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Physical Downlink Control Channel Transmission and Reception
Taechniques for Dynamic Spectrum Sharing

TECHNICAL FIELD

fO00L1] This application relates generally to wireless

communication, and in particular relates to Ph cal Downlink

,..4

Control Channel Transmission and Reception Technigues for

Dynamic Spectrum Sharing.

BACKGROUND

[0002] Dynamic spectrum sharing may inciude deploying
multiple radio access technologies (RATs) in the same frequency
band and dynamically allocating spectrum resources between these

BATs. When multiple RATs share the same fregquency band, a

collision may occur between the signals of the different RATS.

.
H
H

For example, a Long Term Evolution (LTE} RAT and a 5G new radio

transported via a physical downlink control channel (PDCCH) may
collide with LTE downlink reference signals. This may cause a
degradation in performance for both 5G NR and LTE operations

Accordingly,

[
oy
[¢h]
et
()
l_!
%]
Q
s
(0]
@]
o
h
O
s
o+
()
@]
-
o
}_J
Q
i
@]
&)

Q

O
ﬁ

figured to ensure

that 5G NR PDCCH signaling does not collide with LTE downlink

rererence SlTH&iS,

[0003] Some exemplary embodiments are related to a baseband
processor configured to perform operat

include receiving information associated with a downlink
reference signal for a first radio access techno

1
RAT is different than a currently camped

,___.

1Tving reference signal

downlink reference signal and recelving downlink control
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information from the second RAT via a physical downlink control

[0004] Other exemplary embodiments are related to user

equipment {(UE) including a transceiver configured to communicate

with a network and a processor communicatively coupled to the
T scelver and configured to perform operations. The operations
include receiving informaticn asscciated with a downlink

a1l

reference signal for a first radioc access technology (RATG,

RAT ig different than a currently camped

downlink reference signal and receliving downlink control

-

informaticn from the second RAT via a phvsical downlink control

channel (PDCCH).

Brief Description of the Drawings

[GO0E] Fig. 1 shows an exemplary network arrangement

according to varilous exemplary embodiments.

(00087 Fig. 2 shows an exemplary user equipment (UE)

according to various exemplary embodiments.

b
=

[O007] Fig. 3 shows a method for physical downlink control
channel (PDCCH)} reception according Lo various exemplary

ermbodiments.

[Goog] Fig. 4 shows an example of an exemplary PDCCH

. 1

demodulation reference signal (DMR3) design according to variou

€]

exemplary embodiments.

[0009] Fig. 5 shows three examples of long term evolution

transmission and one

8]
=
¢

(LTE) cell specific reference sign
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example of 5G new radio (NR) PDCCH DMRS transmission according

Lo various exemplary embodiments.

Detailed Description

L0010 The exemplary embo rther understood
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with reference to the following descripition and the related

appended drawings, whereln like elements are provided with the

-

same reference numeral

new radic (NR) physical downlink cont

h
o
l_._l
¢
f-~
[
&
e
—
[
[
[
ﬁ
3
@
~
.l
»—v—'
s
v

transmission and reception. As will be described in more detail
below, in a first aspect, the exemplary embodiments include

various exemplary rate matching technigues that may be

implemented by a user equipment (UE) for PDCCH recepticn. In a

second aspect, the exemplary embodiments include an exemplary

TN

PDCCH demodulation reference signal (DMRS) design.

[O0L1] The exemplary embodiments are described with regard
to a UE. However, reference to a UE is merely provided for
illustrative purposes. The exemplary em

with any electronic component that may establish a connection to

3

a network and is configured with the hardware, software, and/ox

on and data with the network.

M
-

firmware to exchange informat

Therefore, the UE as described herein is used to represent any

[0012] The exemplary embodiments are also described with

regard tTo dynamic spectrum sharing (PS5} betwsen a Long Term

Fvolution {(LTE) radio access technology (RAT) and a& 5G NR RAT.

5
1
=L

Those skilled in the art will understand that DSS refers to the

deployment of multiple RATs in the same frequency band and the

dynamic allocaticn of spectrum resources between those RATs. DSS

may enable a network carrier to deploy 56 NR on top of the
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share the same wcy band, a coll
signals of the erent RATs. This m

degradati the UE side and/or the

and

on on

L A

5G NR cperations
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However, when multiple RATs
igion may cccur between the

network

F00137] In accordance with variocus regulations and/or
standards, DS5 may be configured to ensure that LTE operations
are not impacted by the presence of 56 NR communications in the
same band. This is to ensure backwards compatibility for legacy
LTE UEs. However, since 5G NR communications are to be invisibkble

with
in more detail bel

and certain LTE downlink

[0014] The exemplary embodiments a
regard to downlink control informatio
the art will understand that DCI may
information that indicates thalt a sub
reception 1s to be performed by the U

by a

In one example, the DCI

18

downlink data that

< data channel (e.g., physical
(PDSCH), etc.) or uplink data that is
uplink data channel {physical uplink

another example, the DCI may include
other control information that is to

{e.g., a medium access control {MAC)
scheduling information other cont

include techniques for av

may

operations to be

he LTE communications. As
w, The exemplary
ciding & ceollision between

reference

re also described with
n (DCIY. Those gkilled in
refer to control

transmizsion and/oxr

E. To provide an example

currently camped cell via

inciude scheduling

to be received via a

1K

downlii shared channel

to be transmitted via an

shared

i ]
scheduling information for
be recelved by the UE
control element (CE)) or
rol information that is to
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rransmitted he UE

T, ¢ 7 -
by t©

Thus, the UE may

7 -
{e.g.,

('1

above examples

response to the DCI. The
iilustrative purposes and
exemplary embodiments in a

tand the scope

-

00187 As mentioned

network via the PDCCH.

include rate mat

ran

ching around

PCT/CN2020/120682

3 sounding reference signe

vwsmit and/or v

not intended to Iimit the
way, those skilled in the art will
erm “DCI.”

the UE may receive DCI from fthe
5G NR UE, PDCCH reception may

(CRS). In one aspect, the exemplary embodiments relate to
implementing 5G NR PDCCH rate matching techniques for D35, Sowme
0f these exemplary techniques are configured to balance the

complexity and resources
PDCCH and the resources
reception. For example,
techniques described
with regard to when or

CRS is to be performed
enable an operator to sa
unreasonable regquirements

[0016] In a second

implementing a PDCCH

e

some of the exemplary

ri'

P

DMRS

TOoxr

herein

undexr

aspect,

des

reguired

]

the twork to provide the

by the perform PDCCH

ant -

relate to ilmplementing restrictions
what conditions rate matching LTE
CCH reception. These restrictions
D38 requirements and do not place
elther the UE or the network.
the exemplary embodiments include

ign.

design decreases the likelihood of a col!
DMRS and the LTE CRS. The exemplary PDCCH
herein may be used in conjuncticon with o

IS 1
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ary
exemplary

d ibed herein

es5Cr

DSS mechanisms or il

tech

S
ntiy £
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from other mechanisn.
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[0017]
rding
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gement

laxr

00 includes a UE 110. Those skilled in the
hat the UE 110 may be any tvpe of

that is configured to communicate wvia a
rhones, tablet computers, desktop

es, phablets, embedded devices, wearables,
oT) devices, etc. It should also be

arrangement may incliude any
by any number of users. Thus, the

N
L

ay be configured to communicate with one
n the example of the network configuration

relessly
{RAN) 120, an LTE

wired

.
¥
[

[
(o)

Uy

and an ISM

he

120,

UE

th

may

However,

communicate

nexlt generate

_)*
nd the UE 110

connection

110 mavy

e LTE RAN 122
have a 5G NR
TE chipset to
set To

may be portions
network carrier



WO 2022/077230 PCT/CN2020/120682

include, cells or base stations that are configured to send and
receive traffic from UEs that are eguipped with the appropriate
cellular chip set. In this exampl the 5G NR RAN 120 includes

the gNB 12CA and the LTE RAN 122 includes the eNB 122A. However,
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eNB 1s merely provided for

illustrative purposes, any appropriate base station or cell may
be deployed (e.g., Node Bz, eNodeBs, HeNRs, eNBs, ghBs, gNodeBs,
macrocells, micrccells, small cells, femtcocells, etc.). The WLAN

may include any type of wireless local area network (WiFi,

Hot Spot, IEEE 802.11x networks, etc.).

[0020] The base stations (e.g., the gNB 1204, eNB 12224 may
include one or more communication interfaces to exchange data

and/or information with camped UEs, the corresponding RAN, the

cellular core network 130, the internet 140, etc. Further, the
base staticn may include a processor configured to perform
various operations. For example, the processor of the base

station may be configured to perform coperations related to PDCCH

transmigsion. However, reference to a processor is merely for

illustrative purposes. The operaticns of the base station may

also be represented as geparate incorporated component of the

)]

base staticn cor may be a modular component ccoupled to the base

Q

station, e.qg. an integrated circuit with or without firmwe
4 ot} 7 ot

&JJ

=]
L

e

For example, the integrated circuit may inciude input circuitry

to recelve signals and processing circuitry to process the
signals and other information. In addition, in some base
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[69]
(ﬂ

split among two

or more processors such as a basekand processor and an

)]

applications processor. The exemplary embodiments may be
implemented in any of these or other configuraticons of a base

ation.
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fo0211 Those skilled in the art will
association procedure may be performed
to the 5G NR RAN 120. For exampl as issed =
NR RAN 120 may be assoclated with a particular net
where the UE 110 and/or the user thereof has a con

credential information (e.g., stored on a SIM card)
detecting the presence of the 5G NR RAN 120, the U

transmit the corresponding credential informatiocon

PCT/CN2020/120682

5 - PO T [
bove, the 5G
7 .1 . .
WOYkK carrier

L and
. Upon

5 110 may

with the 5G NR RAN 120, More specifically, the UE 110 may
asscciate with a specific cell {e.g., the gNB 1204},

F00221 As mentioned above, the exemplary embodiments relate
to D38, Thus, reference to a single 5G NR RAN 120 and a single
T ™ T S0 “ . T - . R, R Nes e 5T o e dm A . o " o

LTE RAN 122 1s merely provided for illustrative purposes. In
some embodiments, a single RAN may be configured to deploy both

RAT. In other embodiments, there

may be

multiple RANs deplovyed with overlapping coverage areas.
Similarly, reference to a single gNB 120A and a single eNB 122A
is also provided for illustrative purposes. In some enmbodiments,
a single base station or c¢ell mayv be configured for both LTE RAT
and 5G NR RAT. In other embodiments, muitiple BG NR base
stations and multiple LTE hase stations may be deployed with

overlapping coverage areas. The exemplary embodiments are not
limited to any particular arrangement of RANS and base stations.
The exenplary embodiments may apply to any network arrangement

functionality

(00237 In addition to the RANs 120 the

160

and 122,

arrangement also cellular core

Internet 140, stem (IMS)

Subsy

<

= ce

network services backbone 160, The cellular core

be considered to be the interconnected set of

may

network

network

130, the

conmponen ts
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operation and traffic of network.

The cellular core network 130 alsc manages the traffic that
tween the cellular network and the Internet 140, The

IMS

deliwv

,._u

protocol. Th

network 130

ar

to

vices

&)

r

communication

150 may be
ing rmaltimedia services to the

e

the UE

gen
gen

werally described as an architecture for

UE

MS communicate with t

T
i
L

nd the Internet 140 to provide

110, The network services

‘«f"
i

h the

-

either directly or indirectly wit

140 and the cellular core network 130. The network services
backbone 160 may be generally described as a set of components
{e.g., servers, network storage arrangements, eltc.) that
implement a suite of services that mayv be used to extend the
functionalities of the UE 110 in communication with the wvarious
networks.

[G024] Fig. 2 shows an exemplary UE 110 according fo various
exemplary embodiments. The UE 110 will be described with regaxrd
Lo the network arrangement 100 of Fig., 1. The UE 110 may
represent any electronic device and may lnclude a processor 205,
a memory arrvangement 210, a digplay device 215, an input/output
{(1/0) device 220, a transceiver 225 and other components Z30.
The other components 230 may include, for example, an audio
input device, an audio output device, a battery that provides a
limited power supply, a data acquisition device, ports to
electrically connect the UE 110 to other electronic devices
sensors to detect conditions of the UE 110, etc.

[0025] The processor 205 may be configured to execute a
piurality of engines for the UE 110. For the engines
may include a 5G NR PDCCH rate matching engine 23%. The 5G NR

configured to impleme:
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various exemplary rate matching technigues related to 5G NR

“)

PECCH reception.
[og28] The above referenced engine being an application
{e.g., a program) executed by the processcr 205 is only
exemplary. The functionality assocociated with the engine may

also be represented as a separate incorporated component of the

£

1

UE 110 or may be a modular component coupled to the UE 110,

e.g., an integrated circuit with or without firmware. For

O

example, the integrated circuit may include input circuitry to

recelve signals and processing circuitry to process the signals

¥
A

=~
o
bt
-~
u
B
-
=
)]
Ini
'..
O
=
.

and other i The engine may also be embodied as one

o)
O
F

applicatic:

separate applications. In additicn, in some UEs,
the functionality described for the processor 205 is split among
two or more processors such as a baseband processor and an
applications processcor. The exemplary embodiments may be

implemented in any of these or other configurations of a UE.

[O0027] The memory 210 may ke a hardware component configured

ated to operations performed by the UE 1106, The

a
show data to a user while the I/0 device 220 may be a hardware

component that enables the user to enter inputs. The display

device 215 and the 1/C device 220 may be separate components or
integrated together such as a touchscreen. The transceiver 225
may be a hardware component configured to establish a connection

with the bG NR RAN 120, the LTE RAN 122 and the WLAN 124.

Accordingly, the fTransceiver 225 may operate on a variety of

different frequencies or channels {e.g., set of consecutive

10
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Fig. 3 shows a method 300 for PDCCH reception

ﬂ

various exenplary embodiments. The method 300 will

with regard to the network arrangement 100 of

[0029] In 305, the UE 110 camps on a cell of a first RAT. For
example, the UE 110 may be camped on the gNB 120
RAN 120, As indicated above, the exemplary embodiments relate to

DSS. Thus, the BG NR RAT and the LTE RAT mayv be deplovyed in the

same frequency band. For example, a 5G NR PDCCH may be
configured to use the same frequency band as an LTE CRS. In
addition, when camped on the 5G NR cell, the UE 110 may indicate
twork that the UE 110 1s capable of rate matching
around LTE CRS during PDCCH reception. For example, the TUE 110
may transmit capabllity information (or any other appropriate
message) to the network that indicates the rate matching

capabilities of the UE 110 on a per band basis.

[O030] In 310, the UE 110 mavy receilve coexistence information
for a second RAT that is different than the RAT of the currently
camped cell. For example, the UE 110 may be configured for the

5G NR RAT and the coexistence information may be associated with

LTE RAT. The coexistence information may enabkle the UE

identify frequency and/or time locations for one or more types

-

0of LTE downlink reference signals that may be transmitted by an

.

Li-l

(e.g., LTE CRS).

fO031] In this example, the

<

A
[
[
&

detect the existence and pattern of the LTE CRS that is to be
transmitted on the currently camped frequency band. Instead, the

coexistence information may be provided by the currently canmped

and explicitly or impl

i

11
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rate) that is to be used by the LTE cell to transmit the LTE

CR The UE 110 may recelve this coexistence information from
the 5G ing radio resource control (ERC) signaling or
from any other appropriate source. Thus, a cell of a first RAT
may provide coexistence informaticon for a second different RAT

to the the exen

scenarios in which the UE

ovided

coexlster

The exenplary embodiment

PR

with the

Tra
La

rfr'

pattern {or

wlary embodiments are not limited to

is explicitly or implicit

ion from the currently camped cell.

collect assoclated

cf

the cell to

S

transmit LTE reference signals from any appropriate one or nore
sources external or internal to the UE 110.

[0032] In 315, the UE 110 identifies =& ference signal
{e.g., LTE CRS} occasions for the second RAT based on the

coexistence information. In other words, the UE 110 identifies

the p

atter

h
0

=
A1

or rate)

the frequency band of the

currently

e

J
camped 2

[0033] In 320, the UE 110 performs rate matching arocund the
reference signals for the second RAT during PDCCH reception for
the first RAT. For example, the UE 110 may receive control
information wvia the 5G NR PDCCH. Since the UE 110 is aware of
the pattern (or rate) that is being used to transmit LTE CRS in
the frequency band of the currently camped 5G NR cell, the UE

may perform rate matching around the LTE CRS during 5G NR
PDCCH reception. Those skilled in the art will understand that,
generally, rate matching is a processing technigue that includes
de-mapping one or more symbols of a downlink signal and skipping

the identified

the de-mapping

- TR TS YA e
(e.g., LTE CRS) occasions

'}

12
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[0034]

perform rate

PCT/CN2020/120682

may configure the baseband processor to
tching around the LTE CRS based con certain

predetermined conditions. Thus, the UE 110 may be to
perform rate matching around the LTE CRS when a first set of one
or more conditions is satisfied and the UE 110 may be restricted
from performing rate matching around the LTE CRS when a second

set of one or more conditicons is satisfied.
exanples of when and/cr under what
perform rate matching around the LTE CRS will

echni

the complexity

the PDCCH and

h
e
L

-

deta elow. Some <of the exemplary rate
ques described below are configured to balance
and resources regquired by the network to provide
e resources required by the UE 100 to perform

PDCCH reception. For example, implementing these restrictions
may enable an operator to satisfy DSS without placing
unreascnable reguirements on either the UE or the network.

During operation, any combination of one or more of the
exenmplary rate matching techniques described herein may be

[00386]

rform rate ma

.

UE 110 may be ¢
search space or

110 mav

matching around
search space oxr
{or durin

configure

O
AV

the UE 11 7 be configured to
fo

tching around the LTE CRS 5G NR PDCCH
decoding a search space and/or a contrel resource
that is configured after RRC connection setup. For
or after an RRC connection setup procedure, the
onfigured to receive 5G NR PDCCH in a particular
via a particular CORESET., In response, the UE

re the baseband processor to perform rate

the LTE CRS when receiving on the indicated

the indicated CORESET because 1t was configured
g) RRC connection setup. However, when the UE 110

13
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NV
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s to recelve Pl
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.

configured prior
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1Y - - o oy e ~ p o~ T - = la¥ayeinEaknissl B R - e
CH on a search space or via a CORESET that zis
1

to

RRC connection

1

setup

or after an RRC

connection has been terminated, the UE 110 may restrict the
baseband processor from performing rate matching around the LTE
CRS.
FO0371] In another example, the UE 110 may be configured to
perform rate matching around the LTE CRS for 5G NR PDCCE

ception when processing a UE search space (USS). Forx
example, the UE 110 may configure the baseband processor to
perform rate matching around the LTE CRS when the UE 110 is to
receive PDCCH on a USS. In this example, the UE 110 may restrict
the baseband processor from performing rate matching arcund the
LTE CRS when the UE 110 is to receive PDCCH on a commen search
space {(CS3). Thus, the UE 110 may implement rate matching arcund
the LTE CRS based on a first type of search space and omit rate
matching around the LTE CRS based on a second different type of
search space,

n

L O

Ly

the

r UR

3
1LE

perform rate matching around the LTE
reception in the licensed spectrum.

configure the baseband processcr to
the LTE CRS when the UE 110 is to re
spectrum. In this example, the UE 11
processor from performing rate match
the UE 110 is to receive PDCCH in th
NR-U, sgidelink, etc.). Thus, the UE

matching around the LTE CRS based on
licensed spectrum and omit rate matcg
based receiving PDCCH via the unlice

14

110 may be configured to

AT

CCH

{

b

For example, the UE 110 may
perform rate matching around
ceive PDCCH in the licensed
0 may restrict the baseband
ing around the LTE CRS when
e unlicensed spectrum {e.qg.,

n

110 may rate

implement

5

receiving PDCCH wvia the
hing around the LTE CRS

nesed spectrum.
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[0039] In ano

perform rate

reception based
UE 110 may deter

n informa

or in

UE 110 may confi
matching around

format O 1, form
received via the

baseband rrocessc

CRS when fallback DCI
or special DCI {e.g., DC
Thus, the UE 110 may inp
based on receiving PDCC

O

(00407

~
+

perform ra

ork t©

r,\7

RNTIs for a wvari

any

mat

the LTE
0 Z,
5G NR

from

3

urther

ety of

network may transmit a
SCIr am_l d ,\7 L one o f t

=5
i

=i

i

rate matching b

(00417

baseband process
- -1, - TN T o
when the DCI is
RNTIs. In this e

RNTT},

sed

or to
scrambl

examnple,

configured scheduli

ber

CRS

format

PDC

4T
2
L

performing rate matchin

e.g.

7

H

exXamp

ther example, the UE 110 mayv b
matching arcund the LTE CRS for b
on the tvyvpe of DCI that is to

rmine the type of DCI that is

tion received from the network

other approprlate manner. In

gure the baseband processor to

when non-fallback

i1, format 1 2
1. The UE 110 may a

DCTI format

ornn a first t

the UE 110

|._.x

may

CRS based

ifier (RNTI). Those ski
UE may be assigned a va
different servicesz. Dur

he

To provide an examplie

f
ed

the

with

ing RNTI

the UE that

I=s. Thus, the UE
RNTI used to scrambl

the UE 110 ma
orm rate matching arc

arn a

first group incliud

D

~RNTI},
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c.) is to be

restrict the
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omit

e
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different

operation, the
pdes DCI
may lmplement

he DCI.
nfigure the
~he LTE CRS
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coding scheme cell RNTI (MCS-C-RNTI). The UE 110 may restrict

the baseban

O_
ks
o

ezgor from performing rate matching arcund the
LTE CRS when the DCI is scrambled with an RNTI from a second
group of RNTIs. In this example, the second group includes
system information RNTI (SI-RNTI), paging RNTI (P-RNTI}, random
access RNTI (RA-RNTI), temporary C-RNTI, an RNTI configured for
MsgB reception (MsgB-RNTI), slot format indicator RNTI (SFI-
RNTI), interruption RNTI (INT-RNTI), transmissicn power contral

physical uplink shared channel RNTI (TPC-PUSCH-RNTI),

! }—4
o
o)
i...(
I,_J
=
-
o
0
O
=4
i
ot
2
O
i...(
O
oy
o
=
-
o}
6]
I‘J
X
=
[
I._.‘

CLransmission power control physica

(TPC~PUCCH-RNTT} and transmission power contro

reference signal RNTI (TPC~-SRS-RNTI}. Thus, the

o]
)
}_l
‘;_.
(@]
—
=
o
G

implement rate matching arcund the LTE CRS based on receiving
PDCCH scrambled with an RNTI from a first group of RNTIs and
omit rate matching around the LTE CRS based receiving PDCCH

The above

-3

scrambled with an RNTI from a second group of RNTIs.

examples are merely provided for illustrative purposes and it is

not intended to limit the exemplary embodiments in an

o
N

+

way. The

. 1

Lo any number and type of RNTI

(‘1

appiy

- . — K -7 . Nyt K e - -
group and the second group for any

[0042] In addition, the exemplary embodimenits include

implementing control resource set (CORESET) restrictions related
Lo rate matching arocund the LTE CRS. As mentioned above,

implementing these restrictions may enable an operator to

. -

v DSS without placing unreasonable requirements on either

[C043] In some embodiments, the UE 110 may only support rate
T

ching around the LTE CRS for the reception of a CCORESET with

AN

a precoder granularity of “all contiguous resource blocks

16
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{allContigu
indicates that

CORESET are transmitted

the network may assume

. AN X
of “zanme

7 7\ el

AsREG-bundle) . A COI

indicates that DMRS REs

|..-.

transmitted with the

the

appropriate type ©

me

and/or expect the UE

CRS

for a CORE

sameAsREG— the

support the corresponding

The REG

performing

e T

REG bundle size egual to

assumed by tThe network or

the network may

uskBs) .7 CORE

the DMRS syI

that

transmitted

same pre

rate matchin

ssage

110 t«

ET configured with a

In some embodiments, further restrictions
bundle size
the baseband processor Lo

CRS for a

indicated to

PCT/CN2020/120682

this parameter

precoder.

none of the UEs support a

rescurce element group bundle
ESET configured with this parameter

in the same REG-bundle

Thus, the network may

& 4 - o Y A ey - e
0 to perform rate matching

UR

the UE

1
around the LTE CRS for the

precoder granularity

perform rate

UE 110 indicates that 1t does not
capakbility.
may be

for the CORESET, For exanmple, the

perform rate
CORESET wi size

th a REG bundle

— -, Ly
Cegsor Irom

the baseband pro

for a CORESET with a

O
-
o
i
Q.
—+
¢
[
o
]
-
o
=1
@]
s}
n
Hh

This restriction may be

the network by the UE

}...X
<

not transmit and/or expect the UE 1
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o perform rate matching around the LTH

ot

a particular REG bundle

[

configured with

Fomd

F0046] In other embodiments, further

imposed on interleaving of the CORESET.
may configure the baseband processor to
arcund the LTE CRS for only a non-inter
another example, the UE 110 may configu
to perform rate matching around the LTE
an interieaver size that is the same as
These restrictions may be assumed by th

the UE 110, Thus, the ne
*he UE llO C'D .’;rf Tm rat

-d in the

[0047] In a second aspect, the exemp
an exemplary PDCCH DMKS design. Fig. 4

-

exemplary PDCCH DMRS design according to
ermbodiments.
[0048] In this example, the FPDCCH is

{OFIM) domain 405 and twelve subcarrier
domain 410, Those skilled in the art wi

PDCCH ig not limited to
in the freguency and/or

[0049] To aveild

LTE CR3, the NR PDCCH DMES may be confi:
every three subcarriers and in every P
DMRS exists in three conse

18
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NTYO 4T T YT
CRS for a CORESET
Slze.

restrictions may be

For exampl the UE 110

o

perform matching

N
L

leaved CORESET. In

re the baseband processor
CRS for a CORESET with
the REG bundle size.

2 network cated to

3N

navy

e matching around the LTE
ner describe above,
lary embodiments include

shows an exam ﬁ e of an

various exemplary

configured to be three
cy division multiplexing
s {0~11) in the freguency
11 understand that the

and may vary in size
the NR PDCCH DMRS and the

.gured to Ilnclude a IMRS
CCH symbol. Thus, in this

OFD

DM symbols

is configurable RE
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PBCCH DMRS that i1s

b1

1s different than conventiona

configured to include a DMRS avery four subcarriers.

FO0501] In addition, the exem

NR PDCCH DMRS may be

[T

configured with 1figurable resocurce element (RE) offset

e}
0
V)
[

within the resource block (REB). This offset is not required to

v

be static and mayv change on a per RB basis. Thus, at a first

PDCCH DMRS3 with an offset of (N}

-f
D
“
t
)
[
o]
]
-,
-
3
3]
~
[}
D
@]
D
'-—I
4
D

s
{

REs. At a second time, the UE 110 may receive PDCCH DMRS with

0

3]
bt
-

offset of (M) REs where (N} 1s not equal to (M). This

configurable RE offset is different than conventional PDCCH DMRS

0]
2]
sl

that is configured with a fixed RE offset of one

ig. 5 shows three examples 510-530 of LTE CRS

and one example 540 of 5G NR PDCCH DMRS

-3
!

according to various exemplary embodiments.
first example 510 illustrates cne port CRS transmission. Here, a

RE offset of physical cell identity

Py

addition, an LTE CRS symbol

in the frequency domain 502

domain 504, Although not shown in Fig. 5, symbols 7 and 11 may

alsc be configured to include LTE CRS symbols.

F00521 The second example 520 1llustrates two port CRS

ansmission. Here, a RE offset of (PCI mod &) is utilized. I

504, Although not shown in Fig. 5, symbols 7 and 11 may also be

[0053] The third examplie 53

0
fTransmission. Here, a RE offset of (PCI mod ©) is

addition, an LTE CRS symbol is configured to occur every Lhree

-

19
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REs in the freguency domain 502 for symbols €, 1 and 4 in the
DEDM domain 504. Although not shown in Fig. 5, symools 7, 8 and

20 be confi

ot
font

11 may a gured to include LTE CRS symbols. The above
and are not intended to limit the exemplary embodiments in any
Way.
three possible LTE CRS arrvangements. Those skilled in the art

will understand that the location of the LTE CRS symbols may be

initially configured in a different manner and/or shift in the

00547 In some embodiments, to avoild a collision between the
NR PDCCH DMRS and the LTE CRS, the network may configure the NR

PDCCH DMRS 540 such that it does not exist within certain PDCCH

)

symbols. In other words, the network may not configure 5G N

N

F

EY that is

]

PDCCH DMRS in a frequency and time location (e.g. a

[00%5] Example 540 1llustrates an exemplary 5G NR PDCCH DMRS

1
transmission. The 5G NR PDCCH DMRS shown in example 540 is
similar to the exemplary 5G NR PDCCH DMRS shown in Fig. 4.
However, tThe exemplary technigue mentioned above may also be
applicable to legacy PDCCH DMRS configurations and future

Tl

implementations of PDCCH DMRS configurations.

[0056] The network may configure the 5G NR PDCCH DMRS symbols

shown in example 540 such that they do not exist in a RE that is

configured to be used for LTE CRS transmissions. To provide an

example within the context of example 510, the network may
configure the 5G NR PDCCH DMRE to be located within the REs that

are marked DMRS within the box 541 as shown in example 51

20
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[0057] To provide another example within the context of

example 520, the network may configure the 5G NR PDCCH DMRS to

o)

he within the REs that are marked DMRS within the box 5

)y
3]
b

i

T
H-—
i
N
®

shown in example 220. To provide a further example within
context of example 530, the network may configure the HG NR

REs that are marked DMRS within the

g
o
&
¢
0
s
-
=
5
n
[ut
o
)
o
¢
=
.
:
S
S
5
3
o
e
>
D
J

530. As mentioned above, the

equipped with a configurable RE

shown in the box 543 is different

I

=

than the RE offset shown in box 541, 542.

F0058] Those skilled ir art will understand that the

-
e
i~
i
-
a1

~described exemplary embodiments may be implemented in any

&

IO'./V

o
O

suitable software or hardware configuration or combination
therecof. An exemplary hardware platform for implementing the
xemplary embodiments may include, for example, an Intel =86
based platform with compatible operating system, a Windows 0S5, a
Mac platform and MAC G5, a moblle device having an operating
system such as 108, Android, etc. The exemplary embodiments of

the above described method may be embodiec

QJ
8!
U
o3
el
A
=
@)
)]
o]

containing lines of code stored on a non-transitory

ge medium that, when compiled, may be executed on

[0059] Although this application described wvariocus
embodiments each having different features in various

"T

combinations, those skilled in the art will understand that any
of the features of one embodiment may be combined with the
features of the other embodiments in any manner not specifically

disclaimed or which is not functicnally or logically

63}
ot
D
¢t
D
O

inceonsistent with the operation of the device or the

functiocons of the disclosed embodiments.
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o 7 privacy po
and practices that are generally recognized as meeting or

exceeding industry or governmental requirements for maintaining

‘
-

-] = o v T N e P ~ - 7 R R dood
the privacy of users. In particular, personally identifiable

information data should be managed and handled so as to minimize

,_

risks of unintentional ¢y unauthorized access or use, and the

oy bt e [ TR . o] T T T o e B i Ny b oy p
nature of authorized use should be clearly indicated to

F00611] It will be apparent to those skilled in the art that

o}
Q

various modifications may be e in the present disclosure
without departing from the spirit or the scope of the
disclosure. Thus, it is intended that the pr

cover modifications

o

nd variations of this disclosure provided
they come within the scope of the appended claims and the

equivalent.
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What is Claimed:

food

. A baseband processor configured to perform cperations

ith a downlink reference

] 7 { T AT e e
ogy (RAT), wherein the
camped second RAT;

receiving downlink contrel information from the second RAT

via a physical downlink control channel (PDCCH) .

2. The baseband processor of claim 1, wherein the operations
further comprise:

identifying a search space for the PDCCH;

S

when the search space 1s configured after radic resource

control (RRC) setup is complete, performing rate matching around

for the first RAT when receivin

[te

the downlink control information from the second RAT via the

when the gsearch space is configured prior to the RRC setup,
forming rate matching arcund the downlink reference
signal for the first RAT when receiving the downlink control
information from the second RAT wvia the PDCCH.
3. The baseband processor of claim 1, wherein the operations
further comprise:

(CCRESET) associated

I,_J
@]
(0]
o
j
}_l
[y
<
}_l
i3
(o]
&)
@]
o]
o}
&
H
O
}_.J
s
e
n
O
o
I}
9]
@]
[¢]
O]
o+

when the CORESET is configured after radic resource control
{RRC) setup 1s complete, performing rate matching around the

ink reference signal for the first RAT when receiving the

23
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downlink control informaticon from the second RAT wvia the PDCCH;
and
when the CORESET is configured prior to the RRC setup, not

performing rate matching around the downlink reference signal

for the first RAT when receiving the downlink contro
information from the second RAT wvia the PDCCH.

4 Y [ ~ NeaanT £ o~1ad Wi ain he 0

4. The baseband processor of claim 1, wherein the operations

urther comprise:

identifyving a search space for the PDCCH;

when the search space for the PDCCH is user eqguipment (UR)
specific search space (USS), performing rate maltching around the
downlink reference signal for the first RAT when receiving the

ink contro.

when the search space for the PDCCH is a common searct
space (CSS), not performing rate matching around the downlink
reference signal for the first RAT when recelving the downlink

control information from the second RAT via the PDCCH.

1
0
e
o
)
[63]
(D
o
9]
5
[ON
(@]
(]
O
@]
O]
4]
6]
®)
=
O
H
0
F_..I
QO
i_l
=
=
}_\
"~

i
(0]
=
¢
=
+
L)
s
O]
O
o]
0]
]
9]
—+
I_J
O
i‘i

identifyving whether the PDCCH is for the licensed spectrum

rate matching arocund the downlink reference signa
RAT when receiving the downlink control information from the
second RAT wvia the PDCCH; and

when the search space for the unlicensed spectrum, not
ng arcund the downlink reference =i
n receliving the downlink control

G

second RAT wvia the PDCCH.
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6. The baseband processor of claim 1, wherein the operations
further comprise:

identifyving that the downlink control information is a Lype
of downlink control information:

when the type of downlink control information is a first
type, performing rate matching around the downlink reference
signal for the first RAT when receiving the downlink control
information from the szecond RAT via the PDCCH; and

when the type of downlink control informaticon is a second
type, not performing rate matching around the downliink reference
signal for the first RAT when receiving the downlink control
information from the second RAT via the PDCCH.
7. The baseband processor of claim 6, wherein the first type
0f downiink control information is non-fallback downlink control
information and wherein the second type of downlink control
information is i) fallback downlink control information or ii)

special downlink contreol information.
3. The baseband processor of claim 1, wherein the operations
further comprise:
identifyving that the downlink contrel information is
scrambled with a radio network temporary identifier (RNTI)

associated with a first group of RNTI or a second group of RNTI;
when the RNTI is assocliated with the first group of RNTI,
performing rate matching around the downlink reference signal
for the first RAT when receiving the downlink control
information from the second RAT via the PDCCH; and
when the RNTI is assoclated with the second group of RNTI,

erforming rate matching around the downlin

25
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first RAT when receilving the

rom the second RAT via the PDCCH.

9. The baseband processor of claim 1, wherein

of RNTI comprises at least one of a cell RNTI (C

configured scheduling (CS-RNTI), or a modulation
scheme cell RNTI (MCS-~C-RNTI) -

10, The baseband processor of claim 1, wherein

eference szignal (DMRS) an r each sym
PDCCH, the PDCCH DMRS includes one DMRS resource

for

eve elements (REs).

crmunicate wit

led to the

coup

Fi cions comprising:
receiving information associated with

a c
second RAT:

identifying reference occasions

downlink reference s and

receiving downlink contrel information
RAT via a physical downlink control channel
The UE of cla: 11, whereln the operations

26
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technology
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a downlink
{RAT),
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determining that a predetermined condition is satisfied,

wherein receiving the downlink control information includes

rerforming rate matching around the downlink referer

nam
H

of the first RAT based on the predetermined condition being

13. The UE of claim 11, wherein the operations further

transmitting an indication to a currently camped cell of

the second RAT, wherein the indication indicates that the UE is
capable of performing rate matching around LTE cell specific

. - P NN A N T T - N - e 4 - 3 fx by oy e - T -
reference signal {(CRS) during PDCCH recephtion and wherein the

indication is of per band reporting LTyps

('\)

14, The UE of c¢laim 11, wherein the operations fu

predetermined condition is satisfied;

D

determining that

o))

when the predetermined condition i1s satisfied, transmitting
an indication that the UE supports all contiguous resource

Wl o mertke e oz e rant 11 mamrmard el Tl o~NF Fhe aocsand RAT
blocks to a currentlv camped cell of the second RAT.

Az

food

5. The UE of claim 14, wherein the indication further

O

indicates whether the UE supports a control resource set

0]

(CORESET) precoder granularity parameter samelAsREG-bundle.

po—7
-
~a
=
O
"
3
®
i
o
o
3,
o
i
D
]
)]
re]
e
i
L3
o
Q.
{D
o+
¢
10}
=
-
o
D
(o8
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(@]
.
Q.
.
|
-
N
()
=3
3

6, The UE of claim

-t
-

satisfied, the downliink control informaticon comprises a

ot
n
¥

ORESET) that is configured with a

resource element group (REG) bundle size of né6.
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is satisfied, the downlink control informatioc:

i8. The UE of claim 11, wherein, when a

Jetermined conditior

aved control resource set (CORESET

PCT/CN2020/120682

[

[
D
Q,
[0)
)
=
=3
{
O,
Q
©
-
3
a
L
=)

conprises a

control resource set {(CORESET) with an interleaver size that is

the same as a resource element group (RE

19. The UE of claim 11, wherein the downlink c:
information is carried via a PDCCH with demoduls
signal {DMRS) and wherein, for esach symbo

PDCCH DMRS includes cone DMRS resource element

i

three rescurce elements (REs).

20. The UE of claim 11, wherein the downlink

S AT o ey oy b e - TN Y LT J oy rey
informatiocon is a FDRDCCH demod:

o~

includes a configurable rescource element

21. The UE of claim 11, wherein the downlinl

i_.l
[
-
O
i
[
p}
¥
(s
|__I
O
Il
jau:
P
n
@]
o))
=
[
l_! -
()
Q
~
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S
)
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(@]
2
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s
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s
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INTERNATIONAL SEARCH REPORT International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
HO4W 72/12(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO04W; HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS,CNTXT,CNKLVEN,WOTXT,EPTXT,USTXT,3GPP.,IEEE:RAT, first, second, NR, LTE, occasion, DCI, PDCCH,
reference signal, CRS, RRC, prior, after, rate matching, search space, CORESET, USS, CSS, unlicensed spectrum, fall back,
RNTI, DMRS, REG, bundle size, consecutive symbol,contiguous resource

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2020033973 Al (QUALCOMM INC) 13 February 2020 (2020-02-13) 1, 11-15
description, paragraphs [0066]-[0090]

A CN 110612758 A (QUALCOMM INC) 24 December 2019 (2019-12-24) 1-21
the whole document

A CN 111096029 A (1.G ELECTRONICS INC) 01 May 2020 (2020-05-01) 1-21
the whole document

A US 2019268889 A1 (SAMSUNG ELECTRONICS CO LTD) 29 August 2019 (2019-08-29) 1-21
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
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