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57 ABSTRACT

A method and a user equipment (UE) for modulation symbol
mapping are provided. The method comprises mapping the
CQI modulation symbols onto resource units of the second
slot of the allocated subframe, wherein the CQI modulation
symbols are mapped from the first resource unit of the
second slot in a time-first mapping; and mapping the
PUSCH modulation symbols onto resource units of both the
first and second slot of the allocated subframe, wherein the
PUSCH modulation symbols are mapped from the first
resource unit of the first slot in a time-first mapping.

£2 43

!’!M

s 1647



Patent Application Publication

Sep. 10,2020 Sheet 1 of 7

w

US 2020/0287695 Al

t6 17

s

CRED | OEEL CRE TR GG 5B [ RN NN I R ¥
1% 3% 1z 2 b3 2 3 : hed
CEEL L UREL OB ERA0 N A A4 IR R
i 37 iR & Ed ¥ b3 i8 i
. 23 x# i & kS 3
CEEY TR 2y CEEG CURG ] LREY
& 3 %

£

&
»
e

B RO AR R CREE CB2 1 OBal LEBG UEsG Coehi RS
&% # Ee 3 3 % S E¥s i3 14
EEE D URER OB LEHE Lo DEeg CRER CBSG
b & 7 & 37 32 A% s
CREZ D CHER L CREZ CREX | CEEIY CBE2 BB LRI L CBRE 3
i1 iz 1% £ 3 1] i3 4 5
CRER D UHEE D CREZ # R zZ LR#Y CREG Y CHES
3¥ 18 1% 2% 34 33

st 5 28 & % 2
CERI L CRIE D CBE2 2231 CEEL G CREL
3 s 3 & ¥ Ed

2%

FI1G.2



?.,’

o

kS

e
kS

US 2020/0287695 Al

IBER CHss

L

2 e ko )
L g ﬂ.” ok B s &
T

RS

43 ki g : % %
N o FoeiZHiEBIESIER
% L L L

ot
B

kg
wy

e

s
24
FIG. 3A

Sep. 10,2020 Sheet 2 of 7

Mw.. &

a5 b i
& o & F22Y o]
pad R

s

® g
m.m. = 2
%

wide
o IO e

5

E&

2]

& W

5]

Patent Application Publication
2

FIG. 3B



Patent Application Publication

Sep. 10,2020 Sheet 3 of 7

US 2020/0287695 Al

L&

330

F1G. 4

Map the 0O} onto the second slot of the subframe

fiap the PUSCH modulation symbaols onto both the
first and sevond sl

{“‘ 1%

—d

FIG. 5



Patent Application Publication  Sep. 10, 2020 Sheet 4 of 7 US 2020/0287695 A1

25
CRM G DBl 4% i TE U
EE O 7 & % % 4
DERD s [&¢4] s [%¢1 LER
2% & ] 4 F Rt
L CBES ] CRES] CBEE
37 i i &

TRER

] 7 i
CHEX RN TREZ
i i3 B3




Patent Application Publication

Sep. 10,2020 Sheet 5 of 7

US 2020/0287695 Al

T

& 1 %
PRV I B
2 ] o3

CERG

#

i
13

e

TEEG | CEsg D OBed
i ez Pis

s

% 7
TERE | UBSL | OB TEHY | CBIS
3% i

TR L UBaR £
% §

%
:tk
£

22

21

T2

3]

LEEG : CBeg | DAY CEER G ORET TERe Y OGOy O T o o
% 4 5 5 7 B sl % 2 3 Ed %
PR e ; PR R N ¢ TEE L Uy
3 ¥ & 7 & ki &
LRAG e CRER Y CESE ] UBs0
% 33 b 3 2

Thad | LAFR § UBEG L CRAER | (REE

e
Fess

2E I3 e

S

Fud




Patent Application Publication  Sep. 10, 2020 Sheet 6 of 7 US 2020/0287695 A1

730
i E f ~ 705
720 710
740
™ 700
i

FIG.7



Patent Application Publication  Sep. 10, 2020 Sheet 7 of 7 US 2020/0287695 A1

330
i *: ™ 805
W

810

&20
1

gi5  mman ame s

B4D
™~ 500
»’
™ 850
O A
éf*\ 260

FIG. 8



US 2020/0287695 Al

METHOD FOR MAPPING MODULATION
SYMBOLS ONTO RESOURCE UNITS OF
ALLOCATED SUBFRAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2019/076598, filed on Feb. 28,
2019, which claims priority to U.S. Provisional Application
No. 62/636,451, filed on Feb. 28, 2018, the entire disclo-
sures of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention generally relates to the field
of uplink radio communication and, more particularly, to a
method and a user equipment (UE) for modulation symbol
mapping. More particularly still, example aspects herein
relate to method(s) and a user equipment (UE) for mapping
channel quality information, CQI, modulation symbols and
a plurality of Physical Uplink Shared Channel, PUSCH,
modulation symbols onto a subframe having a first slot and
a second slot for transmission on at least one unlicensed
carrier.

BACKGROUND

[0003] Originally, LTE was designed for licensed spectra
where an operator may have an exclusive license for a
certain frequency range. A licensed spectrum offers benefits
since the operator may plan the network and control inter-
ference situations, but there is typically a cost associated
with obtaining the spectrum license and the amount of
licensed spectra is limited.

[0004] Unlicensed spectra, on the other hand, are open for
anyone to use at no cost, subject to a set of rules, for example
on maximum transmission power. Since anyone can use the
spectra, the interference situation is typically much more
unpredictable than for licensed spectra. Consequently, qual-
ity-of-service and availability cannot be guaranteed. Fur-
thermore, the maximum transmission power is modest,
typically, making it unsuitable for wide-area coverage. Wi-
Fi and Bluetooth are two examples of communication sys-
tems exploiting unlicensed spectra in the lower-frequency
range: 2.4 GHz or 5 GHz.

[0005] Therefore, in order to provide spectrum flexibility
the evolution of LTE has extended the operation of mobile-
communication networks into unlicensed spectra as a
complement to licensed spectra, in particular to offer overall
higher data rates and higher capacity in local areas. One
option is to complement the LTE network with Wi-Fi, but
higher performance may be achieved with a tighter coupling
between licensed and unlicensed spectra.

[0006] LTE release 13 therefore introduced license-as-
sisted access (LAA), where a carrier aggregation framework
is used to aggregate downlink carriers in unlicensed fre-
quency bands, primarily in the 5 GHz range, for example,
with carriers also in licensed frequency bands. Mobility,
critical control signaling, and services demanding high
quality-of-service may rely on carriers in the licensed spec-
tra while (at least parts of) less demanding traffic can be
handled by the carriers using unlicensed spectra.

[0007] In this context, Release 13 increased the number of
aggregatable carriers to 32, resulting in a maximum band-
width of 640 MHz and a theoretical peak data rate around 25
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Gbit/s in the downlink. One motivation for increasing the
number of subcarriers is to allow for very large bandwidths
in such unlicensed spectra. These trends continue in the
development of the new 5th generation (5G) mobile com-
munications standard.

[0008] One key feature of the 5G wireless access technol-
ogy, known as new radio (NR), is a substantial expansion in
terms of the range of spectra in which the radio-access
technology can be deployed. Unlike LTE, where support for
licensed spectra at, for example, 3.5 GHz and unlicensed
spectra at, for example, 5 GHz are introduced, NR supports
licensed-spectrum operation from below 1 GHz up to 52.6
GHz already from its first release, and extensions to unli-
censed spectra are also planned. In particular, some of the
higher frequency bands which NR is likely to address are
unlicensed.

[0009] From the above, it can be seen that these two
spectrum types have different benefits and drawbacks. They
may therefore be combined so that licensed spectra are used
to provide wide-area coverage and quality-of-service guar-
antees, while unlicensed spectra are used as a local-area
complement to increase user data rates and overall capacity
without compromising on overall coverage, availability, and
reliability.

SUMMARY

[0010] The present invention provides a method and a user
equipment (UE) for modulation symbol mapping for the
case that one PUSCH TB includes multiple CBs.

[0011] In particular, the present inventors have devised a
method for modulation symbol mapping. The method com-
prises the steps of mapping the CQI modulation symbols
onto the resource units of the second slot of the allocated
subframe, wherein the CQI modulation symbols are mapped
from the first resource unit of the second slot in a time-first
mapping; and mapping the PUSCH modulation symbols
onto the resource units of both the first and second slot of the
allocated subframe, wherein the PUSCH modulation sym-
bols are mapped from the first resource unit of the first slot
in a time-first mapping.

[0012] The present inventors have also devised a computer
program comprising instructions, which, when executed by
a mobile computing device, cause the mobile computing
device to perform the above method.

[0013] The present inventors have also devised a non-
transitory computer-readable storage medium storing the
above computer program.

[0014] The present inventors have also devised a signal
carrying the above computer program.

[0015] The present inventors have also devised a user
equipment, UE, for a radio communications system. The
user equipment comprises a memory, and a processor. The
memory stores one or more computer programs that, when
executed by the processor, cause the processor to execute
operations in accordance with the above method.

[0016] The present inventors have also devised a user
equipment, UE, for modulation symbol mapping. The user
equipment comprises a transmitting/receiving section, a
memory, and a control section. The control section is con-
figured to map the CQI modulation symbols onto resource
units of the second slot of the allocated subframe, wherein
the CQI modulation symbols are mapped from the first
resource unit of the second slot in a time-first mapping; and
map the PUSCH modulation symbols onto the resource units
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of both the first and second slot of the allocated subframe,
wherein the PUSCH modulation symbols are mapped from
the first resource unit of the first slot in a time-first mapping.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Embodiments of the invention will now be
explained in detail, by way of non-limiting example only,
with reference to the accompanying figures, described
below. Like reference numerals appearing in different ones
of the figures can denote identical or functionally similar
elements, unless indicated otherwise.

[0018] FIG. 1 is a schematic illustration showing how a
listen-before-talk mechanism may be performed, according
to an example aspect herein.

[0019] FIG. 2 is a schematic illustration showing how CQI
modulation symbols and PUSCH modulation symbols may
be mapped onto resource units of an allocated subframe
having a first and second slot for transmission on at least one
unlicensed carrier, according to a conventional approach.
[0020] FIGS. 3A and 3B are schematic illustrations show-
ing how an entire code block of the PUSCH may not be
transmitted in a case where the UCI and code blocks are
mapped according to the conventional approach of FIG. 2
and transmission starts from a second candidate starting
point.

[0021] FIG. 4 is a schematic illustration of radio commu-
nications system, according to an example aspect herein.
[0022] FIG. 5 is a flow diagram illustrating a method for
modulation symbol mapping, according to an example
aspect herein.

[0023] FIGS. 6A to 6D are schematic illustrations showing
a method for modulation symbol mapping, according to
example aspects herein.

[0024] FIG. 7 is a block diagram illustrating an example
signal processing hardware configuration of the user equip-
ment 100 of FIG. 4, according to an example aspect herein.
[0025] FIG. 8 is a block diagram illustrating an example
signal processing hardware configuration of the radio base
station 200 of FIG. 4, according to an example aspect herein.

DETAILED DESCRIPTION

[0026] Example embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings.

[0027] Where technical features in the drawings, detailed
description or any claim are followed by reference signs, the
reference signs have been included for the sole purpose of
increasing the intelligibility of the drawings, detailed
description, and claims. Accordingly, neither the reference
signs nor their absence have any limiting effect on the scope
of any claim elements.

[0028] One characteristic of operation in unlicensed spec-
tra is a fair sharing of unlicensed spectra with other operators
and other systems, for example Wi-Fi. There are several
mechanisms that can be used to enable this. By way of
example, dynamic frequency selection (DFS), where the
network node (for example, a DFS-enabled access point)
searches and finds a part of the unlicensed spectra with low
load, can be used to avoid other systems if possible. Further,
the Listen-before-talk (LBT) mechanism, where the trans-
mitter ensures that there are no ongoing transmissions on the
channel prior to transmitting, is another such mechanism. In
the development of NR, LBT has, in particular, been relied
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upon to control interference and to ensure that channels in
the unlicensed spectra are shared fairly between devices of
various operators (for example, LTE, LTE-A, and 5G
devices), Wi-Fi devices, and other systems (for example
radar).

[0029] In general, a device (for example, a radio base
station (eNB) or a user equipment (UE)) operating in
unlicensed spectra is required to perform LBT for a given
channel. The LBT mechanism enables a device to apply
clear channel assessment (CCA) to identity other transmis-
sions in the channel (that is, “listening”) prior to transmitting
on that channel (that is, “talking”). As example, there are
two LBT categories. In the first LBT category, the device
may be required to perform CCA and/or transmission at
fixed times only. In particular, CCA may be performed
during an observation slot, that is, a period during which the
operating channel is checked for the presence of other
devices.

[0030] The device may be required to check for the
presence of another device operating on the channel based
on a detected signal level of that other device. This mecha-
nism may be referred to as energy detect and, in general,
requires determining whether the detected signal level of
another device operating on the channel exceeds a prede-
termined threshold, such as an energy detection threshold.
[0031] In a case where the detected signal level exceeds
the predetermined threshold, the device determines that the
channel is busy or unavailable and does not perform trans-
mission. This situation may be referred to as LBT unsuccess
or LBT failure. In a case where a device fails to perform
transmission, the device may continuously monitor the
channel until the channel becomes available.

[0032] Ifitis determined that the channel is available (that
is, the device does not detect a signal level of another device
that exceeds the predetermined threshold), the CCA mecha-
nism may allow the device to immediately begin transmis-
sion.

[0033] In the second LBT category, the device may have
back-off mechanism when performing CCA. Or the device
may have to observe an amount of CCA slots idle before it
determines that the channel is available. The device may be
required to back off (that is, not to perform transmission) for
a random amount of CCA slots. The random amount of CCA
slots may, for example, be an integer multiple of the obser-
vation slot and be determined according to the transmission
priority. The case in which a device performing CCA
determines that the channel is unavailable, may, as described
above, be described as LBT unsuccess or LBT failure. In the
case of LBT unsuccess, the device may continuously moni-
tor the channel until the channel becomes available.
[0034] If, the random amount of CCA slots are clear, then
the channel is clear (available), the device may then perform
transmission. In contrast, if, at least one of the random
amount of CCA slots are not clear, the channel is unavail-
able, the device fails to perform transmission. This situation
may also be referred to as LBT unsuccess or LBT failure
and, as discussed above, the device may (further) continu-
ously monitor the channel until the random amount of CCA
slots are clear and the channel becomes available.

[0035] FIG. 1 is a schematic illustration showing how a
listen-before-talk mechanism may be performed, according
to an example aspect herein. At time t0, UE 11 performs the
first LBT category, performs CCA during observation slot
13a and determines that wireless access point 12 (an
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example of a Wi-Fi device) is not operating on a channel. As
the channel is available, in accordance with the CCA mecha-
nism, UE 11 begins transmission (on an unlicensed carrier)
on the channel at time t1, as indicated by reference numeral
14.

[0036] Attimet2, UE 11 has been indicated to perform the
second LBT category and wireless access point 12 begins
transmission on the channel, as indicated by reference
numeral 15. At time t3, UE 11 performs CCA during
observation slot 135 and determines that wireless access
point 12 is operating on the channel. Following BT unsuc-
cess, UE 11 continuously monitors the channel during
observation slots 13¢ to 13/ until the wireless access points
ends its transmission and the channel becomes available at
time t4.

[0037] At time t5, UE 11 performs CCA during observa-
tion slot 13g and determines that wireless access point 12 is
not operating on the channel and backs off for a random
period 16. At time t6, UE 11 performs CCA again, during
observation slot 13/ and determines that the channel is still
available. Accordingly, at time t7, UE 11 begins transmis-
sion (on an unlicensed carrier) on the channel, as indicated
by reference numeral 14.

[0038] In the deployment of LTE/NR on unlicensed car-
riers/spectrum, a UE may be triggered to transmit uplink
control information (UCI) along with user data on the
Physical Uplink Shared Channel (PUSCH) on one subframe.
Such a case may occur, for example, if a UE is to transmit
UCI on a Physical Uplink Control Channel (PUCCH) during
a time interval that overlaps with a scheduled PUSCH
transmission on the same carrier, the UE may instead
multiplex the UCI onto the PUSCH. Thus, if the UE is
transmitting on the PUSCH, the UCI is multiplexed with
data on the granted resources (for example, an allocated
subframe) instead of being transmitted on the PUCCH.
[0039] UCI transmitted on the PUSCH or PUCCH may,
for example, include one or more of a scheduling request
(SR), an acknowledgement (ACK) or negative acknowl-
edgement (NACK) for a hybrid automatic repeat request
(HARQ) mechanism, a channel quality indicator, a precod-
ing matrix indicator, and a rank indication.

[0040] Typically, channel quality indicator and/or precod-
ing matrix indicator can be denoted as channel quality
information, CQIL.

[0041] As discussed above, where the UE is configured to
operate both on licensed and unlicensed spectra, the UE may
be indicated to perform the first LBT category or the second
LBT category in order to transmit at fixed times (candidate
starting points). By way of example, a radio frame may
contain a predetermined number of slots organized into
subframes, and the UE may be configured to perform
listening or transmission only at the beginning of a frame,
only at the beginning of a subframe, only at one or more
predetermined slots of a frame, etc.

[0042] In a case where the UE is configured to transmit
UCI on the PUSCH, the UE may have two candidate starting
points for PUSCH transmission in order to improve the
channel access possibility in case the first candidate starting
points is failed due to LBT unsuccess. The candidate starting
points may be at a boundary of a slot or, alternatively, at any
point during a slot.

[0043] Having the flexibility of starting a data transmis-
sion at any point during a slot and not only at the slot
boundaries may be useful when operating in unlicensed
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spectra. In particular, once the unlicensed channel is found
to be available it may be beneficial to start the PUSCH
transmission immediately or at the next symbol boundary,
rather than wait until the start of the slot, in order to avoid
another device initiating a transmission on the PUSCH
subframe. By contrast, if it is necessary to wait until the start
of a slot boundary in order to perform transmission, some
form of dummy data or reservation signal may need to be
transmitted on the channel from the time of a successful
LBT operation until the start of the slot. Such an approach
may thus degrade the transmission efficiency of the system.
[0044] In a case where the UE is configured to transmit
UCT along with user data on one subframe on the PUSCH,
UCI may be considered to have a higher priority than user
data. By way of example, CQI that are scheduled to be
transmitted on a particular subframe should always be
mapped to the second slot of the subframe, regardless of
whether the actual transmission is from the first candidate
point or second candidate points. Furthermore, following the
legacy principle, user data (e.g. in the form of modulation
symbols) should be mapped starting from the second slot,
and then to the first slot, after CQI mapping is finished. Such
a mapping dictates an order of transmission.
[0045] Data to be transmitted as PUSCH information bits
on the PUSCH is provided to the lower layers of a UE from
the upper layers of the UE in the form of transport blocks
(TB). TBs are generally segmented into one or multiple
smaller code blocks (CBs) to reduce memory requirements
when encoding the data in the TB for transmission. A TB
may also comprise a single CB. CBs are generally encoded
in such a manner that the TB can be successfully decoded if,
in a case where there are multiple CBs, at least a part of each
CB or all of each CB is correctly received or if, in a case
where there is a single CB, at least part of that CB or all of
that CB is correctly received.
[0046] Following a PUSCH mapping of the kind set out
above, if PUSCH carries a TB including multiple CBs, any
CBs mapped only to the first slot of the subframe will be
totally dropped (that is, not transmitted) in the case in which
transmission is started from the second candidate starting
point. As a result, the base station (eNB) that receives the TB
transmitted by the UE may be unable to decode the entire TB
due to the non-transmission of one or more CBs. Further-
more, if PUSCH carries a TB including a single CB and the
CB is mapped only to the first slot of the subframe, then the
TB will be totally dropped (that is, not transmitted) in the
case in which transmission is started from the second
candidate starting point.
[0047] FIGS. 2, 3A and 3B illustrate an example of this
issue in a case where a TB comprises three CBs. The
characters in the figure represent the mapping sequence.
[0048] In particular, FIG. 2 is a schematic illustration
showing how UCI (using the example of CQI) and user data
in the form of a plurality of PUSCH CBs, CB #0, CB #1 and
CB #2, may be mapped onto a subframe 20 having a first slot
21 and second slot 22 for transmission on an unlicensed
carrier, according to a conventional approach.
[0049] Note that the illustrated mapping is performed
before applying a Discrete Fourier Transform (DFT) if there
is any DFT operation. In particular, in LTE and later
systems, legacy CQI and PUSCH multiplexing transmission
may include, for example, the following processing steps:
[0050] Coding CQI information bits and user data in the
form of PUSCH information bits separately in order to
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obtain CQI coded bits and PUSCH coded bits. CQI
coded bits and PUSCH coded bits are multiplexed by
first placing the CQI coded bits and then placing the
PUSCH coded bits in a bit stream.

[0051] Scrambling the bit stream by inputting the bit
stream comprising the multiplexed CQI and PUSCH
coded bits to a channel interleaver. The channel inter-
leaver maps the bit stream to a matrix of resource units
corresponding to the resource elements of the uplink
resource grid. Accordingly, in conjunction with the
resource element mapping, the channel interleaver
implements a time-first mapping of modulation sym-
bols onto the transmit waveform, as discussed below:

[0052] Modulating the output bits of the channel inter-
leaver to generate modulation symbols;

[0053] Generating complex-valued symbols by apply-
ing a Discrete Fourier Transform (DFT) to the modu-
lation symbols using a transform precoder; and

[0054] Mapping the complex-valued symbols to
resource elements.

[0055] Accordingly, the illustrated mapping may be that
performed by the channel interleaver.

[0056] In the example shown, the illustrated matrix cor-
responds to a subframe 20 that is part of an uplink resource
grid and comprises resource elements, (that is time and
frequency resources which may be allocated for uplink
transmission). Each resource element in the subframe 20 is
represented by a respective resource unit of the illustrated
matrix. According to 4G and 5G communication standards,
a resource element (RE) is the smallest unit of the resource
grid made up of one subcarrier in frequency domain and one
OFDM symbol in time domain. In the present example, the
subframe 20 is a subframe comprising two slots 21 and 22,
each of which comprises 7 symbols in time domain and 10
subcarriers or resource elements in the frequency domain. It
should be noted that the frequency resources allocated for
uplink transmission should, for example, be an integer
multiple of resource block (RB), one RB comprising 12
subcarriers or resource elements in the frequency domain.
Here we use 10 subcarriers in frequency domain is only to
illustrate the schemes.

[0057] As shown in FIG. 2, a PUSCH Demodulation
Reference Signal (DMRS) 25 may be transmitted in the
resource elements allocated to a user in the fourth symbol of
each slot and therefore, for both slots 21 and 22, DMRS is
shown as mapped to the fourth resource unit of each row of
the illustrated matrix. Accordingly, the number of resource
units of the matrix to which CQI and user data may be
mapped (and thus the number of resource elements to which
modulation symbols may be subsequently mapped) is
10*12=120. The number of bits of the bit stream mapped to
each resource unit corresponds to the modulation order of
the subsequently generated modulation symbols. For
example, in a case where the modulation order is 4 (i.e.
16QAM is used), four bits are mapped to each resource unit
which corresponds to one modulation symbol being subse-
quently mapped to each resource clement.

[0058] The first candidate starting point 23 is at the start of
the first slot 21 (that is, a first boundary of the first slot 21
in the time domain) and the second candidate starting point
24 is at the start of the second slot 22 (that is, a first boundary
of the second slot 22 in the time domain).

[0059] UCI 26, in the form of a CQI in the present
example, is mapped from a first unit, of the second slot 22
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in a time-first mapping (that is, an order) which first follows
a time direction of the second slot 22 and then follows a
frequency direction of the allocated frequency resource of
the second slot 22. After UCI mapping in this order is
finished (in the example of FIG. 2 for CQI_0, ..., CQI_14),
the PUSCH modulation symbols (in this case, units of four
coded bits) of PUSCH CBs, CB #0, CB #1 and CB #2 are
mapped from a first available resource unit of the second slot
in a time-first mapping which first follows the time direction
of the second slot 22 and then follows the frequency
direction of the allocated frequency resource of the second
slot 22, until a modulation symbol has been mapped to each
resource unit of the second slot 22. The remaining modu-
lation symbols of the PUSCH CBs, CB #0, CB #1 and CB
#2, in the example of FIG. 2 for CB #1_10, ..., CB #2_34,
are then mapped from a first resource unit of the first slot 21
in a time-first mapping which first follows a time direction
of the first slot 21 and then follows a frequency direction of
the allocated frequency resource of the first slot 21, until
mapping of the entire PUSCH CBs, CB #0, CB #1 and CB
#2, is completed.

[0060] As shown in FIG. 2, according to this conventional
approach, the third PUSCH CB CB #2 is mapped entirely to
the first slot 21.

[0061] FIGS. 3A and 3B are schematic illustrations show-
ing how an entire code block CB #2 may not be transmitted
in a case where the UCI and code blocks are mapped
according to the conventional approach of FIG. 2 and
transmission starts from a second candidate starting point
24.

[0062] In particular, FIG. 3A shows a situation in which,
during an observation slot 13, it is determined that the
channel is available. In this example, a CCA mechanism is
used so transmission of the first slot 21 begins at the first
candidate starting point 23 without a random back-off
period. However, as shown in FIG. 3B, in a case where it is
determined that the channel is not available during obser-
vation slot 13, data mapped to the first slot 21 is not
transmitted. Even if, in a subsequent observation slot (not
shown) it is determined that the channel is available and
transmission begins (only) at the second candidate starting
period 24, transmission will start only from the second slot
22. As a result, data mapped to the first slot will not be
transmitted.

[0063] As noted above, all the user data of the third
PUSCH CB CB #2 would be mapped to the first slot 21.
Therefore, the entire third PUSCH CB CB #2 will not be
received and decoded. As many widely used coding strate-
gies, such as turbo coding, require all the CBs are correctly
decoded so that the whole TB may pass the cyclic redun-
dancy check, it is likely that the non-transmission of one CB
will prevent the entire TB from being decoded correctly by
the receiving device. While the example of FIGS. 2, 3A and
3B illustrate this issue in relation to a TB segmented into
multiple CBs, this issue may also arise where the TB
comprises a single CB.

[0064] As such there is a need in the art to develop better
mapping methods.

[0065] FIG. 4 is a schematic illustration of radio commu-
nications system 10 according to an example aspect herein.
The radio communications system 10 comprises a user
equipment (UE) 100 and radio base station 200. UE 100 is
in radio communication with radio base station 200. Radio
base station 200 may, as in the present embodiment, be a
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LTE-A eNodeB. Alternatively, the radio base station may be,
for example, a 5G gNB (next generation NodeB).

[0066] Radio base station 200 provides access to a radio
communications network for UE 100 in cell 300, for
example via beamforming. In the example shown in FIG. 1,
the radio base station 200 serves a single UE 100. However,
in alternative embodiments, the radio base station 200 may
provide service to multiple UEs.

[0067] UE 100 (which may be configured not to transmit
PUSCH and PUCCH simultaneously) may, as in the present
embodiment, be configured to transmit user data in the form
of PUSCH modulation symbols and/or UCI (such as, for
example, CQI) modulation symbols to the radio base station
200 on the PUSCH and/or to transmit UCI to the radio base
station 200 on the PUCCH. The UE 100 may, as in the
present embodiment, also be configured to perform trans-
mission to the radio base station 200 on other channels
and/or to receive information transmitted by the radio base
station 200 on downlink channels.

[0068] The UCI may, as in the present embodiment,
comprise channel quality information, CQI, for example,
one or more of channel quality indicator and/or one or more
of precoding matrix indicator. Alternatively, the UCI may
comprise, by way of example, at least one of a SR; a HARQ
ACK or a HARQ NACK; a channel quality indicator, a
precoding matrix indicator, and a rank indication.

[0069] UE 100 may, as in the present embodiment, com-
prise a control section 110, a transmitting/receiving section
120 and a memory 130. UE 100 may map channel quality
information, CQI, modulation symbols and PUSCH modu-
lation symbols onto resource units of an allocated subframe
20 (shown in FIGS. 6A to 6D) having a first and second slot
20, 21 (shown in FIGS. 6A to 6D) for transmission on at
least one unlicensed carrier. By way of example, the mapped
CQI modulation symbols and PUSCH modulation symbols
may be transmitted on a single unlicensed carrier. Alterna-
tively, the mapped CQI modulation symbols and PUSCH
modulation symbols may be transmitted on multiple unli-
censed carriers.

[0070] In general, mapping modulation symbols (for
example, UCI and/or user data of a CB or TB) to an
allocated subframe 20 may, as in the present embodiment,
comprise allocating at least one frequency resource of the
allocated subframe 20. The allocated frequency resource is
an integer multiple of resource block (RB) and is represen-
tative of, for example, an integer multiple of resource
element, RE, of that allocated subframe in the uplink
resource grid to be used when transmitting the PUSCH. A
matrix of resource units corresponding to the allocated
resource elements of the allocated subframe is assumed for
modulation symbols mapping, for example, the row of the
matrix corresponding to the allocated subcarriers of the
allocated subframe, the column of the matrix corresponding
to the allocated data symbols of the allocated subframe.
Typically, a resource unit may be considered to be available
if a modulation symbol has not been mapped thereto and/or
the resource unit is not reserved for specific information
(such as DMRS or the like).

[0071] The control section 110 may map the CQI modu-
lation symbols onto resource units of the second slot 22 of
the allocated subframe 20, wherein the CQI modulation
symbols are mapped from the first resource unit of the
second slot 22 in a time-first mapping. The CQI modulation
symbols may, as in the present embodiment, be mapped in
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a time-first mapping which first follows a time direction of
the second slot 22 and then follows a frequency direction of
the allocated frequency resources of the allocated subframe
20. That is the resource amount of CQI modulation symbols
is mapped across the second slot 22.

[0072] The control section 110 may further map the
PUSCH modulation symbols onto the resource units of both
the first and second slot 21, 22 of the allocated subframe,
preferably according to a second time-first mapping which is
different from the first time-first mapping.

[0073] In particular, the PUSCH modulation symbols may,
as in the present embodiment, be mapped from the first
resource unit of the first slot in a time-first mapping which
first follows the time direction of both the first and second
slot and then follows the frequency direction of the allocated
frequency resource of the allocated subframe. For example,
the second time-first mapping may be an order which starts
at the first resource unit of the first slot and first follows the
time direction of both the first and second slot 21, 22 and
then follows the frequency direction of the allocated fre-
quency resources of the allocated subframe 20 (while skip-
ping resource units used for UCI mapping in the second slot
22), i.e. across the entire subframe. Other preferred embodi-
ments of the second time-first mapping will be illustrated
below.

[0074] In order to ensure that the radio base station 200
able to correctly decode CQI modulation symbols and
PUSCH modulation symbols of one or more CBs transmit-
ted by the UE 100, the control section 110 of the UE 100
may be configured to map the CQI modulation symbols and
PUSCH modulation symbols onto a subframe 20 using a
mapping that is known to the radio base station 200. By way
of example, the radio base station may, as in the present
embodiment, be configured to transmit, to the UE 100,
information indicative of the first time-first mapping and the
second time-first mapping to be used in mapping the CQI
modulation symbols and PUSCH modulation symbols at
some time prior to the UE 100 performing uplink transmis-
sion. The radio base station 200 may, as in the present
embodiment, be configured to transmit this information on,
for example, the PDCCH. Alternatively, the radio base
station 200 may be configured to transmit this information or
using higher layer signaling. Furthermore, the radio base
station 200 may be configured to transmit information
indicative of the first time-first mapping and the second
time-first mapping to be used in mapping to all UEs in the
cell 300 or the radio base station 200 may be configured to
transmit information indicative of different respective first
and second time-first mappings to be used in mapping to
each UE in the cell 300.

[0075] By way of alternative, the radio base station 200
and the UE 100 may determine the mapping to be used by
the UE 100 in any suitable manner known to those skilled in
the art.

[0076] The control section 110 and transmitting/receiving
section 120 may be configured to perform any further
processing necessary for transmission of the CQI modula-
tion symbols and PUSCH modulation symbols, including,
for example, those discussed above in relation to FIG. 2. The
transmitting/receiving section 120 may, as in the present
embodiment, be configured to transmit the CQI modulation
symbols and PUSCH modulation symbols on the PUSCH
after they have been mapped to the subframe 20.
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[0077] The memory 130 may be configured to store the
UCI and user data prior to processing this information, as
well as to store CQI coded bits and PUSCH coded bits
and/or CQI modulation symbols and PUSCH modulation
symbols prior to transmission. The memory 130 may be
further configured to store computer instructions which,
when executed by the control section, cause the control
section to operate as described above.

[0078] FIG. 5 is a flow diagram illustrating a method for
modulation symbol mapping, according to an example
aspect herein.

[0079] Inprocess S10 of FIG. 5, the control section 110 of
UE 100 maps the CQI modulation symbols onto the resource
units of the second slot 22 of the allocated subframe 20,
wherein the CQI modulation symbols are mapped from the
first resource unit of the second slot 22 in a time-first
mapping.

[0080] In this context, mapping information in an time-
first mapping may comprises mapping information in an
order which first follows the time direction of a slot and then
follows the frequency direction of allocated frequency
resource of the allocated subframe 20. Such a time-first
mapping may, as in the present embodiment, comprise:
[0081] mapping a first part (by way of example, a prede-
termined number of bits or bytes, which may be selected
based, for example, on the modulation order to correspond
to a modulation symbol) of the information to a first resource
unit on a first row (which may correspond to, for example,
a RE on a first (unlicensed) subcarrier in the allocated
frequency domain of the allocated subframe 20) of the slot
in the time domain;

[0082] mapping each subsequent part of the information to
a respective subsequent resource unit on the first row of the
slot in the time domain; and

[0083] once, each resource unit on the first row of the slot
has had a part of the information mapped thereto, mapping,
for each subsequent row of the subframe 20, a part of the
information to each resource unit of the slot on that subse-
quent row starting from a first resource unit of the slot in the
time domain.

[0084] The mapping may continue until each part of the
information has been mapped to a respective resource unit of
the slot or until a respective part of the information has been
mapped to each resource unit of the slot. Furthermore, the
mapping may be carried out in respect of all rows of the
subframe 20 or in respect of a subset of rows of the subframe
20.

[0085] In the present embodiment, each modulation sym-
bol includes a number of bits corresponding to a selected
modulation scheme for transmitting the modulation sym-
bols. Alternatively, one modulation symbol may be mapped
to each resource unit.

[0086] In process S12 of FIG. 5, the control section 110
maps the PUSCH modulation symbols onto the resource
units of both the first and second slot 21, 22 of the allocated
subframe 20.

[0087] By way of example the mapping onto both the first
and second slots 21, 22 may, as in the present embodiment,
be performed in a second time-first mapping which is
different from the first time-first mapping (which is used in
mapping the CQI modulation symbols). The PUSCH modu-
lation symbols may be mapped from the first resource unit
of'the first slot in a time-first mapping which first follows the
time direction of both the first and second slot and then

Sep. 10, 2020

follows the frequency direction of the allocated frequency
resource of the allocated subframe. That is, the second
time-first mapping may follow the time direction of the first
and the second slot 21, 22 and the frequency direction of the
allocated frequency resource of the subframe 20 so that the
PUSCH modulation symbols are mapped across the sub-
frame 20 while skipping resource units used for the UCI

mapping.

[0088] By way of alternative, the PUSCH modulation
symbols formed by concatenation of the modulation sym-
bols of one or more code blocks, CBs, of one transport
block, TB.

[0089] By way of alternative, the PUSCH modulation
symbols may be formed by the modulation symbols of one
or more CBs of one TB, and the amount of the resource units
for mapping the modulation symbols of each CB of the
PUSCH may be the same or almost the same; and/or, the
amount of resource units on the first slot and that on the
second slot for mapping the modulation symbols of each CB
of the PUSCH are the same or almost the same. That is, the
second time-first mapping, for each of the CBs, first follows
the time direction of the second slot 22 and then follows the
frequency direction of the allocated frequency resource of
the subframe 20, and subsequently follows the time direc-
tion of the first slot 21 and then follows the frequency
direction of the allocated frequency resource of the subframe
20.

[0090] By way of example, the plurality of PUSCH coded
bits may form one or more PUSCH code blocks, CBs, (CB
#0, CB #1, CB #2) of one transport block, TB. That is, the
plurality of PUSCH coded bits may form a single PUSCH
CB or a plurality of PUSCH CBs of one TB. In general,
mapping information (for example, the PUSCH coded bits
of'each of a plurality of PUSCH CBs) onto both the first and
second slots 21, 22 may ensure that, for each PUSCH CB,
part of the data of that PUSCH CB is mapped to the first slot
21 and part of the data of that PUSCH CB is mapped to the
second slot 22.

[0091] By way of example, mapping information onto
both the first and second slots 21, 22 may comprise modi-
fying the procedure discussed above in relation to step S10
of FIG. 5 such that, for each row of the matrix corresponding
to the subframe 20 (or a subset thereof), a part of the
information is mapped to each resource unit of the subframe
20 on that row (that is, mapping a part of the information to
every available resource unit on a given row of both the first
slot 21 and the second slot 22, before mapping parts of the
information to resource allocation units on a subsequent
row).

[0092] Additionally or alternatively, mapping information
onto both the first and second slots 21, 22 may comprise
modifying the mapping process discussed in relation to
process S10 of FIG. 5 to alternate between mapping infor-
mation to the columns correspond to the first slot 21 and to
the second slot 22. In general, alternating may imply that
parts of the information to be transmitted are mapped to both
slots before parts of the information have been mapped to all
of the resource units of either slot.

[0093] The control section 110 of the UE 100 may be
configured not to map the PUSCH modulation symbols to
resource units to which the CQI has been or is mapped.
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[0094] The process of FIG. 5 may further comprise the
process of performing a Discrete Fourier Transform, DFT,
operation on the mapped UCI and PUSCH modulation
symbols for each column.

[0095] Additionally or alternatively, the process of FIG. 5§
may further comprise the process of calculating an amount
of resource units for the CQI modulation symbols, prior to
mapping the UCI onto the second slot. Accordingly, the CQI
modulation symbols may be mapped onto the resource units
of the second slot 22 of the allocated subframe 20 with an
amount of mapped resource units equal to the amount of the
calculated resource units.

[0096] As is apparent from the preceding description of
the operations performed by the UE 100, by mapping the
PUSCH modulation symbols onto both the first and second
slots 21, 22 in a second time-first mapping, process of FIG.
5 enables the UE 100 to map, for a given TB including one
or more CBs, each CB of that TB onto both the first slot 21
and the second slot 22 of the candidate subframe 20.
Accordingly, the process of FIG. 5 may solve the problem
discussed above in relation to conventional systems.
[0097] Inparticular, in the example embodiment described
above and the further embodiments described below, mecha-
nism(s) are provided to enable the UE 100 to map PUSCH
modulation symbols such that each CB of one TB is mapped
onto both the first slot 21 and the second slot 22 of the
candidate subframe 20 for the case that one PUSCH TB
includes a single CB or multiple CBs. Based on this mecha-
nism, if the UE 100 has to transmit the PUSCH at the second
slot 22 due to the channel access failure at the first slot 21,
the radio base station 200 may also correctly decode each
CB since it can receive at least partial information of each
CB (in some embodiments the eNB can receive the impor-
tant part information, e.g., the system information, of each
CB). Hence there is some possibility that the radio base
station 200 could successfully demodulate the PUSCH in
this case.

[0098] Accordingly, the UE 100 may, as in the present
embodiment, be further configured to performing listen
before talk, LBT, in respect of a frequency channel prior to
a first candidate starting point for transmission and to
transmit the mapped PUSCH and the mapped UCI from the
first candidate starting point, in a case where it is determined
that the channel is available. Furthermore in a case where it
is determined that the channel is unavailable, the UE 100
may be further perform listen before talk, L.BT, in respect of
the frequency channel prior to a second candidate starting
point for transmission and, in a case where it is determined
that the channel is available, to transmit the mapped PUSCH
and the mapped UCI from the second candidate starting
point.

[0099] By way of example, the first candidate starting
point for transmission may be located at a boundary of the
first slot in the time domain and the second candidate
starting point for transmission may be located at a boundary
of the second slot in the time domain. Alternatively, the first
candidate starting point for transmission may not be located
at a boundary of the first slot in the time domain and the
second candidate starting point for transmission may not be
located at a boundary of the second slot in the time domain.
[0100] The process of FIG. 5 and any additions thereto and
alterations thereof (and, thus, any of the mapping results
discussed below in relation to FIGS. 6A-6D) may be imple-
mented be any suitable means. By way of example, the
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process of FIG. 5 may be implemented by the UE 100.
Alternatively, the process of FIG. 5 may be implemented by
a computer program comprising instructions, which, when
executed by a computer, cause the computer to perform the
process of FIG. 5. Such a computer program may be stored
on a non-transitory computer-readable storage medium or
carried by a signal. By way of further alternative, the process
of FIG. 5 may be implemented by mobile computing device
comprising a processor and a memory, wherein the memory
is configured to store instructions which, when executed by
the processor, cause the processor to perform the process of
FIG. 5.

[0101] FIGS. 6Ato 6D are schematic illustrations showing
a method for modulation symbol mapping, according to an
example aspects herein.

[0102] The PUSCH modulation symbols may, as in the
embodiments of FIGS. 6A to 6D, form a plurality of CBs CB
#0, CB #1, CB #2 of one TB. However, this is not limiting
and the coded bits may form a single CB of one TB or be
organised in any other suitable manner known in the art.
[0103] The subframe 20 may be represented by a matrix of
resource units, as shown in the embodiments of FIGS. 6A to
6D, corresponding to a part of an uplink resource grid
comprising time and frequency resources which may be
allocated to uplink transmission. As an example, the sub-
frame 20 may, as in the embodiments of FIGS. 6A to 6D, be
a subframe comprising two slots 21 and 22, each of which
comprises 7 symbols in time domain and 10 subcarriers or
resource elements in the frequency domain.

[0104] Alternatively, the subframe may be a subframe of
any telecommunications standard, including—but not lim-
ited to—LTE, LTE-A, UMTS, 3G, 4G, 5G. By way of
further alternative, the subframe 20 may comprise three or
more slots. Furthermore, in some embodiments, each of the
slots may comprise 2, 4, 7, 14, or any other suitable number
of symbols in time domain and/or each of the slots may
comprise 12, 24, or any other suitable number of subcarriers
or resource elements in the frequency domain.

[0105] The mapping may, as in the embodiments of FIGS.
6A to 6D, comprise mapping the CQI modulation symbols
26 and the PUSCH modulation symbols onto resource units
corresponding to resource elements, REs, of a subframe.
Alternatively, the mapping of FIGS. 6A to 6D may be
adapted to allow mapping of the CQI modulation symbols
26 and the PUSCH modulation symbols onto resource units
representing resource allocation units of an allocation sub-
frame of any telecommunications standard, including—but
not limited to—LTE, LTE-A, UMTS, 3G, 4G, 5G.

[0106] In addition, the candidate starting points 23, 24
may, as in the embodiments of FIGS. 6A to 6D, be located
at the boundaries of the first and second slot 21, 22.
Alternatively, the candidate starting points 23, 24 may be
located at the boundaries of any symbols during a slot.
Alternatively, the candidate starting points 23, 24 may be
located at any point during a slot.

[0107] Furthermore, in the embodiments of FIGS. 6A to
6D, a PUSCH Demodulation Reference Signal (DMRS) 25
is transmitted in the fourth symbol of each slot (i.e., symbol
#3 in one slot) for all the allocated frequency RB(s) and
therefore, for both slots 21 and 22, DMRS is shown as
mapped to the fourth resource unit of each row of the
illustrated matrix, or the illustrated matrix does not com-
prising the columns for DMRS symbols. That is, the UE 100
may, as in the embodiments of FIGS. 6A to 6D, be config-
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ured to transmit PUSCH DMRS during the fourth symbol of
each slot 21, 22 of the subframe 20 on all allocated subcar-
riers. Alternatively, a PUSCH DMRS 25 may be mapped to
the second symbol of each slot for all allocated subcarriers
or mapped to any other suitable symbol and allocated
subcarriers.

[0108] By way of further alternative, the UCI 26 may, as
in the embodiment of FIGS. 6A to 6D, comprise CQI
(Channel Quality Indicator and/or Precoding Matrix Indica-
tor). Alternatively, the UCI 26 may comprise, by way of
example, at least one of a SR; a HARQ ACK or a HARQ
NACK; a channel quality indicator, a precoding matrix
indicator, and a rank indication. Furthermore, the mapping
may, as in the embodiment of FIGS. 6 A to 6D, be performed
before a DFT operation is performed, in a case in which a
DFT operation is to be performed.

[0109] Note that a matrix of resource units corresponding
to the allocated resource elements of the allocated subframe
is assumed for CQI and PUSCH mapping, the rows of the
matrix corresponding to the allocated subcarriers of the
allocated subframe, the columns of the matrix corresponding
to the allocated data symbols of the allocated subframe.
Further, the columns of the matrix comprising the first
column set corresponding to the allocated data symbols on
the first slot of the allocated subframe and the second
column set corresponding to the allocated data symbols on
the second slot of the allocated subframe.

[0110] First Example Mapping

[0111] FIG. 6A illustrates a first example mapping result
according to an exemplary embodiment herein. Accordingly,
the UE 100 of FIG. 4 may achieve this mapping result
through the following implementations. It is noted that those
implementations could be applied in the following order, or
in some other order, or some of them may be omitted.

1) According to a first step, the UE 100 calculates the
resource amount for CQI 26. In the embodiment of FIG. 6A
the resource amount is 15 resource units CQI_0, . . .,
CQI1_14.

2) Then, the UE 100 maps the CQI modulation symbols 26
onto resource units of the second column set 22 of the
illustrated matrix. As illustrated in FIG. 6 A CQI may be
mapped from the first resource unit (CQI_0) of the first
column of the second column set 22 in an order which first
follows the column of the second column set 22 and then
follows the row of the illustrated matrix 20.

3) The UE 100 then maps the PUSCH modulation symbols
of PUSCH CBs (here, CB #0, CB #1, CB #2) onto resource
units of the illustrated matrix. PUSCH modulation symbols
are mapped from the first resource unit (CB #0_0) of the first
column of the first column set, in a second order which first
follows the column of the illustrated matrix 20, i.e. across
both the first column set 21 and the second column set 21,
and then follows the row of the illustrated matrix 20.
[0112] When the mapping comes across resource units
CQLO, . .., CQI_14 which should be/have been used for
CQI mapping, the UE 100 should skip these resource units
CQLO, . .., CQI_14 when performing the PUSCH map-
ping, as illustrated in FIG. 6A.

[0113]

[0114] FIG. 6B illustrates a second example mapping
result according to an exemplary embodiment herein. The
UE 100 may achieve this mapping result through the fol-
lowing implementations. It is noted that those implementa-
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tions could be applied in the following order, or in some
other order, or some of them may be omitted.

1) According to a first step, the UE 100 calculates the
resource amount for CQI 26. In the embodiment of FIG. 6B
the resource amount is 15 resource units CQI_O0, . . .,
CQI_14.

2) Then, the UE 100 maps the CQI modulation symbols 26
onto resource units of the second column set 22 of the
illustrated matrix. As illustrated in FIG. 6B, CQI may be
mapped from the first resource unit (CQI_0) of the first
column of the second column set 22 in an order which first
follows the column of the second column set 22 and then
follows the row of the illustrated matrix 20.

3) Then, in contrast to the first example mapping result
described in relation to FIG. 6A, the UE 100 may calculate
the resource amount (here, CB #0_0, . . . , CB #0_35; CB
#1.0,...,CB#1_35,CB#2_0,...,CB #2_35) for the
PUSCH modulation symbols of each CB (here, CB #0, CB
#1, CB #2) of the plurality of PUSCH CBs based on a
principle mechanism that the same or almost the same
resource units (corresponding to a number of REs) on each
column set 21, 22 (and thus, on each of the first and second
slot) should be allocated to each CB, or the PUSCH CBs
should be mapped such that a same ratio of resource units
(corresponding to a number of REs) between each column
set 21, 22 is maintained for each CB.

[0115] Such a resource calculation should exclude CQI
resources CQI_O0, . . ., CQI_14.

[0116] By way of non-limiting example, as illustrated in
FIG. 6B, fifteen resource units are allocated for each of CB
#0, CB #1, and CB #2 respectively in the second column set
22 of the illustrated matrix and twenty resource units are
allocated for each of CB #0, CB #1, and CB #2 respectively
in the first column set 21 of the illustrated matrix.

[0117] 4) Then, the UE may map the PUSCH modulation
symbols of the PUSCH CBs (here, CB #0, CB #1, CB #2)
onto resource units of the illustrated matrix 20 in accordance
with the resource amounts calculated in step 3. The PUSCH
modulation symbols of the PUSCH CBs are mapped to the
calculated resource amounts of each column set 21, 22 and
within each column set 21, 22, for the PUSCH modulation
symbols of the PUSCH CBs, mapping is performed in an
order which first follows the column of one column set and
then follows the row of the illustrated matrix. Such a
mapping could start with the first column set 21 first and the
second column set 22 second, or in reverse.

[0118] More generally, the UE 100 may then map the
PUSCH modulation symbols of the plurality of PUSCH CBs
onto both the first and second slot 21, 22 by mapping the
PUSCH modulation symbols in a second order which, for
each of the PUSCH CBs CB #0, CB #1, CB #2, first follows
the column of the second column set 22 and then follows the
row of the illustrated matrix 20, and subsequently follows
the column of the first column set 21 and then follows the
row of the illustrated matrix 20. By way of example, the UE
100 may map the PUSCH modulation symbols of plurality
of PUSCH CBs, for each of the first and second column set
21, 22, in an order which first follows the column of that
column set and then follows the row of that illustrated
matrix, starting from the first available resource unit (in this
example, CB #0_0) of the second column set 22.

[0119] The UE 100 may, as in the present embodiment,
map the PUSCH CBs CB #0, CB #1, CB #2 to the first and
second column sets 21, 22 such that the same or almost the
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same number of resource units on each column set (and this,
on each slot for transmission) are allocated to each CB, or
such that a same ratio of a number of resource units allocated
on the first column set 21 of the illustrated matrix 20 to a
number of resource units allocated on the second column set
22 of the illustrated matrix 20 is maintained for each CB CB
#0, CB #1, CB #.

[0120] By way of non-limiting example, CB #0, CB #1,
and CB #2 may, as shown in FIG. 6B, be firstly mapped onto
the second column set 22 of the illustrated matrix 20 after
CQI 26, and then mapped onto the first column set 21 of the
illustrated matrix 20. Such a mapping may be advantageous
in that it may enhance transmission performance because
this mechanism may map most of the system bits on the
second column set 22, and thus to the second slot 22, where
the second slot 22 has more transmission opportunities, and
therefore a higher transmission probability, than the first slot
21.

[0121] Third Example Mapping

[0122] FIG. 6C illustrates a third example mapping result
according to an exemplary embodiment herein. The UE 100
may achieve this mapping result through the following
implementations. It is noted that those implementations
could be applied in the following order, or in some other
order, or some of them may be omitted.

1) According to a first step, the UE 100 calculates the
resource amount for CQI 26. In the embodiment of FIG. 6C
the resource amount is 15 resource units CQI_0, . . .,
CQI1_14.

2) Then, the UE 100 maps the CQI modulation symbols 26
onto resource units of the second column set 22 of the
illustrated matrix 20. As illustrated in FIG. 6C, CQI may be
mapped from the first resource unit (CQI_0) of the first
column of the second column set 22 in an order which first
follows the column of the second column set 22 and then
follows the row of the illustrated matrix 20.

3) Then, in contrast to the first and second example mapping
results described above in relation to FIGS. 6A and 6B
respectively, the UE 100 may map the PUSCH modulation
symbols of the PUSCH CBs (here, CB #0, CB #1, CB #2)
onto resource units of the illustrated matrix 20, whereby
PUSCH modulation symbols of the PUSCH CBs are
mapped starting from the first resource unit CB #0_0 of a
first column on the second column set 22 after the CQI
mapping in an order which first follows the column of the
illustrated matrix 20 and then follows the row of the illus-
trated matrix 20.

4) After finishing the mapping of the last resource unit CB
#2_16 of the second column set 22, the UE may be config-
ured to map the remaining PUSCH modulation symbols of
the plurality of PUSCH modulation symbols of the PUSCH
CBs CB #0, CB #1, CB #2 in this order onto remaining
resource units CB #2_17, .. ., CB #2_34 of the first column
set 21 of the illustrated matrix 20, starting from the first
resource unit CB #2_17 of a first column of the first column
set 21, until the mapping is finished. The remaining available
resource units CB #2_17, .. ., CB #2_34 of the first column
set 21 correspond, in the frequency domain, to the rows of
resource units of the second column set 22 onto which the
CQI 26 has previously been mapped.

[0123] [Fourth Example Mapping]

[0124] FIG. 6D illustrates a fourth example mapping
result according to an exemplary embodiment herein. The
UE 100 may achieve this mapping result through the fol-
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lowing implementations. It is noted that those implementa-
tions could be applied in the following order, or in some
other order, or some of them may be omitted.

1) According to a first step, the UE 100 calculates the
resource amount for CQI 26. In the embodiment of FIG. 6B
the resource amount is 15 resource units CQI_O0, . . .,
CQI1_14.

2) Then, the UE 100 maps the CQI modulation symbols 26
onto resource units of the second column set 22 of the
illustrated matrix 20. As illustrated in FIG. 6D, CQI 26 may
be mapped from the first resource unit (CQI_0) of the first
column of the second column set 22 in an order which first
follows the column of the second column set 22 and then
follows the row of the second column set 22/illustrated
matrix 20.

3) Then, the UE 100 may, as in the present embodiment, be
configured to map the PUSCH modulation symbols of the
PUSCH CBs CB #0, CB #1, CB #2, onto the resource units
of the illustrated matrix 20 starting from a first resource unit
of the first column the second column set 22 after the UCI
mapping, to each resource unit on a row comprising a last
resource unit of the CQI mapping.

[0125] That is, the UE 100 maps the PUSCH modulation
symbols of the PUSCH CBs (here, CB #0, CB #1, CB #2)
on the candidate subframe 20, whereby the mapping of
PUSCH modulation symbols of the PUSCH CBs CB #0, CB
#1, CB #2 is firstly started on the row (that is, a row in the
matrix 20 illustrated in FIG. 6D and corresponding to an
allocated frequency resource) at which the CQI mapping has
finished on the second column set 22 (i.e. a PUSCH CB
(here CB #0). Mapping starts directly following the last
resource unit CQI_14 of the CQI mapping, optionally with
a demodulation reference signal (DRMS) therebetween as
illustrated in FIG. 6D) until all resource units on that row in
the second column set 22 have been allocated. In the
example of FIG. 6D, PUSCH modulation symbols of the
PUSCH CBs are mapped to resource units CB #0_0, CB
#0_1, CB #0_2 in this step.

[0126] 4) Then, the UE 100 may be further configured to
map the PUSCH modulation symbols of the PUSCH CBs
CB #0, CB #1, CB #2, starting from a first resource unit of
the first column of the first column set 21, to available
resource units of the first column set 21 and the second
column set 22 in an order which first follows the column of
the illustrated matrix 20 and then follows the row of the
illustrated matrix 20.

[0127] That is, the mapping is continued from the first
resource unit CB #03 of the first column of the firstcolumn
set 21 in an order which first follows the columns across the
whole illustrated matrix 20 and then follows the rows of the
illustrated 20. When the mapping comes across unavailable
resource units, for example those CQIL_0, . . . , CQI_14
which should be/have been used for CQI mapping, the
PUSCH mapping should skip these resource units.

[0128] As is apparent from the preceding description of
the operations performed by the UE 100, by mapping the
PUSCH modulation symbols of each of the plurality of
PUSCH CBs onto both the first and second column sets 21,
22 in the illustrated matrix 20 (and therefore to both of the
corresponding first and second slots 21 and 22) in accor-
dance with a mapping as illustrated in any one of FIGS.
6A-6D, the UE 100 is able to map each CB of one TB onto
both the first slot 21 and the second slot 22 of the candidate
subframe 20 for transmission for the case that one PUSCH
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TB includes multiple CBs. Accordingly, the problem dis-
cussed in the background section in relation to conventional
systems may be avoided.

[0129] FIG. 7 is a block diagram illustrating an example
signal processing hardware configuration 700 of the user
equipment 100 of FIG. 4, according to an example embodi-
ment herein. The programmable signal processing hardware
700 of FIG. 7 may, as in the present example embodiment,
be configured to function as UE 100 of FIG. 4. It should be
noted, however, that the UE 100 of FIG. 4 may alternatively
be implemented in non-programmable hardware, such as an
application-specific integrated circuit (ASIC) or in any other
suitable manner, using any suitable combination of hardware
and software components, such that the UE 100 comprises
processing and communication functionalities necessary to
operate in accordance with one or more conventional tele-
communication standards, including—but not limited to—
LTE, LTE-A, UMTS, 3G, 4G, 5G.

[0130] The programmable signal processing hardware 700
comprises a transmitting/receiving section 710 and one or
more antennae 705. The signal processing apparatus 700
further comprises a control section (by way of example, a
processor, such as a Central Processing Unit, CPU, or
Graphics Processing Unit, GPU) 720, a working memory
730 (e.g. a random access memory) and an instruction store
740 storing the computer-readable instructions which, when
executed by the control section 720, cause the processor 720
to perform the functions of the UE 100 of FIG. 4.

[0131] The instruction store 740 may comprise a ROM
(e.g. in the form of an electrically-erasable programmable
read-only memory (EEPROM) or flash memory) which is
pre-loaded with the computer-readable instructions. Alter-
natively, the instruction store 740 may comprise a RAM or
similar type of memory, and the computer-readable instruc-
tions of the computer program can be input thereto from a
computer program product, such as a non-transitory, com-
puter-readable storage medium 750 in the form of a CD-
ROM, DVD-ROM, etc. or a computer-readable signal 760
carrying the computer-readable instructions.

[0132] FIG. 8 is a block diagram illustrating an example
signal processing hardware configuration 800 of the radio
base station 200 of FIG. 4, according to an example embodi-
ment herein. The programmable signal processing hardware
800 of FIG. 4 may, as in the present example embodiment,
be configured to function as radio base station 200 of FIG.
4. It should be noted, however, that the radio base station
200 may alternatively be implemented in non-program-
mable hardware, such as an application-specific integrated
circuit (ASIC) or in any other suitable manner, using any
suitable combination of hardware and software components,
such that the radio base station 200 comprises processing
and communication functionalities necessary to operate in
accordance with one or more conventional telecommunica-
tion standards, including—but not limited to—LTE, LTE-A,
UMTS, 3G, 4G, 5G.

[0133] The programmable signal processing hardware 800
comprises a transmitting/receiving section 810 and one or
more antennae 805. The signal processing apparatus 800
further comprises a network communication interface 815, a
control section (by way of example, a processor, such as a
Central Processing Unit, CPU, or Graphics Processing Unit,
GPU) 820, a working memory 830 (e.g. a random access
memory) and an instruction store 840 storing the computer-
readable instructions which, when executed by the control
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section 820, cause the processor 820 to perform the func-
tions of the radio base station 200 of FIG. 4.

[0134] The instruction store 840 may comprise a ROM
(e.g. in the form of an electrically-erasable programmable
read-only memory (EEPROM) or flash memory) which is
pre-loaded with the computer-readable instructions. Alter-
natively, the instruction store 840 may comprise a RAM or
similar type of memory, and the computer-readable instruc-
tions of the computer program can be input thereto from a
computer program product, such as a non-transitory, com-
puter-readable storage medium 850 in the form of a CD-
ROM, DVD-ROM, etc. or a computer-readable signal 860
carrying the computer-readable instructions.

[0135] Although detailed embodiments have been
described, they only serve to provide a better understanding
of the invention defined by the independent claims, and are
not to be seen as limiting.

What is claimed is:

1. A method for modulation symbol mapping, the method
comprising:

mapping a channel quality information, CQI, modulation

symbols onto resource units of the second slot of an
allocated subframe, wherein the CQI modulation sym-
bols are mapped from the first resource unit of the
second slot in a time-first mapping; and

mapping a Physical Uplink Shared Channel, PUSCH,

modulation symbols onto resource units of both the first
and second slot of the allocated subframe, wherein the
PUSCH modulation symbols are mapped from the first
resource unit of the first slot in a time-first mapping.

2. The method of claim 1, wherein the PUSCH modula-
tion symbols are mapped from a first resource unit of the first
slot in a time-first mapping while skipping the resource units
used for the CQI mapping.

3. The method of claim 1, wherein the CQI modulation
symbols are mapped in a time-first mapping which first
follows a time direction of the second slot and then follows
a frequency direction of allocated frequency resource of the
allocated subframe.

4. The method of claim 1, wherein the PUSCH modula-
tion symbols are mapped in a time-first mapping which first
follows a time direction of both the first and second slot and
then follows a frequency direction of the allocated frequency
resource of the allocated subframe.

5. The method of claim 1, further comprising:

calculating an amount of resource units for the CQI

modulation symbols.

6. The method of claim 5, wherein the CQI modulation
symbols are mapped onto the resource units of the second
slot of the allocated subframe with an amount of mapped
resource units equals to the amount of the calculated
resource units.

7. The method of claim 1, wherein the PUSCH modula-
tion symbols formed by concatenation of the modulation
symbols of one or more code blocks, CBs, of one transport
block, TB.

8. A method for modulation symbol mapping, the method
comprising:

mapping a channel quality information, CQI, modulation

symbols onto resource units of the second slot of an
allocated subframe, wherein the CQI modulation sym-
bols are mapped from a first resource unit of the second
slot in a time-first mapping; and
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mapping a Physical Uplink Shared Channel, PUSCH,
modulation symbols onto resource units of both the first
and second slot of the allocated subframe, wherein the
PUSCH modulation symbols formed by modulation
symbols of one or more CBs of one TB, and an amount
of the resource units for mapping the modulation
symbols of each CB of the PUSCH are the same or
almost the same; and/or, an amount of resource units on
the first slot and that on the second slot for mapping the
modulation symbols of each CB of the PUSCH are the
same or almost the same.

9. The method of claim 8, wherein for the modulation
symbols of one or more CBs of the PUSCH,

the modulation symbols of each CB are mapped in a

time-first mapping which first follows a time direction
of the second slot and then follows a frequency direc-
tion of the allocated frequency resource of the allocated
subframe;

and then the remaining modulation symbols of each CB

are mapped in a time-first mapping which first follows
a time direction of the first slot and then follows a
frequency direction of the allocated frequency resource
of the allocated subframe.

10. The method of claim 8, further comprising:

performing listen before talk, LBT, in respect of a fre-

quency channel prior to a first candidate starting point
for transmission;

transmitting said allocated subframe from the first candi-

date starting point, in a case where it is determined that
the channel is available; and

in a case where it is determined that the channel is

unavailable, performing listen before talk, LBT, in
respect of the frequency channel prior to a second
candidate starting point for transmission and, in a case
where it is determined that the channel is available,
transmitting said allocated subframe from the second
candidate starting point.

11. The method of claim 10, wherein the first candidate
starting point for transmission is located at a boundary of the
first slot in the time domain and the second candidate
starting point for transmission is located at a boundary of the
second slot in the time domain.

12. The method of claim 10, wherein the first candidate
starting point for transmission is not located at a boundary
of the first slot in the time domain and the second candidate
starting point for transmission is not located at a boundary
of the second slot in the time domain.

13. A user equipment, UE, for modulation symbol map-
ping, the user equipment comprising:

a memory; and

a processor,

wherein the memory stores one or more computer pro-

grams that, when executed by the processor, cause the
processor to:

map a channel quality information, CQI, modulation

symbols onto resource units of the second slot of an
allocated subframe, wherein the CQI modulation sym-
bols are mapped from the first resource unit of the
second slot in a time-first mapping; and map a Physical
Uplink Shared Channel, PUSCH, modulation symbols
onto the resource units of both the first and second slot
of the allocated subframe, wherein the PUSCH modu-
lation symbols are mapped from the first resource unit
of the first slot in a time-first mapping.
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14. The UE of claim 13, wherein the processor is con-
figured to perform the mapping of the PUSCH modulation
symbols from a first resource unit of the first slot in a
time-first mapping while skipping the resource units used for
the CQI mapping.

15. The UE of claim 13, wherein the processor is con-
figured to perform the mapping of the CQI modulation
symbols in a time-first mapping which first follows a time
direction of the second slot and then follows a frequency
direction of allocated frequency resource of the allocated
subframe.

16. The UE of claim 13, wherein the processor is con-
figured to perform the mapping of the PUSCH modulation
symbols in a time-first mapping which first follows a time
direction of both the first and second slot and then follows
a frequency direction of the allocated frequency resource of
the allocated subframe.

17. The UE of claim 13, wherein the processor is con-
figured to calculate an amount of resource units for the CQI
modulation symbols.

18. The UE of claim 13, wherein the processor is con-
figured to map the CQI modulation symbols onto the
resource units of the second slot of the allocated subframe
with an amount of mapped resource units equals to the
amount of the calculated resource units.

19. The UE of claim 13, wherein the PUSCH modulation
symbols formed by concatenation of the modulation sym-
bols of one or more code blocks, CBs, of one transport
block, TB.

20. A user equipment, UE, for modulation symbol map-
ping, the user equipment comprising:

a memory; and

a processof,

wherein the memory stores one or more computer pro-

grams that, when executed by the processor, cause the
processor to:

map a channel quality information, CQI, modulation

symbols onto resource units of the second slot of an
allocated subframe, wherein the CQI modulation sym-
bols are mapped from a first resource unit of the second
slot in a time-first mapping; and map a Physical Uplink
Shared Channel, PUSCH, modulation symbols onto
resource units of both the first and second slot of the
allocated subframe, wherein the PUSCH modulation
symbols formed by modulation symbols of one or more
CBs of one TB, and an amount of the resource units for
mapping the modulation symbols of each CB of the
PUSCH are the same or almost the same; and/or, an
amount of resource units on the first slot and that on the
second slot for mapping the modulation symbols of
each CB of the PUSCH are the same or almost the
same.

21. The UE of claim 20, wherein the processor is con-
figured to, for the modulation symbols of one or more CBs
of the PUSCH:

map the modulation symbols of each CB in a time-first

mapping which first follows a time direction of the
second slot and then follows a frequency direction of
the allocated frequency resource of the allocated sub-
frame; and

then map the remaining modulation symbols of each CB

in a time-first mapping which first follows a time
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direction of the first slot and then follows a frequency
direction of the allocated frequency resource of the
allocated subframe.
22. The UE of claim 20, wherein:
the processor is further configured to perform listen
before talk, LBT, in respect of a frequency channel
prior to a first candidate starting point for transmission;

transmit, via a transceiver, said allocated subframe from
the first candidate starting point, in a case where the
processor determines that the channel is available; and

in a case where the processor determines that the channel
is unavailable, the processor is further configured to
perform listen before talk, LBT, in respect of the
frequency channel prior to a second candidate starting
point for transmission and, in a case where the proces-
sor determines that the channel is available, the pro-
cessor is further configured to transmit, via the trans-
ceiver, said allocated subframe from the second
candidate starting point.

23. The UE of claim 22, wherein the first candidate
starting point for transmission is located at a boundary of the
first slot in the time domain and the second candidate
starting point for transmission is located at a boundary of the
second slot in the time domain.

24. The UE of claim 22, wherein the first candidate
starting point for transmission is not located at a boundary
of the first slot in the time domain and the second candidate
starting point for transmission is not located at a boundary
of the second slot in the time domain.

#* #* #* #* #*

12

Sep. 10, 2020



