
resource blocks are divided into two groups , and different 
transmission nodes respectively carry data , target reference 
signals , and the like delivered by the different transmission 
nodes . Alternatively , the plurality of transmission nodes may 
use different space domain resources to transmit the shared 
channel . That is , a plurality of transmission ports are sched 
uled , and different transmission nodes respectively carry 
data , target reference signals , and the like delivered by the 
different transmission nodes . 

[ 0206 ] Because transmission paths from each transmission 
node to a receive end vary greatly , DCI indicates , by using 
a TCI field , a QCL assumption separately used for a target 
reference signal ( for example , a DMRS ) delivered by each 
transmission node . Because each transmission node uses a 
different frequency domain resource to transmit the shared 
channel , the TCI field supports an indication of a plurality of 
QCL assumptions for receiving data and DMRSs . The 
plurality of QCL assumptions may respectively correspond 
to different frequency domain resources , and / or time domain 
resources , and / or transmission port resources . 
[ 0207 ] The scheduled frequency domain resources may be 
divided , based on a PRG indication , into frequency domain 
resources respectively used by different transmission nodes . 
For example , a TCI state 1 and a TCI state 2 indicated by the 
TCI field correspond to two QCL assumptions . The sched 
uled frequency domain resources are divided into a first 
frequency domain resource and a second frequency domain 
resource based on the PRG . In this case , the TCI state 1 and 
the TCI state 2 indicated by the TCI field may be interpreted 
as : The first frequency domain resource is associated with 
the TCI state 1 or a QCL assumption 1 indicated by the TCI 
state 1 , and the second frequency domain resource is asso 
ciated with the TCI state 2 or a QCL assumption 2 indicated 
by the TCI state 2. That is , for the receive end , when the TCI 
field indicates two TCI states , it can be learned , based on a 
predefined correspondence between the two TCI states and 
the frequency domain resources , that the first frequency 
domain resource is associated with the TCI state 1 or the 
QCL assumption 1 indicated by the TCI state 1 , and the 
second frequency domain resource is associated with the 
TCI state 2 or the QCL assumption 2 indicated by the TCI 
state 2. In this case , the receive end may receive , based on 
the QCL assumption 1 , a target reference signal , data , and 
the like that are carried on the first frequency domain 
resource . The receive end may receive , based on the QCL 
assumption 2 , a target reference signal , data , and the like that 
are carried on the second frequency domain resource . 

[ 0208 ] In the multipoint coordination transmission sce 
nario , that the scheduled frequency domain resources are 
divided based on the PRG may include : 
[ 0209 ] When the PRG indication is a wideband , the first 
( which may also be referred to as the smallest index number ) 
[ NRB / 2 ] RBs in the scheduled frequency domain resources 
( including a total quantity NRB of RBs ) are a frequency 
domain resource used by one transmission node , that is , the 
receive end receives , by using the QCL assumption 1 , data , 
a target reference signal , and the like that are carried on the 
frequency domain resource ; and the remaining ( NR / 2 ] RBs 
in the scheduled frequency domain resources are a fre 
quency domain resource used by the other transmission 
node , that is , the receive end receives , by using the QCL 
assumption 2 , data , a target reference signal , and the like that 
are carried on the frequency domain resource . 
[ 0210 ] When the PRG indication is 2 or 4 , a frequency 
domain resource corresponding to a PRG with an even index 
number is a frequency domain resource used by one trans 
mission node , that is , the receive end receives , by using the 
QCL assumption 1 or the QCL assumption 2 , data , a target 
reference signal , and the like that are carried on the fre 
quency domain resource ; and a frequency domain resource 
corresponding to a PRG with an odd index number is a 
frequency domain resource used by the other transmission 
node , that is , the receive end receives , by using the QCL 
assumption 2 or the QCL assumption 1 , data , a target 
reference signal , and the like that are carried on the fre 
quency domain resource . 
[ 0211 ] For example , as shown in FIG . 4 , assuming that a 
quantity NRB of scheduled frequency domain resources ( that 
is , a quantity of scheduled RBs ) is equal to 8 , and the PRG 
indication is a wideband , the first four RBs are one PRG , 
which is denoted as a PRG 0 , and the last four RBs are one 
PRG , which is denoted as a PRG 1. Assuming that the TCI 
field indicates two QCL assumptions , which are the QCL 
assumption 1 and the QCL assumption 2 respectively , a 
frequency domain resource corresponding to the PRG O is 
associated with the QCL assumption 1 , and a frequency 
domain resource corresponding to the PRG 1 is associated 
with the QCL assumption 2. It may be simply denoted as that 
the PRG 0 is associated with the QCL assumption 1 , and the 
PRG 1 is associated with the QCL assumption 2. As shown 
in FIG . 4 , a frequency domain resource indicated by a 
gray - filled box is associated with the QCL assumption 1 , and 
a frequency domain resource indicated by a white - filled box 
is associated with the QCL assumption 2. In this specifica 
tion , the first refers to an RB with the earlier index number 
in the scheduled frequency domain resources , and corre 
spondingly , the last refers to an RB with the later index 
number in the scheduled frequency domain resources . 
[ 0212 ] Optionally , the first frequency domain resource and 
the second frequency domain resource are used to carry a 
PDSCH or a physical uplink shared channel ( PUSCH ) . 
[ 0213 ] Optionally , when the first frequency domain 
resource and the second frequency domain resource are used 
to carry the PUSCH , the QCL assumption includes only a 
type D. 
[ 0214 ] Second : Reference Signal Transmission Method 1 
on a Frequency Domain Resource 
[ 0215 ] As described above , a frequency domain resource 
occupied by a target reference signal in scheduled frequency 
domain resources ( which may also be referred to as a 
scheduled bandwidth ) or a frequency domain resource that 
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carries the target reference signal may be determined based 
on a frequency domain density K and a reference frequency 
domain resource block . 
[ 0216 ] For example , currently , the frequency domain den 
sity K of a PTRS is determined based on a quantity Nro of 
scheduled RBs . The frequency domain density of the PTRS 
varies with a value of NRB . As shown in Table 2 , NRBO , NRbi , 
and NRB2 are preset values ( which are values that are 
configured by a network device side to UE by using RRC 
signaling based on a value reported by the UE ) . For 
example , when NRB is located between NRBO and NRB1 , the 
frequency domain density is 2 , indicating that one RB in 
every two RBs may be used to carry the PTRS , or a 
frequency domain resource determined at an interval of two 
RBs is used to carry the PTRS . When NRB is greater than 
NRB1 , the frequency domain density is 4 , indicating that one 
RB in every four RBs may be used to carry the PTRS , or a 
frequency domain resource determined at an interval of four 
RBs is used to carry the PTRS . 
[ 0217 ] One RB in every K RBs may be used to carry the 
PTRS , and a specific RB in the K RBs that is used to carry 
the PTRS may be determined based on a reference RB . For 
example , a ranking of the reference RB in the K RBs with 
the smallest index number in the scheduled bandwidth is 
denoted as kreft . K RBs form one group that is denoted as 
an ith group , where i = 0 , 1 , 2 , ... , until an RB position 
determined according to the following formula exceeds an 
RB position occupied by a PDSCH . In this case , an offset 
between a position of the RB carrying the PTRS in the ith 
group and a position of the reference RB is i * K , which may 
also be determined according to the following formula : 

, 

2 

[ 0219 ] It can be learned from Table 2 , a higher scheduled 
bandwidth indicates a larger frequency domain density K. It 
can be learned from the foregoing formula ( 1 ) that distri 
bution of PTRSs in the scheduled bandwidth is sparser . It is 
found that if the frequency domain density K is determined 
based on Nro described above , the distribution of the PTRSS 
on the frequency domain resource associated with each QCL 
assumption is very sparse , affecting estimation performance . 
[ 0220 ] As shown in FIG . 5 , an association relationship 
between an RB and a QCL assumption shown in FIG . 5 is 
the same as that in FIG . 4. Assuming that in FIG . 5 , the 
frequency domain density K determined based on NRB equal 
to 8 is equal to 4 , and the reference RB is the 1th RB in the 
four RBs , it may be determined , according to the formula 
( 1 ) , that RBs carrying the PTRSs are the 1st RB in the PRG 
O and the 1st RB in the PRG 1 respectively . It can be learned 
that the four RBs associated with each QCL assumption 
carry only one PTRS , that is , one subcarrier in only one RB 
carries the PTRS , and may be used for phase estimation . 
[ 0221 ] However , in a single - station transmission mode , 
that is , a QCL assumption 1 is indicated , a quantity of 
frequency domain resources associated with the QCL 
assumption is equal to 4 , that is , NRB is equal to 4 , and the 
determined frequency domain density K may be equal to 2 
( where smaller NRB indicates a smaller frequency domain 
density K ) . As shown in FIG . 6 , each RB carries one PTRS , 
which is equivalent to a fact that the four RBs all carry the 
PTRSs . It can be learned , by comparing FIG . 5 and FIG . 6 , 
that in the multipoint coordination transmission scenario , if 
a current reference signal transmission method is still used , 
PTRSs carried on frequency domain resources associated 
with the QCL assumption are very sparse , affecting phase 
estimation performance . 
[ 0222 ] To resolve the problem , this application provides a 
reference signal transmission method . A value close to a 
quantity of frequency domain resources corresponding to 
each QCL assumption may be used to determine a frequency 
domain density K , so that a large quantity of PTRSs are 
carried on the frequency domain resources corresponding to 
each QCL assumption , to improve phase estimation perfor 
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TABLE 2 

Frequency domain density of a PTRS 
mance . 

Scheduled bandwidth Frequency domain density K 
< NRB < NRBO 

NRBO S NRB < NRBI 
NRBI S NRB 

There is no PTRS 
2 
4 

RB 
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[ 0218 ] To enable channel parameter ( for example , a 
phase ) estimation to be performed on a frequency domain 
resource associated with each QCL assumption , the fre 
quency domain resource corresponding to each QCL 
assumption should be associated with a target reference 
signal port ( for example , a PTRS port ) , which may be 
understood as that target reference signal ports on frequency 
domain resources associated with different QCL assump 
tions are different target reference signal ports , or may be 
understood as that target reference signal ports on frequency 
domain resources associated with different QCL assump 
tions are a same reference signal port , but a QCL assumption 
corresponding to the target reference signal port on the 
frequency domain resources associated with different QCL 
assumptions is determined based on a QCL assumption 
associated with a frequency domain resource in which the 
target reference signal is located . 

[ 0223 ] As shown in FIG . 7 , the reference signal transmis 
sion method may include the following steps . 
[ 0224 ] 101 : A receive end determines a frequency domain 
density K of a target reference signal based on a quantity 
MRB of frequency domain resources . 
[ 0225 ] In an optional implementation , the quantity Mrs of 
frequency domain resources is greater than zero and less 
than NRb , and NRB is a quantity of scheduled frequency 
domain resources . It can be learned that MRB used when the 
frequency domain density K is determined in this imple 
mentation is less than NRB . Therefore , the determined fre 
quency domain density K is small . It can be learned by using 
a formula ( 1 ) that RBs carrying PTRSs are close , to help 
improve a density of carrying the PTRS . Further , when a 
quantity of scheduled RBs is small , a redundant PTRS can 
be avoided based on the reference signal transmission 
method in this application . 
[ 0226 ] In an optional implementation , MRB is equal to 
dividing Nro by Noc and performing a ceiling operation , or 
is equal to dividing NrB by Ngc and performing a floor 
operation , and Nocl is a total quantity of QCL assumptions 
associated with the scheduled frequency domain resources . 

RB 

RB 
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The total quantity is a quantity of TCI states or QCL 
assumptions indicated by a TCI field in DCI . 
[ 0227 ] Optionally , Nocl is 2 . 
[ 0228 ] Optionally , Noc is a quantity of TCI states indi 
cated by a TCI field in DCI . 
[ 0229 ] Optionally , Noc is a quantity of TCI states indi 
cated by a TCI field configured by using RRC signaling . 
[ 0230 ] Optionally , Mrs is equal to dividing NR8 by Nocl 
[ 0231 ] It should be noted that , the quantity of frequency 
domain resources in this specification is a quantity of 
frequency domain resource blocks included in the frequency 
domain resources . For example , the frequency domain 
resource block is an RB , that is , the quantity of frequency 
domain resources is a quantity of RBs included in the 
frequency domain resources . 
[ 0232 ] In another optional implementation , MRB is equal 
to a quantity of first frequency domain resources , or is equal 
to a quantity of second frequency domain resources . In other 
words , MRB is equal to a quantity of RBs of a frequency 
domain resource associated with one QCL assumption in all 
RBs occupied by a scheduled PDSCH . 
[ 0233 ] 102 : The receive end determines , based on the 
frequency domain density K , a third frequency domain 
resource that carries the target reference signal in the first 
frequency domain resource and a fourth frequency domain 
resource that carries the target reference signal in the second 
frequency domain resource . 
[ 0234 ] The scheduled frequency domain resources include 
the first frequency domain resource and the second fre 
quency domain resource . The first frequency domain 
resource is associated with a first quasi co - location QCL 
assumption , and the second frequency domain resource is 
associated with a second QCL assumption . 
[ 0235 ] In an optional implementation , that the receive end 
determines , based on the frequency domain density K , a 
third frequency domain resource that carries the target 
reference signal in the first frequency domain in step 102 
includes : mapping the PTRS once starting from a reference 
frequency domain resource block in the scheduled frequency 
domain esources at an interval of K frequency domain 
resource blocks , to obtain one or more frequency domain 
resource blocks ; and using one or more frequency domain 
resource blocks belonging to the first frequency domain 
resource in the one or more frequency domain resource 
blocks as the third frequency domain resource that carries 
the target reference signal . 
[ 0236 ] Correspondingly , that the receive end determines , 
based on the frequency domain density K , a fourth fre 
quency domain resource that carries the target reference 
signal in the second frequency domain resource includes : 
mapping the PTRS once starting from the reference fre 
quency domain resource block in the scheduled frequency 
domain resources at an interval of K frequency domain 
resource blocks , to obtain one or more frequency domain 
resource blocks ; and using one or more frequency domain 
resource blocks belonging to the second frequency domain 
resource in the one or more frequency domain resource 
blocks as the fourth frequency domain resource that carries 
the target reference signal . 
[ 0237 ] Optionally , that the receive end determines , based 
on the frequency domain density K , a frequency domain 
resource used to carry the target reference signal includes : 
mapping the PTRS once starting from the reference fre 
quency domain resource block in the scheduled frequency 

domain resources at an interval of K frequency domain 
resource blocks , to obtain one or more frequency domain 
resource blocks . If the frequency domain resource used to 
carry the target reference signal belongs to the first fre 
quency domain resource , the frequency domain resource is 
the third frequency domain resource . In addition , for a 
received QCL assumption of the carried target reference 
signal , refer to the first QCL assumption associated with the 
first frequency domain resource . If the frequency domain 
resource used to carry the target reference signal belongs to 
the second frequency domain resource , the frequency 
domain resource is the fourth frequency domain resource . In 
addition , for a received QCL assumption of the carried target 
reference signal , refer to the second QCL assumption asso 
ciated with the second frequency domain resource . 
[ 0238 ] For example , as shown in FIG . 8 , FIG . 8 shows the 
same association relationship between a PRG group and a 
QCL assumption and the same scheduled frequency domain 
resources as those in FIG . 5. MRB is equal to dividing NRB 
by Noct and performing a ceiling operation , that is , MRB is 
equal to 4. Because 4 is less than 8 , similar to FIG . 5 , if the 
frequency domain density is determined by using a preset 
value shown in Table 2 , the frequency domain density 
determined by using 4 may be less than the frequency 
domain density 4 determined by using 8. Therefore , it is 
assumed that the frequency domain density K determined 
based on MRB that is equal to 4 is equal to 2. Assuming that 
a reference RB in the 8 RBs is the 1st RB in a PRG 0 , the 
PTRS is mapped once at an interval of 2 RBs , and one or 
more obtained RBs are respectively the 1st RB and the 3rd 
RB in the PRG 0 , and the 1st RB and the 3rd RB in a PRG 
1. It can be learned that , in FIG . 8 , two RBs carry PTRSs on 
a frequency domain resource associated with each QCL 
assumption . Compared with FIG . 5 , a quantity of PTRSs 
carried on the frequency domain resource associated with 
each QCL assumption is increased , to help improve phase 
estimation performance . 
[ 0239 ] In another optional implementation , in step 102 , 
the third frequency domain resource and the fourth fre 
quency domain resource may be determined according to the 
foregoing formula ( 1 ) . 
[ 0240 ] kref RB in the formula ( 1 ) may be determined accord 
ing to the following formula : 

( 2 ) RB = nrnt?modK if ( if ) MrsmodK = 0 
nantimod ( MrsmodK ) otherwise ( otherwise ) 

[ 0241 ] ARNTI is a sequence value used for the DCI . 
[ 0242 ] Further , specific subcarriers that carry the PTRSs in 
the third frequency domain resource and the fourth fre 
quency domain resource may be determined according to the 
following formula : 

RB k = kRB + ( iK + kpl NSB = ( 3 ) SC 

[ 0243 ] A reference position of k is a start subcarrier 
position in the frequency domain resource block . In other 
words , if the start subcarrier position in the frequency 
domain resource block is a subcarrier 0 , k = 1 , indicating that 
a subcarrier that carries the PTRS in the frequency domain 
resource block is a subcarrier with an offset of 1 from the 
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subcarrier 0 , that is , a subcarrier 1. N. indicates a total 
quantity of subcarriers in one frequency domain resource 
block . 
[ 0244 ] In still another optional implementation , that the 
receive end determines , based on the frequency domain 
density K , a third frequency domain resource that carries the 
target reference signal in the first frequency domain in step 
102 includes : mapping the PTRS once starting from a 
reference frequency domain resource block in the first 
frequency domain resource at an interval of K frequency 
domain resource blocks , to obtain one or more frequency 
domain resource blocks as the third frequency domain 
resource that carries the target reference signal . 
[ 0245 ] That the receive end determines , based on the 
frequency domain density K , a fourth frequency domain 
resource that carries the target reference signal in the second 
frequency domain resource includes : mapping the PTRS 
once starting from a reference frequency domain resource 
block in the second frequency domain resource at an interval 
of K frequency domain resource blocks , to obtain one or 
more frequency domain resource blocks as the fourth fre 
quency domain resource that carries the target reference 
signal . 
[ 0246 ] For example , as shown in FIG . 8 , for the PRG 0 , it 
is assumed that a reference frequency domain resource block 
in the PRG O is the 1st RB . The PTRS is mapped once 
starting from the 154 RB at an interval of two RBs , and one 
or more obtained RBs are respectively the 1st RB and the 3rd 
RB in the PRG 0. Similarly , for the PRG 1 , an RB carrying 
the PTRS may also be determined in this implementation . 
[ 0247 ] In this implementation , when frequency domain 
resources associated with the QCL assumptions are not 
consecutive , this helps avoid a case in which some fre 
quency domain resources associated with the QCL assump 
tions do not carry the PTRS . 
[ 0248 ] In this implementation , the frequency domain 
resource that carries the PTRS may alternatively be deter 
mined by using the foregoing formulas ( 1 ) to ( 3 ) . 
[ 0249 ] For example , in FIG . 9A , it is assumed that N , is 
equal 16 , MRB is equal to 8 , and K determined based on 
MRB is 4 ; the PRG indication is 2 , and two RBs are a PRG 
group ; a PRG group with an even index number is associated 
with the QCL assumption 1 , and a PRG group with an odd 
index number is associated with the QCL assumption 2. In 
this case , an association relationship between each PRG 
group and each QCL assumption is that shown in FIG . 9A . 
A PRG indicated by using a gray - filled box is associated 
with the QCL assumption 1 , and a PTRS indicated by using 
a white - filled box is associated with the QCL assumption 2 . 
If the 1st RB in the 16 RBs is used as a reference RB , the 
PTRS is mapped once starting from the reference RB at an 
interval of four RBs , and obtained RBs carrying the PTRSs 
are respectively RBs or PRGs indicated by using gray 
grid - filled boxes shown in FIG . 9A . 
[ 0250 ] It can be learned that the frequency domain 
resource associated with the QCL assumption 2 does not 
carry the PTRS . Therefore , for this case , both a transmit end 
and the receive end may determine , by using the mapping 
manner described in the foregoing implementation , the RB 
that carries the PTRS . For example , as shown in FIG.9B , an 
assumption case in FIG . 9B is the same as that in FIG . 9A . 
A difference is that , in FIG . 9B , an RB carrying the PTRS 
is first determined for a frequency domain resource associ 
ated with the QCL assumption 1 , and then an RB carrying 

the PTRS is determined for a frequency domain resource 
associated with the QCL assumption 2. In this way , the 
PTRS distribution shown in FIG . 9B may be obtained , so 
that a frequency domain resource associated with each QCL 
assumption carries the PTRS . 
[ 0251 ] 103 : The receive end receives the target reference 
signal by using the first quasi co - location QCL assumption 
on the third frequency domain resource , and receives the 
target reference signal by using the second quasi co - location 
QCL assumption on the fourth frequency domain resource . 
[ 0252 ] The target reference signal carried on the third 
frequency domain resource is associated with a DMRS 
carried on the first frequency domain resource . Alternatively , 
a target reference signal port ( for example , a PTRS port ) 
corresponding to the target reference signal carried on the 
third frequency domain resource is associated with a DMRS 
port corresponding to a DMRS carried on the first frequency 
domain resource . The receive end may obtain the first QCL 
assumption through measurement on the DMRS carried on 
the third frequency domain resource , for example , a QCL 
assumption type A , type B , or type D to receive the PTRS . 
The receive end may further perform phase estimation by 
using the PTRS carried on the third frequency domain 
resource , and receive , by using a phase estimation result and 
the first QCL assumption , data and the DMRS that are 
carried on the first frequency domain resource . 
[ 0253 ] Alternatively , the receive end may further assist 
DMRS estimation by using a phase estimation result 
obtained by using the PTRS . For example , assuming that the 
target reference signal carried on the third frequency domain 
resource corresponds to a target reference signal port ( for 
example , a PTRS port ) 0 , and the DMRS carried on the first 
frequency domain resource corresponds to a DMRS port 0 , 
the target reference signal port ( for example , the PTRS port ) 
O is associated with the DMRS port 0 , indicating that QCL 
types A and QCL types D used by the target reference signal 
port ( for example , the PTRS port ) O and the DMRS port 0 
are the same , and an estimation result of the PTRS corre 
sponding to the target reference signal port ( for example , the 
PTRS port ) 0 may be used to adjust QCL types B used by 
the DMRS port 0 . 
[ 0254 ] The target reference signal carried on the fourth 
frequency domain resource is associated with a DMRS 
carried on the second frequency domain resource . Alterna 
tively , a target reference signal port ( for example , a PTRS 
port ) corresponding to the target reference signal carried on 
the fourth frequency domain resource is associated with a 
DMRS port corresponding to a DMRS carried on the second 
frequency domain resource . The receive end may obtain the 
second QCL assumption through measurement on the 
DMRS carried on the fourth frequency domain resource , for 
example , a QCL assumption type A , type B , or type D to 
receive the PTRS . The receive end may further perform 
phase or phase estimation by using the PTRS carried on the 
fourth frequency domain resource , and receive , by using a 
phase estimation result and the second QCL assumption , 
data and the DMRS that are carried on the second frequency 
domain resource . 
[ 0255 ] Alternatively , the receive end may further assist 
DMRS estimation by using a phase estimation result 
obtained by using the PTRS . For example , assuming that the 
target reference signal carried on the fourth frequency 
domain resource corresponds to a target reference signal 
port ( for example , a PTRS port ) 1 , and the DMRS carried on 
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the first frequency domain resource corresponds to a DMRS 
port 1 , the target reference signal port ( for example , the 
PTRS port ) 1 is associated with the DMRS port 1 , indicating 
that QCL types A and QCL types D used by the target 
reference signal port ( for example , the PTRS port ) 1 and the 
DMRS port 1 are the same , and an estimation result of a 
channel parameter ( for example , a phase ) of the target 
reference signal corresponding to the target reference signal 
port ( for example , the PTRS port ) 1 may be used to adjust 
a channel parameter used by the DMRS port 1 . 
[ 0256 ] In conclusion , in the reference signal transmission 
method shown in FIG . 7 , the frequency domain density K is 
determined by using a frequency domain resource less than 
NR so that phase estimation performance can be improved . 
[ 0257 ] In still another optional embodiment , for an imple 
mentation in which the target reference signal is separately 
mapped to the first frequency domain resource and the 
second frequency domain resource in step 102 , that is , an 
implementation in which the target reference signal corre 
sponding to the target reference signal port ( for example , the 
PTRS port ) 0 is carried only on an RB corresponding to the 
target reference signal port ( for example , the PTRS port ) 0 , 
and the target reference signal ( for example , the PTRS ) 
corresponding to the target reference signal port ( for 
example , the PTRS port ) 1 is carried only on an RB 
corresponding to the target reference signal port ( for 
example , the PTRS port ) 1 , in step 101 , a frequency domain 
density K1 of the first frequency domain resource and a 
frequency domain density K2 of the second frequency 
domain resource may also be respectively determined . 
[ 0258 ] For example , when the PRG indication is a wide 
band , the first [ NRB / 2 ] RBs are used to determine the 
frequency domain density K1 of the PTRS corresponding to 
the PTRS port 0 , and the remaining ( NRB / 2 ] RBs are used 
to determine the frequency domain density K2 of the PTRS 
corresponding to the PTRS port 1. Because quantities of 
frequency domain resources associated with various QCL 
assumptions are not necessarily strictly equal , frequency 
domain densities of two PTRS ports may be different . The 
PTRS corresponding to the PTRS port 0 is mapped only to 
the first ( NR / 2 ] RBs ( where the first ( NR / 2 ] RBs are 
associated with the QCL assumption 1 ) , and the PTRS 
corresponding to the PTRS port 1 is mapped only to the 
remaining ( NRB / 2 ] RBs ( where the remaining ( NRB / 2 ] RBs 
are associated with the QCL assumption 2 ) . The PTRS 
corresponding to the PTRS port 0 is mapped once on the first 
[ NRB / 2 ] RBs at an interval of K1 RBs , and the PTRS 
corresponding to the PTRS port 1 is mapped once on 
remaining ( NRB / 2 ] RBs at an interval of K2 RBs . 
[ 0259 ] For another example , when the PRG indication is 
2 or 4 , a quantity of RBs of all PRGs with even index 
numbers is used to determine the frequency domain density 
K1 of the PTRS corresponding to the PTRS port 0 , and a 
quantity of RBs of all PRGs with odd index numbers is used 
to determine the frequency domain density K2 of the PTRS 
corresponding to the PTRS port 1. The PTRS corresponding 
to the PTRS port 0 is mapped only to all the PRGs with the 
even index numbers ( where all the PRGs with the even index 
numbers are associated with the QCL assumption 1 ) . The 
PTRS corresponding to the PTRS port 1 is mapped only to 
all the PRGs with the odd index numbers ( where all the 
PRGs with the odd index numbers are associated with the 
QCL assumption 2 ) . The PTRS corresponding to the PTRS 
port 0 is mapped once on even PRGs at an interval of K1 

RBs , and the PTRS corresponding to the PTRS port 1 is 
mapped once on odd PRGs at an interval of K2 RBs . 
[ 0260 ] Third : Reference Signal Transmission Method 2 on 
a Frequency Domain Resource 
[ 0261 ] In a multipoint coordination transmission scenario , 
different QCL assumptions may be used to receive corre 
sponding data and DMRSs on different frequency domain 
resources . However , in view of a QCL assumption for 
receiving a PTRS , in addition to the case in which the PTRS 
is also received by using different QCL assumptions 
described in the transmission method 1 ( where the PTRS 
may be received by a single port , but QCL assumptions on 
different frequency domain resources are different ; or the 
PTRS may be received by a plurality of ports , and QCL 
assumptions of different ports are different ) , the PTRS may 
alternatively be limited to being received by using only one 
QCL assumption . In this case , problems such as a processing 
capability of UE and resource overheads occupied by RSS 
are mainly considered . In this case , a QCL assumption used 
for the PTRS and an association relationship between the 
PTRS and a DMRS also become an urgent problem to be 
resolved . Therefore , this application further provides a ref 
erence signal transmission method . The reference signal 
transmission method may be used in a case in which a target 
reference signal port uses only one QCL assumption for 
receiving 
[ 0262 ] Manner 1 
[ 0263 ] The target reference signal port ( for example , a 
PTRS port ) may be associated with one of a plurality of 
QCL assumptions indicated by DCI . That is , the QCL 
assumption is used to receive the target reference signal on 
the target reference signal port . 
[ 0264 ] The foregoing association relationship may be pre 
defined , that is , when a plurality of QCL assumptions are 
indicated in DCI or RRC signaling , the 1st QCL assumption 
is used as the QCL assumption of the PTRS by default , or 
the 2nd QCL assumption is used as the QCL assumption of 
the PTRS by default . 
[ 0265 ] Optionally , the target reference signal port ( for 
example , the PTRS port ) may be carried on a frequency 
domain resource corresponding to the QCL assumption 
associated with the target reference signal port . 
[ 0266 ] In other words , in a case , an example in which the 
PTRS port is associated with a first QCL assumption is used . 
A receive end only needs to determine a third frequency 
domain resource that carries the PTRS in a first frequency 
domain resource . Correspondingly , the receive end only 
needs to receive , by using the first QCL assumption , the 
PTRS carried on the third frequency domain resource . In 
another case , an example in which the PTRS port is asso 
ciated with a second QCL assumption is used . A receive end 
only needs to determine a fourth frequency domain resource 
that carries the PTRS in a second frequency domain 
resource . Correspondingly , the receive end only needs to 
receive , by using the second QCL assumption , the PTRS 
carried on the fourth frequency domain resource . In FIG . 10 , 
the first case is used as an example for description . 
[ 0267 ] Optionally , the PTRS port may be associated with ] 
a DMRS port corresponding to a QCL assumption . 
[ 0268 ] Optionally , QCL assumptions of the PTRS port and 
the associated DMRS port are the same . Specifically , the 
QCL assumption includes one or more of QCL assumptions 
type A , type B , and type D. 
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[ 0269 ] Optionally , QCL assumptions of the PTRS port and 
an unassociated DMRS port are different , that is , a QCL 
assumption of the unassociated DMRS port is different from 
a QCL assumption of the PTRS port . In this case , the QCL 
assumptions type B of the PTRS port and the unassociated 
DMRS port are the same . In other words , DMRS ports using 
a plurality of QCL assumptions share the PTRS port , or 
DMRSs in all scheduling bandwidths share the PTRS . 
[ 0270 ] As shown in FIG . 10 , the target reference signal 
transmission method may include the following steps . 
[ 0271 ] 201 : A receive end determines a frequency domain 
density K of a target reference signal based on a quantity 
MRB of frequency domain resources . 
[ 0272 ] MRB may be equal to a quantity of frequency 
domain resources associated with a QCL assumption , is 
equal to NRB divided by Neck and performing a ceiling 
operation , or is equal to Nro divided by Nocl and perform 
ing a floor operation . NRB is a quantity of scheduled fre 
quency domain resources . Nocu is a total quantity of QCL 
assumptions associated with the scheduled frequency 
domain resources . 
[ 0273 ] 202 : The receive end determines , based on the 
frequency domain density K , a third frequency domain 
resource that carries the target reference signal in a first 
frequency domain resource . 
[ 0274 ] In an optional implementation , that the receive end 
determines , based on the frequency domain density K , a 
third frequency domain resource that carries the target 
reference signal in a first frequency domain includes : map 
ping a PTRS once starting from a reference frequency 
domain resource block in the first frequency domain 
resource at an interval of K frequency domain resource 
blocks , to obtain one or more frequency domain resource 
blocks as the third frequency domain resource that carries 
the target reference signal . 
[ 0275 ] Optionally , the frequency domain resource that 
carries the PTRS may alternatively be determined by using 
the foregoing formulas ( 1 ) to ( 3 ) . It should be noted that , in 
this case , a maximum value of i in the formulas ( 1 ) and 
formula ( 2 ) is determined based on a quantity of first 
frequency domain resources . 
[ 0276 ] 203 : The receive end receives the target reference 
signal by using a first quasi co - location QCL assumption on 
the third frequency domain resource . 
[ 0277 ] The scheduled frequency domain resources include 
the first frequency domain resource and a second frequency 
domain resource . The first frequency domain resource is 
associated with the first quasi co - location QCL assumption , 
and the second frequency domain resource is associated with 
a second QCL umption . 
[ 0278 ] It can be learned that , compared with the embodi 
ment shown in FIG . 7 , steps 201 to 203 in this embodiment 
are respectively parts in steps 101 to 103. Therefore , for 
related descriptions of steps 201 to 203 , refer to related 
content in the foregoing second part . Details are not 
described herein again . 
[ 0279 ] For example , when a PRG indication is a wide 
band , a PTRS port determines , starting from a reference RB 
in the first [ NRB / 2 ] RBs by using a QCL assumption 
associated with the first [ NRB / 2 ] RBs in a manner of 
mapping the PTRS once at an interval of K RBs , the 
frequency domain resource that carries the PTRS . In this 
case , may be understood that the PTRS port is associated 
with a DMRS port on the first ( NRB / 2 ] RBs . 

[ 0280 ] That is , QCL assumptions type A and / or type D of 
the PTRS port and the DMRS port are the same , but the 
PTRS is not associated with a DMRS port located on 
remaining RBs . That is , a QCL type B of the PTRS is only 
the same as a QCL type B of the DMRS port . For another 
example , a PRG indication is 2 or 4. Assuming that the 
PTRS port is associated with a QCL assumption correspond 
ing to a PRG with an even index number , the frequency 
domain resource that carries the PTRS is determined starting 
from a reference RB in all PRGs with even index numbers 
in a manner of mapping the PTRS once at an interval of K 
RBs . For a quantity of RBs of all the PRGs with the even 
index numbers , mapping is performed once at an interval of 
KRBs . In this case , it may be understood that the PTRS port 
is associated with a DMRS port located on an even PRG , 
that is , QCL assumptions type A and / or type D of the PTRS 
port and the DMRS port are the same , but the PTRS is not 
associated with a DMRS port located on an odd PRG . That 
is , a QCL type B of the PTRS is only the same as a QCL type 
B of the DMRS port . 
[ 0281 ] For example , the frequency domain densities in 
FIG . 11 and FIG . 8 are the same . It is assumed that a PTRS 
port 0 is configured and the PTRS port 0 is associated with 
a QCL assumption 1. Assuming that a reference RB in all 
PRGs with even index numbers associated with the QCL 
assumption 1 is the 1st RB , based on the reference signal 
transmission method described in FIG . 10 , it may be deter 
mined that an RB carrying the PTRS is an RB indicated by 
a gray grid - filled box in FIG . 11. Correspondingly , the 
receive end may receive the PTRS on these RBs by using the 
QCL assumption 1. It can be learned that a frequency 
domain resource associated with a QCL assumption 2 does 
not carry the PTRS . It can be learned that the target reference 
signal transmission method can specify a transmission rule 
of the PTRS , to avoid a problem that transmission perfor 
mance is affected due to an unclear rule . 
[ 0282 ] Manner 2 
[ 0283 ] For a case in which the target reference signal port 
is received by using only one QCL assumption , this appli 
cation further provides a target reference signal ( for 
example , a PTRS ) transmission method . The target refer 
ence signal ( for example , the PTRS ) transmission method is 
different from the implementation in the manner 1. In the 
reference signal transmission method of the manner 2 , a 
manner of mapping the target reference signal is determined 
based on all scheduling bandwidths , that is , both a frequency 
domain density and a mapping manner are determined based 
on all the scheduling bandwidths . 
[ 0284 ] Optionally , a PTRS port may be associated with a 
DMRS port corresponding to a QCL assumption . 
[ 0285 ] Optionally , QCL assumptions of the PTRS port and 
the associated DMRS port are the same . Specifically , the 
QCL assumption includes one or more of QCL assumptions 
type A , type B , and type D. 
[ 0286 ] Optionally , QCL assumptions of the PTRS port and 
an unassociated DMRS port are different , that is , a QCL 
assumption of the unassociated DMRS port is different from 
a QCL assumption of the PTRS port . In this case , the QCL 
assumptions type B of the PTRS port and the unassociated 
DMRS port are the same . In other words , DMRS ports using 
a plurality of QCL assumptions share the PTRS port , or 
DMRSs in all scheduling bandwidths share the PTRS . 
[ 0287 ] Optionally , in the reference signal transmission 
method , for determining the frequency domain density K , 
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refer to related content of 101 in FIG . 7. For determining the 
frequency domain resource that carries the target reference 
signal , refer to related content of 102 in FIG . 7. Different 
from the operation of 103 in FIG . 7 , in the reference signal 
transmission method , the receive end may receive , based on 
a first QCL assumption or a second QCL assumption , the 
target reference signals ( for example , the PTRSs ) carried on 
a third frequency domain resource and a fourth frequency 
domain resource . Optionally , the receive end may use a 
channel parameter ( for example , a frequency offset ) estima 
tion result of the target reference signal ( for example , the 
PTRS ) to adjust a channel parameter ( for example , a QCL 
type - B ) in the first QCL assumption and / or the second QCL 
assumption . 
[ 0288 ] In conclusion , when one target reference signal 
port ( for example , a PTRS port ) is configured , in the manner 
1 and the manner 2 , signaling may be used to indicate , to the 
receive end , a specific manner of receiving the target refer 
ence signal ( for example , the PTRS ) . For example , when a 
QCL assumption used for a DMRS does not include the type 
D or includes only the QCL type B , the PTRS is sent in the 
PTRS mapping manner corresponding to the manner 2 ; 
otherwise , the PTRS is sent in the PTRS mapping manner 
corresponding to the manner 1 . 
[ 0289 ] Optionally , when a quantity of configured PTRS 
ports is 1 , the PTRS is sent in the PTRS mapping manner 
corresponding to the manner 1 ; when a quantity of config 
ured PTRS ports is 2 , the PTRS is sent in the PTRS mapping 
manner corresponding to the manner 2 . 
[ 0290 ] In addition , when one target reference signal port 
( for example , the PTRS port ) is configured , in the reference 
signal transmission method in the manner 1 , it can be 
ensured that channel parameter ( for example , a frequency 
offset ) estimation of a QCL assumption is accurate , and low 
signaling overheads are kept ; in the reference signal trans 
mission method in the manner 2 , it can be ensured that each 
QCL assumption has channel parameter ( for example , a 
frequency offset ) estimation , and a same target reference 
signal port ( for example , the PTRS port ) is shared , to reduce 
signaling overheads and complexity of the channel param 
eter ( for example , the frequency offset ) estimation . This 
avoids a case in which in a current multipoint coordination 
transmission scenario , one target reference signal port ( for 
example , the PTRS port ) is configured , resulting in an 
unclear rule of how to associate the target reference signal 
( for example , the PTRS ) with two QCL assumptions , further 
causing an inaccurate channel parameter ( for example , the 
frequency offset ) estimation result at the receive end . 
[ 0291 ] In still another possible implementation , in the 
multipoint coordination transmission scenario , different 
QCL assumptions may be used on a same time - frequency 
domain resource to receive corresponding data and DMRSs , 
and data and a DMRS that correspond to each QCL assump 
tion correspond to one different port , or each QCL assump 
tion corresponds to a CDM group of DMRSs . For example , 
a DMRS port 0 or DMRS ports 0 and 1 ( a CDM group 1 ) 
corresponds / correspond to a QCL assumption 1 , a DMRS 
port 2 or DMRS ports 2 and 3 ( a CDM group 2 ) corresponds / 
correspond to a QCL assumption 2. The PTRS on the 
time - frequency domain resource is limited to be received by 
using one QCL assumption , that is , one port is configured for 
the PTRS . In this case , problems such as a processing 
capability of UE and resource overheads occupied by RSS 
are considered . In this case , a QCL assumption used for the 

PTRS and an association relationship between the PTRS and 
a DMRS also become an urgent problem to be resolved . 
[ 0292 ] The target reference signal port ( for example , a 
PTRS port ) may be associated with one of a plurality of 
QCL assumptions indicated by DCI . That is , the QCL 
assumption is used to receive the target reference signal on 
the target reference signal port . 
[ 0293 ] The foregoing association relationship may be pre 
defined , that is , when a plurality of QCL assumptions are 
indicated in DCI or RRC signaling , the 1st QCL assumption 
is used as the QCL assumption of the PTRS by default , or 
the 2nd QCL assumption is used as the QCL assumption of 
the PTRS by default . 
[ 0294 ] Optionally , a PTRS port may be associated with a 
DMRS port corresponding to a QCL assumption . 
[ 0295 ] Optionally , QCL assumptions of the PTRS port and 
the associated DMRS port are the same . Specifically , the 
QCL assumption includes one or more of QCL assumptions 
type A , type B , and type D. 
[ 0296 ] Optionally , QCL assumptions of the PTRS port and 
an unassociated DMRS port are different , that is , a QCL 
assumption of the unassociated DMRS port is different from 
a QCL assumption of the PTRS port . In this case , the QCL 
assumptions type B of the PTRS port and the unassociated 
DMRS port are the same . In other words , DMRS ports using 
a plurality of QCL assumptions share the PTRS port . 
[ 0297 ] As shown in FIG . 12 , the reference signal trans 
mission method may include the following steps . 
[ 0298 ] 301 : A receive end receives TCI indication signal 
ing , where the TCI indication signaling indicates a plurality 
of QCL assumptions ( TCI states ) . 
[ 0299 ] The plurality of QCL assumptions ( TCI states ) 
each correspond to one CDM group of DMRSs . For 
example , a CDM group 1 of DMRSs uses a QCL assumption 
1 for receiving , and a CDM group 2 of DMRSs uses a QCL 
assumption 2 for receiving . 
[ 0300 ] 302 : The receive end determines , according to a 
predefined rule , a QCL assumption used for a PTRS . 
[ 0301 ] The 1st QCL assumption or the last QCL assump 
tion in the plurality of QCL assumptions may be used for the 
PTRS . 
[ 0302 ] Optionally , the PTRS is associated with a DMRS 
port in a default CDM group . For example , the PTRS is 
associated with a DMRS port in the 1st CDM group that is 
indicated , or the PTRS is associated with a DMRS port in the 
last CDM group that is indicated . The PTRS port and the 
associated DMRS port have a same QCL assumption type A 
and / or type D. 
[ 0303 ] Optionally , the PTRS port and an unassociated 
DMRS port have a same QCL assumption type B. 
[ 0304 ] 303 : The receive end receives the PTRS based on 
the QCL assumption used for the PTRS . 
[ 0305 ] It can be learned that in the reference signal trans 
mission method , when frequency domain resources used for 
multipoint coordination transmission are the same , a PTRS 
transmission method can be determined , to improve channel 
estimation performance . 
[ 0306 ] Fourth : Reference Signal Transmission Method on 
a Time Domain Resource 
[ 0307 ] To enable frequency offset estimation to be per 
formed on a time domain resource associated with each 
QCL assumption , the time domain resource corresponding 
to each QCL assumption should be associated with a target 
reference signal port ( for example , a PTRS port ) , to assist a 
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[ 0315 ] In this embodiment of this application , the modu 
lation and coding scheme information may be one of a 
modulation and coding scheme index Imcs , a modulation 
order Qm , a target code rate Rx , spectral efficiency , and the 
like . 
[ 0316 ] For example , the modulation and coding scheme 
information is a modulation and coding scheme index Imcs : 
That a receive end determines a time domain density L of a 
target reference signal based on modulation and coding 
scheme MCS information in step 401 may be : determining , 
by using a preset value shown in Table 3 ( for example , 
ptrs - MCS ,, ptrs - MCS2 , ptrs - MCS3 , or ptrs - MCS . ) , an inter 
val in which Imcs is located , and further determining the 
time domain density L. 

a 

1 

TABLE 3 

Time domain density L of a PTRS 

Imcs Time domain density L 

Imcs < ptrs - MCS , 
ptrs - MCS , s IMCS < ptrs - MCS2 
ptrs - MCS2 s IMCs < ptrs - MCS3 
ptrs - MCS3 IMCs < ptrs - MCS4 

There is no PTRS 
4 
2 
1 

DMRS carried on the time domain resource in performing 
channel estimation , and improve channel estimation perfor 
mance . Therefore , for the foregoing multipoint coordination 
transmission scenario , two target reference signal ports ( for 
example , PTRS ports ) may be configured , and one target 
reference signal port ( for example , a PTRS port ) is associ 
ated with a QCL assumption used for data and a DMRS that 
are transmitted by one transmission node . For example , a 
target reference signal port ( for example , a PTRS port ) O is 
associated with a QCL assumption 1 , and a target reference 
signal port ( for example , a PTRS port ) 2 is associated with 
a QCL assumption 2 . 
[ 0308 ] When each transmission reception point uses a 
different time domain resource to deliver data and a DMRS 
in the multipoint coordination scenario , that is , scheduled 
time domain resources include at least two time domain 
resources ( that is , at least two time periods ) in time domain , 
each time domain resource corresponds to one or more 
OFDM symbols , any two time domain resources do not 
overlap in time domain , and each time domain resource may 
be associated with a different QCL assumption . To enable 
independent channel parameter ( for example , a frequency 
offset ) estimation to be performed on time domain resources 
associated with different QCL assumptions , each time 
domain resource needs to carry a target reference signal ( for 
example , a PTRS ) . Therefore , this application further pro 
vides a reference signal transmission method on a time 
domain resource . 
[ 0309 ] As shown in FIG . 13 , the reference signal trans 
mission method includes the following steps . 
[ 0310 ] 401 : A receive end determines a time domain 
density L of a target reference signal based on modulation 
and coding scheme MCS information . 
[ 0311 ] 402 : The receive end maps the target reference 
signal once starting from a reference time domain resource 
block in a first time domain resource at an interval of L time 
domain resource blocks , to obtain a third time domain 
resource that carries the target reference signal ; and maps the 
target reference signal once starting from a reference time 
domain resource block in a second time domain resource at 
an interval of L time domain resource blocks , to obtain a 
fourth time domain resource that carries the target reference signal . 
[ 0312 ] 403 : The receive end receives , by using a first QCL 
assumption , the target reference signal carried on the third 
time domain resource , and receives , by using a second QCL 
assumption , the target reference signal carried on the fourth 
time domain resource . 
[ 0313 ] The MCS information is used to indicate informa 
tion such as a modulation and coding scheme of scheduled 
time domain resources . The scheduled time domain 
resources include the first time domain resource and the 
second time domain resource . The first time domain 
resource is associated with the first QCL assumption , and the 
second time domain resource is associated with the second 
QCL assumption . 
[ 0314 ] A target reference signal port corresponding to the 
target reference signal carried on the third time domain 
resource is associated with a DMRS port corresponding to a 
DMRS carried on the first time domain resource . A target 
reference signal port corresponding to the target reference 
signal carried on the fourth time domain resource is asso 
ciated with a DMRS port corresponding to a DMRS carried 
on the second time domain resource . 

[ 0317 ] A specific determining manner of step 402 is 
described by using FIG . 14 as an example . As shown in FIG . 
14 , the first time domain resource is the 1st symbol to the 5th 
symbol in a slot , that is , the symbols indicated by using 
gray - filled boxes . The second time domain resource is the 
6th symbol to the 10th symbol in the slot , that is , the symbols 
indicated by using white - filled boxes . In addition , the first 
time domain resource is associated with a QCL assumption 
1 , and the second time domain resource is associated with a 
QCL assumption 2. Assuming that the determined time 
domain density L is equal to 2 , a symbol that carries a 
DMRS in the first time domain resource is the 1st symbol in 
the slot , and a symbol that carries a DMRS in the second 
time domain resource is the 6th symbol in the slot , the 
reference time domain resource block in the first time 
domain resource may be the 2nd symbol in the slot , and the 
reference time domain resource block in the second time 
domain resource may be the 7th symbol in the slot . There 
fore , a PTRS is mapped once starting from the 2nd symbol 
at an interval of L ( 2 ) symbols in the first time domain 
resource , and determined symbols that carry the PTRS are 
respectively the 2nd symbol and the 4th symbol in the slot ; a 
PTRS is mapped once starting from the 7th symbol at an 
interval of L ( 2 ) symbols in the second time domain resource , 
and determined symbols that carry the PTRS are respec 
tively the 7th symbol and the 9th symbol in the slot . The 
symbols that carry the PTRS are symbols indicated by using 
gray grid - filled boxes in FIG . 14 . 
[ 0318 ] In step 403 , after receiving , by using the first QCL 
assumption , the target reference signal carried on the third 
time domain resource , the receive end may receive , by using 
a channel parameter ( for example , a frequency offset ) esti 
mation result of the target reference signal ( for example , the 
PTRS ) and the first QCL assumption , data and the DMRS 
that are carried on the first time domain resource . Corre 
spondingly , after receiving , by using the second QCL 
assumption , the target reference signal carried on the fourth 
time domain resource , the receive end may receive , by using 
a channel parameter ( for example , a frequency offset ) esti 
mation result of the target reference signal ( for example , the 
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PTRS ) and the second QCL assumption , data and the DMRS 
that are carried on the second time domain resource . 
[ 0319 ] It can be learned that in the reference signal trans 
mission method shown in FIG . 12 , in a multipoint coordi 
nation transmission scenario , when various transmission 
reception points of a shared channel with coordinated trans 
mission use different time domain resources and two target 
reference signal ports ( for example , PTRS ports ) are con 
figured , the target reference signal ( for example , the PTRS ) 
can be transmitted , so that channel parameter ( for example , 
the frequency offset ) estimation can be performed on a time 
domain resource associated with each QCL assumption , 
thereby improving reception performance . 
[ 0320 ] In addition , in the multipoint coordination trans 
mission scenario , when various transmission reception 
points of a shared channel with coordinated transmission use 
different time domain resources or a same time domain 
resource , but one target reference signal port ( for example , 
a PTRS port ) is configured , this application further provides 
a reference signal transmission method . In the reference 
signal transmission method , a receive end may perform step 
301 , perform some operations in step 302 , and perform some 
operations in step 303 . 
[ 0321 ] Some operations in step 402 are as follows . 
[ 0322 ] The receive end maps a PTRS once starting from a 
reference time domain resource block at an interval of L time 
domain resource blocks in a first time domain resource , to 
obtain a third time domain resource that carries the PTRS ; 
or maps a PTRS once starting from a reference time domain 
resource block at an interval of L time domain resource 
blocks in a second time domain resource , to obtain a fourth 
time domain resource that carries the PTRS . 
[ 0323 ] Some operations in step 403 are as follows . 
[ 0324 ] The receive end receives , by using a first QCL 
assumption , the target reference signal carried on the third 
time domain resource ; or receives , by using a second QCL 
assumption , the target reference signal carried on the fourth 
time domain resource . 
[ 0325 ] When various transmission reception points of a 
shared channel with coordinated transmission use a same 
time domain resource , the first time domain resource is the 
same as the second time domain resource , and the third time 
domain resource is the same as the fourth time domain 
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the PTRS ) is time domain resource blocks that carry the 
target reference signal ( for example , the PTRS ) that are 
obtained by mapping the target reference signal ( for 
example , the PTRS ) once starting from a reference time 
domain resource block in the scheduled time domain 
resources at an interval of L time domain resource blocks 
until the last time domain resource block in the scheduled 
time domain resources . For example , in FIG . 14 , it is 
assumed that a reference time domain resource block in a 
scheduled slot is the 2nd symbol . Then , the PTRS is mapped 
once starting from the 2nd symbol at an interval of two 
symbols until the PTRS is mapped once to the 9th symbol , 
to obtain all symbols that carry the PTRS . The mapping 
manner in which mapping is performed starting from respec 
tive reference time domain resource blocks in the first time 
domain resource and the second time domain resource 
described in FIG . 12 does not need to be used . 
[ 0328 ] Further , the receive end may receive , by using QCL 
types A and D of one of the QCL assumptions , the target 
reference signal ( for example , the PTRS ) carried on the 
scheduled time domain resources , and adjust a channel 
parameter ( for example , QCL types B ) in one or all of the 
QCL assumptions by using a channel parameter ( frequency 
offset ) estimation result of the target reference signal ( for 
example , the PTRS ) . 
[ 0329 ] The 1st target reference signal ( for example , the 
PTRS ) transmission method in this part supports two target 
reference signal ports ( for example , PTRS ports ) , to ensure 
that each QCL assumption has the target reference signal 
( for example , the PTRS ) with frequency offset estimation , 
that is , the target reference signal is carried . The 2nd target 
reference signal ( for example , the PTRS ) transmission 
method in this part may support a case in which one target 
reference signal port ( for example , a PTRS port ) is config 
ured , to ensure that channel parameter ( for example , the 
frequency offset ) estimation of a QCL assumption is accu 
rate and low signaling overheads are kept ; or to ensure that 
each QCL assumption has channel parameter ( for example , 
the frequency offset ) estimation and shares a same target 
reference signal port ( for example , the PTRS port ) , thereby 
reducing signaling overheads and complexity of the channel 
parameter ( for example , the frequency offset ) estimation . 
This avoids a case in which a rule for the receive end and the 
transmit end to associate two QCL assumptions with one 
target reference signal port ( for example , the PTRS port ) is 
unclear , causing inaccurate channel parameter ( for example , 
the frequency offset ) estimation at the receive end . 
[ 0330 ] In this application , the reference signal transmis 
sion method in frequency domain provided above may be 
used in combination with the reference signal transmission 
method in time domain , that is , the reference signal trans 
mission method in frequency domain may be used in com 
bination with the reference signal transmission method in 
time domain . The target reference signal is transmitted on 
the scheduled time - frequency resources , to improve channel 
estimation performance . 
[ 0331 ] FIG . 15 is a schematic diagram of a structure of a 
communication apparatus according to an embodiment of 
this application . The communication apparatus 1500 shown 
in FIG . 15 may include a transceiver unit 1501 and a 
processing unit 1502. The transceiver unit 1501 may include 
a sending unit and a receiving unit . The sending unit is 
configured to implement a sending function , the receiving 
unit is configured to implement a receiving function , and the 

resource . 

[ 0326 ] That is , one configured target reference signal port 
( for example , a PTRS port ) is associated with one QCL 
assumption , and correspondingly , the PTRS may be mapped 
or carried on a time domain resource associated with the 
QCL assumption . Further , the receive end or a transmit end 
receives the target reference signal ( for example , the PTRS ) 
on the time domain resource by using the QCL assumption . 
A time domain resource associated with another QCL 
assumption does not carry the target reference signal ( for 
example , the PTRS ) . 
[ 0327 ] Alternatively , in another manner , a plurality of 
QCL assumptions indicated by DCI may be associated with 
a same target reference signal port ( for example , a PTRS 
port ) . In this way , when the time domain resource that 
carries the target reference signal ( for example , the PTRS ) is 
determined based on the time domain density L , the target 
reference signal is sequentially mapped to scheduled time 
domain resources based on the time domain density L , 
instead of being remapped . In other words , the time domain 
resource that carries the target reference signal ( for example , 
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transceiver unit 1501 may implement a sending function 
and / or a receiving function . The transceiver unit may alter 
natively be described as a communication unit . 
( 0332 ] The communication apparatus 1500 may be a ter 
minal device , an apparatus in the terminal device , or an 
apparatus that can be used together with the terminal device . 
[ 0333 ] In an implementation , the communication appara 
tus includes a transceiver unit 1501 and a processing unit 
1502 . 
[ 0334 ] The processing unit 1502 is configured to : deter 
mine a frequency domain density of a target reference 
signal based on a quantity MRB of frequency domain 
resources ; determine , based on the frequency domain den 
sity K , a third frequency domain resource that carries the 
target reference signal in a first frequency domain resource 
and / or a fourth frequency domain resource that carries the 
target reference signal in a second frequency domain 
resource . 

, 

[ 0335 ] The transceiver unit 1501 is configured to : send , by 
using a first quasi co - location QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , and / or send , by using a second quasi co - location 
QCL assumption , the target reference signal carried on the 
fourth frequency domain resource . 
[ 0336 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0337 ] The first frequency domain resource is associated 
with the first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with the 
second QCL assumption . 
[ 0338 ] In another implementation , the communication 
apparatus includes a transceiver unit 1501 and a processing 
unit 1502 . 
[ 0339 ] The processing unit 1502 is configured to : deter 
mine a time domain density L of a target reference signal 
based on modulation and coding scheme MCS information ; 
map the target reference signal once starting from a refer 
ence time domain resource block in a first time domain 
resource at an interval of L time domain resource blocks , to 
obtain a third time domain resource that carries the target 
reference signal ; and / or map the target reference signal once 
starting from a reference time domain resource block in a 
second time domain resource at an interval of L time domain 
resource blocks , to obtain a fourth time domain resource that 
carries the target reference signal . 
[ 0340 ] The transceiver unit 1501 is configured to : receive , 
by using a first QCL assumption , the target reference signal 
carried on the third time domain resource , and / or receive , by 
using a second QCL assumption , the target reference signal 
carried on the fourth time domain resource . 
[ 0341 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0342 ] The communication apparatus 1300 may be a net 
work device , an apparatus in the network device , or an 
apparatus that can be used together with the network device . 

[ 0343 ] In an implementation , the processing unit 1502 is 
configured to : determine a frequency domain density K of a 
target reference signal based on a quantity MRB of frequency 
domain resources ; determine , based on the frequency 
domain density K , a third frequency domain resource that 
carries the target reference signal in a first frequency domain 
resource and / or a fourth frequency domain resource that 
carries the target reference signal in a second frequency 
domain resource . 
[ 0344 ] The quantity MRB of frequency domain resources is 
greater than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the scheduled 
frequency domain resources include the first frequency 
domain resource and the second frequency domain resource . 
[ 0345 ] The first frequency domain resource is associated 
with a first quasi co - location QCL assumption , and the 
second frequency domain resource is associated with a 
second QCL assumption . 
[ 0346 ] The transceiver unit 1501 is configured to : send , by 
using the first quasi co - location QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , and / or send , by using the second quasi co - location 
QCL assumption , the target reference signal carried on the 
fourth frequency domain resource . 
[ 0347 ] For related content of this implementation , refer to 
related content of the foregoing method embodiments . 
Details are not described herein again . 
[ 0348 ] In another implementation , the communication 
apparatus includes a transceiver unit 1501 and a processing 
unit 1502 . 
[ 0349 ] The processing unit 1502 is configured to : deter 
mine a time domain density L of a target reference signal 
based on modulation and coding scheme MCS information ; 
map the target reference signal once starting from a refer 
ence time domain resource block in a first time domain 
resource at an interval of L time domain resource blocks , to 
obtain a third time domain resource that carries the target 
reference signal ; and / or map the target reference signal once 
starting from a reference time domain resource block in a 
second time domain resource at an interval of L time domain 
resource blocks , to obtain a fourth time domain resource that 
carries the target reference signal . 
[ 0350 ] The transceiver unit 1501 is configured to : send , by 
using a first QCL assumption , the target reference signal 
carried on the third time domain resource , and / or receive , by 
using a second QCL assumption , the target reference signal 
carried on the fourth time domain resource . 
[ 0351 ] The MCS information is used to indicate a modu 
lation and coding scheme of scheduled time domain 
resources . The scheduled time domain resources include the 
first time domain resource and the second time domain 
resource . The first time domain resource is associated with 
the first QCL assumption , and the second time domain 
resource is associated with the second QCL assumption . 
[ 0352 ] FIG . 16 is a schematic diagram of a structure of a 
communication apparatus . The communication apparatus 
1600 may be a network device , may be a terminal device , 
may be a chip , a chip system , a processor , or the like that 
supports a network device in implementing the foregoing 
methods , or may be a chip , a chip system , a processor , or the 
like that supports a terminal device in implementing the 
foregoing methods . The apparatus may be configured to 
implement the methods described in the foregoing method 

2 

a 



US 2022/0272728 A1 Aug. 25 , 2022 
23 

embodiments . For details , refer to the descriptions in the 
foregoing method embodiments . 
[ 0353 ] The communication apparatus 1600 may include 
one or more processors 1601. The processor 1601 may be a 
general - purpose processor , a dedicated processor , or the like . 
For example , the processor 1601 may be a baseband pro 
cessor or a central processing unit . The baseband processor 
may be configured to process a communication protocol and 
communication data . The central processing unit may be 
configured to : control a communication apparatus ( for 
example , a base station , a baseband chip , a terminal , a 
terminal chip , a DU , or a CU ) , execute a software program , 
and process data of the software program . 
[ 0354 ] Optionally , the communication apparatus 1600 
may include one or more memories 1602. The memory 1602 
stores instructions 1604 , and the instructions may be run on 
the processor 1601 , to enable the apparatus 1600 to perform 
the methods described in the foregoing method embodi 
ments . Optionally , the memory 1602 may further store data . 
The processor 1601 and the memory 1602 may be separately 
disposed , or may be integrated together . 
[ 0355 ] Optionally , the communication apparatus 1600 
may further include a transceiver 1605 and an antenna 1606 . 
The transceiver 1605 may be referred to as a transceiver 
unit , a transceiver machine , a transceiver circuit , or the like , 
and is configured to implement a transceiver function . The 
transceiver 1605 may include a receiver and a transmitter . 
The receiver may be referred to as a receiving machine , a 
receiver circuit , or the like , and is configured to implement 
a receiving function . The transmitter may be referred to as 
a transmitting machine , a transmitter circuit , or the like , and 
is configured to implement a sending function . 
[ 0356 ] The communication apparatus 1600 is the terminal 
device . The processor 1601 is configured to perform steps 
101 and 102 in FIG . 7 , steps 201 and 202 in FIG . 10 , steps 
301 and 302 in FIG . 12 , and steps 401 and 402 in FIG . 13 . 
The transceiver 1605 is configured to perform step 103 in 
FIG . 7 , step 203 in FIG . 10 , step 303 in FIG . 12 , and step 403 
in FIG . 13 . 

[ 0357 ] The communication apparatus 1600 is the network 
device . The processor 1601 is configured to perform steps 
101 and 102 in FIG . 7 , steps 201 and 202 in FIG . 10 , steps 
301 and 302 in FIG . 12 , and steps 401 and 402 in FIG . 13 . 
The transceiver 1605 is configured to : perform step 103 in 
FIG . 7 , where a “ receiving ” operation needs to be replaced 
with a “ sending ” operation ; perform step 203 in FIG . 10 , 
where a “ receiving ” operation needs to be replaced with a 
“ sending ” operation ; perform step 303 in FIG . 12 , where a 
" receiving " operation needs to be replaced with a " sending " 
operation , and perform step 403 in FIG . 13 , where a “ receiv 
ing ” operation needs to be replaced with a “ sending ” opera 
tion . 

[ 0358 ] In another possible design , the processor 1601 may 
include a transceiver configured to implement receiving and 
sending functions . For example , the transceiver may be a 
transceiver circuit , an interface , or an interface circuit . A 
transceiver circuit , an interface , or an interface circuit con 
figured to implement the sending function and a transceiver 
circuit , an interface , or an interface circuit configured to 
implement the receiving function may be separated , or may 
be integrated together . The transceiver circuit , the interface , 
or the interface circuit may be configured to read and write 

code or data . Alternatively , the transceiver circuit , the inter 
face , or the interface circuit may be configured to transmit 
or transfer a signal . 
[ 0359 ] In still another possible design , optionally , the 
processor 1601 may store instructions 1603 , and the instruc 
tions 1603 are run on the processor 1601 , so that the 
communication apparatus 1600 performs the methods 
described in the foregoing method embodiments . The 
instructions 1603 may be fixed in the processor 1601 , and in 
this case , the processor 1601 may be implemented by 
hardware . 
[ 0360 ] In yet another possible design , the communication 
apparatus 1600 may include a circuit , and the circuit may 
implement the sending function , the receiving function , or 
the communication function in the foregoing method 
embodiments . The processor and the transceiver that are 
described in this application may be implemented on an 
integrated circuit ( IC ) , an analog IC , a radio frequency 
integrated circuit RFIC , a hybrid signal IC , an application 
specific integrated circuit ( ASIC ) , a printed circuit board 
( PCB ) , an electronic device , or the like . The processor and 
the transceiver may alternatively be manufactured by using 
various IC technologies , for example , a complementary 
metal oxide semiconductor ( CMOS ) , an N - type metal oxide 
semiconductor ( nMetal oxide semiconductor , NMOS ) , a 
P - type metal oxide semiconductor ( positive channel metal 
oxide semiconductor , PMOS ) , a bipolar junction transistor 
( BJT ) , a bipolar CMOS ( BiCMOS ) , silicon germanium 
( SiGe ) , and gallium arsenide ( GaAs ) . 
[ 0361 ] The communication apparatus in the foregoing 
embodiment may be a network device or a terminal device . 
However , a scope of the communication apparatus described 
in this application is not limited thereto , and a structure of 
the communication apparatus may not be limited by FIG . 14 . 
The communication apparatus may be an independent 
device or a part of a large device . For example , the com 
munication apparatus may be : 
[ 0362 ] ( 1 ) an independent integrated circuit IC , a chip , or 
a chip system or subsystem ; 
[ 0363 ] ( 2 ) a set including one or more ICs , where option 
ally , the IC set may further include a storage component 
configured to store data and instructions ; 
[ 0364 ] ( 3 ) an ASIC , for example , a modem ( MSM ) ; 
[ 0365 ] ( 4 ) a module that can be embedded in another 
device ; 
[ 0366 ] ( 5 ) a receiver , a terminal , an intelligent terminal , a 
cellular phone , a wireless device , a handheld device , a 
mobile unit , a vehicle - mounted device , a network device , a 
cloud device , an artificial intelligence device , or the like ; or 
[ 0367 ] ( 6 ) others . 
[ 0368 ] For a case in which the communication apparatus 
may be a chip or a chip system , refer to a schematic diagram 
of a structure of a chip shown in FIG . 17. The chip 1700 
shown in FIG . 17 includes a processor 1701 and an interface 
1702. There may be one or more processors 1701 , and there 
may be a plurality of interfaces 1702 . 
[ 0369 ] A case in which the chip is configured to imple 
ment a function of the terminal device in embodiments of 
this application is described below . 
[ 0370 ] In an implementation , the processor 1701 is con 
figured to : determine a frequency domain density K of a 
target reference signal based on a quantity MRB of frequency 
domain resources ; and determine , based on the frequency 
domain density K , a third frequency domain resource that 
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carries the target reference signal in a first frequency domain 
resource , and / or a fourth frequency domain resource that 
carries the target reference signal in a second frequency 
domain resource . The interface 1702 is configured to : 
receive , by using a first quasi co - location QCL assumption , 
the target reference signal carried on the third frequency 
domain resource , and / or receive , by using a second quasi 
co - location QCL assumption , the target reference signal 
carried on the fourth frequency domain resource . 
[ 0371 ] In an implementation , the processor 1701 is con 
figured to : determine a time domain density L of a target 
reference signal based on modulation and coding scheme 
MCS information ; map the target reference signal once 
starting from a reference time domain resource block in a 
first time domain resource at an interval of L time domain 
resource blocks , to obtain a third time domain resource that 
carries the target reference signal ; and / or map the target 
reference signal once starting from a reference time domain 
resource block in a second time domain resource at an 
interval of L time domain resource blocks , to obtain a fourth 
time domain resource that carries the target reference signal . 
The interface 1702 is configured to : receive , by using a first 
QCL assumption , the target reference signal carried on the 
third time domain resource , and / or receive , by using a 
second QCL assumption , the target reference signal carried 
on the fourth time domain resource . 

[ 0372 ] A case in which the chip is configured to imple 
ment a function of the network device in embodiments of 
this application is described below . 
[ 0373 ] In an implementation , 
[ 0374 ] the processor 1701 is configured to : determine a 
frequency domain density K of a target reference signal 
based on a quantity MRB of frequency domain resources ; and 
determine , based on the frequency domain density K , a third 
frequency domain resource that carries the target reference 
signal in a first frequency domain resource , and / or a fourth 
frequency domain resource that carries the target reference 
signal in a second frequency domain resource . The interface 
1702 is configured to : send , by using a first quasi co - location 
QCL assumption , the target reference signal carried on the 
third frequency domain resource , and / or send , by using a 
second quasi co - location QCL assumption , the target refer 
ence signal carried on the fourth frequency domain resource . 
[ 0375 ] In another implementation , 
[ 0376 ] the processor 1701 is configured to : determine a 
time domain density L of a target reference signal based on 
modulation and coding scheme MCS information ; map the 
target reference signal once starting from a reference time 
domain resource block in a first time domain resource at an 
interval of L time domain resource blocks , to obtain a third 
time domain resource that carries the target reference signal ; 
and / or map the target reference signal once starting from a 
reference time domain resource block in a second time 
domain resource at an interval of L time domain resource 
blocks , to obtain a fourth time domain resource that carries 
the target reference signal . 
[ 0377 ] The interface 1702 is configured to : send , by using 
a first QCL assumption , the target reference signal carried on 
the third time domain resource , and / or send , by using a 
second QCL assumption , the target reference signal carried 
on the fourth time domain resource . 

[ 0378 ] Optionally , the chip further includes a memory 
1703. The memory 1703 is configured to store program 
instructions and data that are necessary for the terminal 
device . 
[ 0379 ] A person skilled in the art may further understand 
that various illustrative logical blocks and steps that are 
listed in embodiments of this application may be imple 
mented by electronic hardware , computer software , or a 
combination thereof . Whether the functions are imple 
mented by using hardware or software depends on particular 
applications and a design requirement of an entire system . A 
person skilled in the art may use various methods to imple 
ment the described functions for each particular application , 
but it should not be considered that the implementation goes 
beyond the scope of embodiments of this application . 
[ 0380 ] This application further provides a computer - read 
able storage medium . The computer - readable storage 
medium stores a computer program . When the computer 
readable storage medium is executed by a computer , func 
tions of any one of the foregoing method embodiments are 
implemented . 
[ 0381 ] This application further provides a computer pro 
gram product . When the computer program product is 
executed by a computer , functions of any one of the fore 
going method embodiments are implemented . 
[ 0382 ] All or some of the foregoing embodiments may be 
implemented by using software , hardware , firmware , or any 
combination thereof . When software is used to implement 
embodiments , embodiments may be implemented com 
pletely or partially in a form of a computer program product . 
The computer program product includes one or more com 
puter instructions . When the computer instructions are 
loaded and executed on a computer , the procedure or func 
tions according to embodiments of this application are all or 
partially generated . The computer may be a general - purpose 
computer , a dedicated computer , a computer network , or 
another programmable apparatus . The computer instructions 
may be stored in a computer - readable storage medium or 
may be transmitted from a computer - readable storage 
medium to another con uter - readable ge medium . For 
example , the computer instructions may be transmitted from 
a website , computer , server , or data center to another web 
site , computer , server , or data center in a wired ( for example , 
a coaxial cable , an optical fiber , or a digital subscriber line 
( DSL ) ) or wireless ( for example , infrared , radio , or micro 
wave ) manner . The computer - readable storage medium may 
be any usable medium accessible by a computer , or data 
storage device , for example , a server or a data center , 
integrating one or more usable media . The usable medium 
may be a magnetic medium example , a floppy disk , a 
hard disk , or a magnetic tape ) , an optical medium ( for 
example , a high density digital video disc ( DVD ) ) , a semi 
conductor medium ( for example , a solid - state drive ( SSD ) ) , 
or the like . 
[ 0383 ] A person of ordinary skill in the art may understand 
that various numerals such as " first ” and “ second ” in this 
application are merely used for differentiation for ease of 
description , and are not used to limit the scope of embodi 
ments of this application or represent a sequence . 
[ 0384 ] The correspondences shown in the tables this 
application may be configured , or may be predefined . Values 
of the information in the tables are merely examples , and 
other values may be configured . This is not limited in this 
application . When a correspondence between information 
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ond frequency domain resource is associated with a 
second QCL assumption ; and 

receiving , by using the first QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , or receiving , by using the second QCL 
assumption , the target reference signal carried on the 
fourth frequency domain resource . 

2. The method according to claim 1 , wherein 
a target reference signal port corresponding to the target 

reference signal carried on the third frequency domain 
resource is associated with a demodulation reference 
signal ( DMRS ) port corresponding to a DMRS carried 
on the first frequency domain resource ; or 

a target reference signal port corresponding to the target 
reference signal carried on the fourth frequency domain 
resource is associated with a DMRS port corresponding 
to a DMRS carried on the second frequency domain 

a 

resource . 2 

a 

and each parameter is configured , not all correspondences 
shown in the tables need to be configured . For example , in 
the tables in this application , correspondences shown in 
some rows may alternatively not be configured . For another 
example , proper deformations and adjustments such as 
splitting and combination may be performed based on the 
foregoing tables . Names of the parameters shown in titles of 
the foregoing tables may alternatively be other names that 
can be understood by a communication apparatus , and 
values or representation manners of the parameters may 
alternatively be other values or representation manners that 
can be understood by the communication apparatus . During 
implementation of the foregoing tables , another data struc 
ture , such as an array , a queue , a container , a stack , a linear 
table , a pointer , a linked list , a tree , a graph , a structure , a 
class , a pile , or a hash table , may alternatively be used . 
[ 0385 ] “ Predefine ” in this application may be understood 
as “ define ” , “ predefine ” , “ store ” , “ pre - store ” , “ pre - negoti 
ate ” , “ pre - configure " , " solidify " , or " pre - burn " . 
[ 0386 ] A person of ordinary skill in the art may be aware 
that , in combination with the examples described in embodi 
ments disclosed in this specification , units and algorithm 
steps may be implemented by electronic hardware or a 
combination of computer software and electronic hardware . 
Whether the functions are performed by hardware or soft 
ware depends on particular applications and design con 
straints of the technical solutions . A person skilled in the art 
may use different methods to implement the described 
functions for each particular application , but it should not be 
considered that the implementation goes beyond the scope 
of this application . 
[ 0387 ] It may be clearly understood by a person skilled in 
the art that , for the purpose of convenient and brief descrip 
tion , for a detailed working process of the foregoing system , 
apparatuses , and units , refer to a corresponding process in 
the foregoing method embodiments . Details are not 
described herein again . 
[ 0388 ] The foregoing descriptions are merely specific 
implementations of this application , but are not intended to 
limit the protection scope of this application . Any variation 
or replacement readily figured out by a person skilled in the 
art within the technical scope disclosed in this application 
shall fall within the protection scope of this application . 
Therefore , the protection scope of this application shall be 
subject to the protection scope of the claims . 
What is claimed is : 
1. A reference signal transmission method , comprising : 
determining a frequency domain density K of a target 

reference signal based on a quantity MRB of frequency 
domain resources ; 

determining , based on the frequency domain density K , at 
least one of a third frequency domain resource that 
carries the target reference signal in a first frequency 
domain resource , or a fourth frequency domain 
resource that carries the target reference signal in a 
second frequency domain resource , wherein 

the quantity MRB of frequency domain resources is greater 
than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the sched 
uled frequency domain resources comprise the first 
frequency domain resource and the second frequency 
domain resource ; and 

the first frequency domain resource is associated with a 
first quasi co - location ( QCL ) assumption , and the sec 

3. The method according to claim 1 , wherein 
MRB is obtained by dividing NRB by Nocz and performing 

a ceiling operation , or is obtained by dividing NRB by 
Nocl and performing a floor operation ; and 

N , focL is a total quantity of QCL assumptions associated 
with the scheduled frequency domain resources . 

4. The method according to claim 1 , wherein 
MRB is equal to a quantity of first frequency domain 

resources , or is equal to a quantity of second frequency 
domain resources . 

5. The method according to claim 1 , wherein the deter 
mining , based on the frequency domain density K , at least 
one of a third frequency domain resource that carries the 
target reference signal in a first frequency domain resource , 
or a fourth frequency domain resource that carries the target 
reference signal in a second frequency domain resource 
comprises : 
mapping a phase tracking reference signal ( PTRS ) once 

starting from a reference frequency domain resource 
block in the first frequency domain resource at an 
interval of K frequency domain resource blocks , to 
obtain frequency domain resource blocks that carry the 
target reference signal as the third frequency domain 
resource ; or 

mapping a PTRS once starting from a reference frequency 
domain resource block in the second frequency domain 
resource at an interval of K frequency domain resource 
blocks , to obtain frequency domain resource blocks 
that carry the target reference signal as the fourth 
frequency domain resource . 

6. The method according to claim 1 , wherein the target 
reference signal is a reference signal used to perform chan 
nel estimation or used with a DMRS in performing channel 
estimation . 

7. The method according to claim 6 , wherein the target 
reference signal comprises a PTRS . 

8. A reference signal transmission method , comprising : 
determining a frequency domain density K of a target 

reference signal based on a quantity Mrs of frequency 
domain resources ; 

determining , based on the frequency domain density K , at 
least one of a third frequency domain resource that 
carries the target reference signal in a first frequency 
domain resource , or a fourth frequency domain 
resource that carries the target reference signal in a 
second frequency domain resource , wherein 
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the quantity MRB of frequency domain resources is greater 
than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the sched 
uled frequency domain resources comprise the first 
frequency domain resource and the second frequency 
domain resource ; and 

the first frequency domain resource is associated with a 
first quasi co - location ( CL ) assumption , and the sec 
ond frequency domain resource is associated with a 
second QCL assumption ; and 

sending , by using the first QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , or sending , by using the second QCL assump 
tion , the target reference signal carried on the fourth 
frequency domain resource . 

9. The method according to claim 8 , wherein 
a target reference signal port corresponding to the target 

reference signal carried on the third frequency domain 
resource is associated with a DMRS port corresponding 
to a demodulation reference signal DMRS carried on 
the first frequency domain resource ; and / or 

a target reference signal port corresponding to the target 
reference signal carried on the fourth frequency domain 
resource is associated with a DMRS port corresponding 
to a DMRS carried on the second frequency domain 
resource . 

10. The method according to claim 8 , wherein 
MRB Mro is obtained by dividing Nro by Nock and performing 

a ceiling operation , or is obtained by dividing NRB by 
Nocl and performing a floor operation ; and 

Nocl is a total quantity of QCL assumptions associated 
with the scheduled frequency domain resources . 

11. The method according to claim 8 , wherein 
MRB is equal to a quantity of first frequency domain 

resources , or is equal to a quantity of second frequency 
domain resources . 

12. The method according to claim 8 , wherein the deter 
mining , based on the frequency domain density K , at least 
one of a third frequency domain resource that carries the 
target reference signal in a first frequency domain resource , 
or a fourth frequency domain resource that carries the target 
reference signal in a second frequency domain resource 
comprises : 

mapping a phase tracking reference signal ( PTRS ) once 
starting from a reference frequency domain resource 
block in the first frequency domain resource at an 
interval of K frequency domain resource blocks , to 
obtain frequency domain resource blocks that carry the 
target reference signal as the third frequency domain 
resource ; or 

mapping a PTRS once starting from a reference frequency 
domain resource block in the second frequency domain 
resource at an interval of K frequency domain resource 
blocks , to obtain frequency domain resource blocks 
that carry the target reference signal as the fourth 
frequency domain resource . 

13. The method according to claim 8 , wherein the target 
reference signal is a reference signal used to perform chan 
nel estimation or used with a DMRS in performing channel 
estimation . 

14. The method according to claim 13 , wherein the target 
reference signal comprises a PTRS . 

15. An apparatus , comprising : 
a receiver ; 
at least one processor ; and 
one or more memories coupled to the at least one pro 

cessor and storing programming instructions for execu 
tion by the at least one processor to cause the apparatus 
to : 

determine a frequency domain density K of a target 
reference signal based on a quantity MRB of frequency 
domain resources ; 

determine based on the frequency domain density K , a 
third frequency domain resource that carries the target 
reference signal in a first frequency domain resource , or 
a fourth frequency domain resource that carries the 
target reference signal in a second frequency domain 
resource , wherein 

the quantity MRB of frequency domain resources is greater 
than zero and less than NRB , NRB is a quantity of 
scheduled frequency domain resources , and the sched 
uled frequency domain resources comprise the first 
frequency domain resource and the second frequency 
domain resource ; and 

the first frequency domain resource is associated with a 
first quasi co - location ( QCL ) assumption , and the sec 
ond frequency domain resource is associated with a 
second QCL assumption ; and 

receive by using the first QCL assumption , the target 
reference signal carried on the third frequency domain 
resource , or receive , by using the second QCL assump 
tion , the target reference signal carried on the fourth 
frequency domain resource . 

16. The apparatus according to claim 15 , wherein 
a target reference signal port corresponding to the target 

reference signal carried on the third frequency domain 
resource is associated with a demodulation reference 
signal ( DMRS ) port corresponding to a DMRS carried 
on the first frequency domain resource ; or 

a target reference signal port corresponding to the target 
reference signal carried on the fourth frequency domain 
resource is associated with a DMRS port corresponding 
to a DMRS carried on the second frequency domain 
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resource . 

17. The apparatus according to claim 15 , wherein 
MRB is equal to a quantity of first frequency domain 

resources , or is equal to a quantity of second frequency 
domain resources . 

18. The apparatus according to claim 15 , wherein the 
programming instructions , when executed by the at least one 
processor , cause the apparatus to : 
map a phase tracking reference signal ( PTRS ) once start 

ing from a reference frequency domain resource block 
in the first frequency domain resource at an interval of 
K frequency domain resource blocks , to obtain fre 
quency domain resource blocks that carry the target 
reference signal as the third frequency domain 
resource ; or 

map a PTRS once starting from a reference frequency 
domain resource block in the second frequency domain 
resource at an interval of K frequency domain resource 
blocks , to obtain frequency domain resource blocks 
that carry the target reference signal as the fourth 
frequency domain resource . 
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19. The apparatus according to claim 15 , wherein the 
target reference signal is a reference signal used to perform 
channel estimation or used with a DMRS in performing 
channel estimation . 

20. The apparatus according to claim 19 , wherein the 
target reference signal comprises a PTRS . 

* * * 


