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communication
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device, more than
or rank indicator

ayers and codewords of an uplink transmission signal

wireless
two hybrid automatic

bits across

(57) Abstract: In accordance with an exemplary em-
bodiment of the invention, there is at least a method,
computer program instructions, and an apparatus to per-
form operations including replicating and time-aligning,
at awireless communication device, more than two hy-
brid automatic repeat request acknowledgment or rank
indicator bits across layers and codewords of an uplink

transmission signal, and providing an ability to define

T

i

per codeword either an effective modulation order or a
coding rate when a different modulation order is config-
ured to the codewords so that time-alignment across all
the layers and the codewords of the uplink transmission

tl

"

ransmission signal is maintained

3B: providing an ability to define per codeword either the
effective ‘modulation order or a coding rate when a different
modulation order is configured to the codewords so that time-

alignment across al the layers and the codewords of the uplink

signa is maintained. Further, in accordance with the
embodiments there is receiving an uplink transmission
signal comprising more than two hybrid automatic re-
peat request acknowledgment or rank indicator bits
across layers and codewords of the uplink transmission
signal, and demodulating the uplink transmission sig-
nal, where either an effective modulation order or a
coding rate per codeword ismodified so that time-align-
ment across al the layers and the codewords of the up-
link transmission signal is maintained.

Fi
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Descri ption
Title

MULTI-BI T HARQ ACK AND RANK | NDI CATOR TRANSM SSI ON  ON PHYSI -
CAL UPLINK SHARED CHANNEL W TH SINGLE USER MULTI PLE | NPUT-
MULTI PLE OUTPUT OPERATI ON

TECHNI CAL FI ELD:

[ 0001] The exemplary and non-limting enbodinments of this
invention relate generally to wireless comrunication systens,
nmet hods, devices and conmputer progranms and, nore specifical -
ly, relate to signaling between a user equipnent and a net -
work access node in support of single user multiple input-

multiple output (MMD) operation.

BACKGROUND :

[ 0002] This section is intended to provide a background or
context to the invention that is recited in the clains. The
description herein may include concepts that could be pur -
sued, but are not necessarily ones that have been previously

concei ved, inplenented or described. Therefore, unless other -
wi se indicated herein, what is described in this section is
not prior art to the description and clainms in this applica-

tion and is not admtted to be prior art by inclusion in this

section .

[ 0003] The following abbreviations that may be found in
the description and/or in the Figures are herewith defined as

foll ows:
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3GPP

ACK

BS

Bw

DFT

DL

eNB

EPC

E- UTRAN

FDVA

HARQ

HSPA

| MTA

I TU-R

LTE

LTE-A

MVAC

PCT/EP2011/060411
2
third generation partnership project
acknow edge
base station
bandwi dt h
channel quality indicator
codeword
di screte Fourier transform
downlink (eNB towards UE)
E- UTRAN Node B (evolved Node B)
evol ved packet core
evol ved UTRAN (LTE)
frequency division nultiple access
hybrid automatic repeat request
hi gh speed packet access
i nternational nobil e tel ecommuni cations asso -
ciation
i nternational t el ecommuni cati on uni on-

r adi oconmuni cati on sect or

long term evolution of UTRAN (E-UTRAN)

LTE advanced
nmedi um access control

(layer 2, L2)

nodul ati on codi ng schene
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M MO

MM MVE

NodeB

OFDVA

&M

PDCP

PHY

PM

PUCCH

PUSCH

QAM

QPSK

Rel

RI

RLC

RRC

RRM

SGn

SC- FDVA

SU-M MO

TDD

mul tiple

maxi rum | i kel i hood

nmobil ity managenent/nobility managenent

base station
ort hogona

operations and mai nt enance

PCT/EP2011/060411

input-rultiple output

channel

packet data convergence protocol
physical (layer 1, LI)

precoding matrix index

physi cal uplink control

physi cal uplink shared channel

gquadrature anplitude nodul ation

quadrature phase shift
rel ease

rank i ndicator
radio link control
radi o resource contro
radi o resource managenent

serving gateway

single carrier, frequency
access
single user M MO

time division duplexing

keyi ng

di vi si on

entity

frequency division nultiple access

mul tiple
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4

TDM time division nultiplexing

ucl uplink control information

UE user equipnment, such as a nobile station, mo-

bile node or nobile term nal

UL uplink (UE towards eNB)

UPE user plane entity

UTRAN universal terrestrial radio access network

[ 0004] One nodern communi cation system is known as evol ved

UTRAN  ( E- UTRAN, also referred to as UTRANLTE or as E-
UTRA) .In this system the DL access technique is OFDVA  and
the UL access technique is SC FDVA

[ 0005] One specification of interest is 3GP TS 36.300,

V8.11.0 (2009-12), 3rd Generation Partnership Project; Tech-
nical Specification Goup Radio Access Network; Evolved Uni -
versal Terrestrial Radio Access (E-UTRA) and Evolved Univer -
sal Terrestrial Access Network (EUTRAN) ; Overall description;

Stage 2 (Release 8), incorporated by reference herein in its
entirety. This system may be referred to for convenience as
LTE Rel-8. 1In general, the set of specifications given gener -
ally as 3GPP TS 36.xyz (e.g., 36.211, 36.311, 36.312, etc.)
may be seen as describing the Release 8 LTE system Mre re-
cently, Release 9 versions of at |east sone of these specifi-
cations have been published including 3GPP TS 36.300, V9.3.0
(2010- 03)

[ 0006] Figure 1A reproduces Figure 4.1 of 3GP TS 36.300
V8. 11. 0, and shows the overall architecture of the EUTRAN

system (Rel-8) . Reference can also be made to Figure 1B The
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E- UTRAN system includes eNBs, providing the E-UTRAN user
pl ane  (PDCP/ RLC/ MAC/ PHY) and control pl ane (RRC) protocol
termnations towards the UEs. The eNBs are interconnected
with each other by means of an X2 interface. The eNBs are al-
so connected by neans of an SI interface to an EPC, nore spe-
cifically to a MVE by neans of a SI MVWE interface and to a S-
Gi by means of a SI interface (MVE/ S-GW 4). The SI interface
supports a nmany-to-nany relationship between MEs [/ S-Gis /

UPEs and eNBs.

[ 0007] The eNB hosts the followi ng functions:
functions for RRM RRC, Radio Admission Control, Connection
Mobility Control, Dynanic allocation of resources to UES in

both UL and DL (scheduling) ;

| P header conpression and encryption of the user data stream
selection of a MME at UE attachnent;

routing of User Plane data towards the EPC (MWE/ S-GWN ;

scheduling and transmission of paging nessages (originated

from the MVE) ;

scheduling and transm ssion of broadcast information (origi-

nated from the MME or &M ; and

a nmeasurement and neasurement reporting configuration for mo-

bility and scheduling.

[ 0008] Of particular interest herein are the further re-
| eases of 3GPP LTE (e.g., LTE Rel-10) targeted towards future
| MTA systens, referred to herein for convenience sinply as
LTE- Advanced (LTE-A) . Reference in this regard my be nmade to
3GPP TR 36.913, V9.0.0 (2009-12), 3rd Ceneration Partnership

Project; Technical Specification Goup Radio Access Network;



10

15

20

25

30

WO 2012/000857 PCT/EP2011/060411

Requi renent s for Furt her Advancenent s for E- UTRA (LTE-
Advanced) (Rel ease 9). Reference can also be made to 3GPP TR
36.912 V9.3.0 (2010-06) Technical Report 3rd Ceneration Part -
nership Project; Technical Specification Goup Radio Access
Net wor k; Feasibility study for Further Advancenents for E-

UTRA (LTE-Advanced) (Release 9).

[ 0009] A goal of LTE-A is to provide significantly en-
hanced services by means of higher data rates and lower |a-
tency with reduced cost. LTE-A is directed toward extending
and optimzing the 3GPP LTE Rel-8 radio access technol ogies
to provide higher data rates at lower cost. LTE-A wll be a
nore optimzed radio system fulfilling the ITUR requirenents
for |IM-Advanced while keeping the backward conpatibility
with LTE Rel-8.

[0010] As is specified in 3GPP TR 36.913, LTE-A should op-
erate in spectrum allocations of different sizes, including
wi der spectrum allocations than those of LTE Rel-8 (e.g., up

to 100MHz) to achieve the peak data rate of |10OWit/s for
high nobility and 1 CGbhit/s for Ilow nobility. It has been
agreed that carrier aggregation is to be considered for LTE-A
in order to support bandwidths Jlarger than 20 Miz. Carrier
aggregation, where two or nore conponent carriers (CCs) are
aggr egat ed, is considered for LTE-A in order to support
transm ssion bandwi dths [larger than 20MHz. The carrier aggre-
gation could be contiguous or non-contiguous. Thi s technique,

as a bandw dth extension, can provide significant gains in
terns of peak data rate and cell throughput as conpared to

non- aggregated operation as in LTE Rel-8.

[0011] A terminal my sinultaneously receive one or nul -

tiple conponent <carriers depending on the capabilities of the
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termnal. A LTE-A terminal wth reception capability beyond
20 MHz can sinultaneously receive transmssions on multiple
conponent carriers. A LTE Rel-8 termnal can receive trans-
m ssions on a single conponent carrier only, provided that
the structure of the conponent carrier follows the Rel-8 spe-
cifications. Moreover, it is required that LTE-A should be
backwards conpatible with Rel-8 LTE in the sense that a Rel-8
LTE term nal should be operable in the LTE-A system and that
a LTE-A terminal should be operable in a Rel-8 LTE system

[0012] Figure 1C shows an exanple of the carrier aggrega-
tion, where M Rel-8 conponent carriers are conbined together

to form MHRel-8 Bw (e.go 5 H 20MHz = 100MHz given M = 5).
Rel -8 termnals receive/transmt on one conmponent carrier,

whereas LTE-A terminals may receive/transmt on multiple com-
ponent carriers simultaneously to achieve higher (wi der)

bandw dt hs

[0013] Figure |ID depicts the use of aggregate conponent
carriers in terns of the system bandwidth. In Figure 1D the
total system bandwidth is shown as 100 Mz (frequency) . In

Case 1, a first case for LTE-A with aggregated component car -
riers, all of this bandwidth is aggregated and used by a sin-
gle UE device. 1In case 2, the bandwidth is partially aggre-
gated into two 40 MHz groups, leaving a 20 MHz grouping. This
remai ning bandwidth may be used, for exanple, by a Release 8
LTE UE, which only requires 20 MEz. In Case 3, none of the
CCs are aggregated and so five 20 MHz conponents are availa-

ble for use by five different UEs.

[ 0014] It is noted with respect to LTE-Advanced that wth
UL single wuser spatial nultiplexing up to two transport

bl ocks can be transmtted from a scheduled UE in a subfrane
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Each transport block has its

owmn MCS level. Depending on the nunber of transmssion |ay-

ers, the nodulation synbols

associated with each of the

transport blocks are mapped onto one or two layers according

to the same principle as in Rel-8 E-UTRA DL spatial nulti -

pl exi ng. The transm ssion
the follow ng table,
03) Technical Specification

ject; Technical Speci fication

Evol ved Uni ver sal

Channels and Mbdul ati on

(i.e., codeword) to

rank can be adapted dynamically. In

taken from 3GPP TS 36.211 V9.1.0 (2010-

Terrestri al

3rd Generation Partnership Pro-

Group Radio Access Network;

Radi o Access (E-UTRA) ; Physical

(Rel ease 9), the transport block

| ayer mapping used in Rel-8 DL is shown.

In the table, x™(@#) and d“ () denote the ith symbol on nth

layer and nmth transport bl ock,

respectively.

[ 0015] Tabl e: Codeword- to-layer mapping for spatial mul-

tiplexing [as per

3GPP TS 36.211]

Number of lay- | Number of | Codeword-to-layer mapping
ers code words
i=01,., M2 1
1 1 (i) =d () M =M G,
*© (i) = 40 (i)
layer 0 1
2 2 Msyi’]nb = Ms(yl’)nb = Ms(yznb
x(l)(i) =40 (i)
x@@0)=d¥ (1) layer _ 3 7(0)
2 ! (@) =dOQi+1) M= Mo 2
3 2 @) =d ) M =M =M, )2
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9
xW@y=d® (i)
2@y =dV2i+1)
xO(@y=d?2i)
V@ =d9Qi+1)

layer _ 0) _ ()
4 2 1‘/[sy¥nb_1‘/[symb/2_1‘/[syrnb/2

XD @)=dV(20)
@)y =dV(2i+1)

[0016] Uplink L1/L2 control signaling is divided into two

classes in LTE Rel-8: Control signaling in the absence of UL
data, which takes place on PUCCH (Physical Uplink Control
Channel) , and control signaling in the presence of UL data,
which takes place on PUSCH (Physical Uplink Shared Channel) .
Due to the single carrier limtations, simultaneous transms -

sion of PUCCH and PUSCH is not allowed in LTE Rel-8.

[0017] Wth respect to UCI transmission in the presence of
UL data, Figure IE shows the principle of control and data
multiplexing within the SC FDVA synbol (block) on the PUSCH.
In order to maintain the single carrier properties, transmt -
ted signal data and different control synbols are multiplexed
prior to the DFT by neans of TDM nultiplexing. The data part
of PUSCH is punctured (i.e., replaced wth) by the nunber of
control synbols allocated in the given subfrane. Data and
different control fields (HARQACK, CQ/PM, Rank Indicator)
are coded and nodul ated separately before nultiplexing them
into the sanme SC FDMA synbol block. Different coding rates
for control are achieved by occupying different nunber of

synbols for each control field.

[0018] It was decided in RAN #55bis that control-data de-

coupling (simultaneous PUCCH and PUSCH transm ssion) is sup-
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ported in addition to TDM type nultiplexing. In the light of
this decision these two options are applicable also in the
case of SUMMO Hence, there is a clear need for TDM solu-
tion applicable to SU M MO

[0019] It was decided in RANL#61 that in both single com
ponent carrier (¢ and nmulti-CC cases HARQ ACK and Rl is
replicated across all layers of both Cis and TDM nul ti pl exed
with data such that UCI synbols are tine-aligned across all
layers. This allows for effectively rank 1 transm ssion of
UCl, irrespective of the transmssion rank used for PUSCH

data transni ssion.

[ 0020] It is rather straightforward to apply the required
replication and tine alignnment of HARQ ACK and RI bits across
both CW when nunber of bits is one or tw. |In such cases,

used nodulation is forced to be effectively QPSK irrespective
of the underlying PUSCH data nodul ation by appropriate selec-
tion of constellation points used for UCI. Reference in this
regard can be nmade, for exanple, to 3GPP TS 36.212 V9.2.0
(2010-06) Technical Specification, 39 Generation Partnership
Project; Technical Specification Goup Radio Access Network;

Evol ved Universal Terrestrial Radio Access (E-UTRA) ; Milti -
plexing and channel coding (Release 9), Section 5.2.2.6.

her ei n.

[0021] However, a full nodulation constellation is used in
LTE Rel-8 with nmore than 2 bits of HARQ ACK. In SUMM, CW
may have different nodulation orders. Thus, UC time align-
ment across both CW is not maintained with a straightforward

application of the Rel-8 approach.
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SUMVARY :

[ 0022] In an exenplary aspect of the invention, there is a
method conprising replicating and tinme-aligning, at a wire-
| ess comuni cation device, nore than two hybrid automatic re-
peat request acknow edgnent or rank indicator bits across
| ayers and codewords of an uplink transm ssion signal, and
defining per codeword either an effective nodulation order or
a coding rate when a different nodulation order is configured
to the codewords so that time-alignment across all the |ayers
and the codewords of the uplink transmission signal is main-

t ai ned .

[ 0023] In anot her exenplary aspect of the invention, there
is an apparatus conprising at |east one processor, and at
| east one nenory including conputer program code, where the
at least one nenory and the conputer program code are confi-
gured, with the at |east one processor, to cause the appara-
tus to at least replicate and tine-align, at a wireless com-
muni cati on device, nore than two hybrid automatic repeat re-
guest acknow edgnment or rank indicator bits across |ayers and
codewords of an uplink transmssion signal, and define per
codeword either an effective nodulation order or a coding
rate when a different nodulation order is configured to the

codewords so that tinme-alignment across all the layers and

the codewords of the wuplink transmssion signal is main-
tai ned .
[ 0024] In anot her exenplary aspect of the invention, there

is an apparatus conprising neans replicating and tine-
aligning, at a wreless conmmunication device, nore than two

hybrid automatic repeat request acknow edgnent or rank indi-
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cator bits across layers and codewords of an uplink transms -
sion signal, and neans for defining per codeword either an
effective nodulation order or a coding rate when a different
nmodul ation order is configured to the codewords so that tine-
alignnment across all the layers and the codewords of the up-

link transmi ssion signal is naintained.

[ 0025] In another exenplary aspect of the invention, this
is a nethod conprising receiving an uplink transm ssion sig-
nal conprising nore than two hybrid automatic repeat request
acknow edgnment or rank indicator bits across |layers and code-
words of the uplink transm ssion signal, and denodul ating the
uplink transm ssion signal, where either an effective nodula-
tion order or a coding rate per codeword is nodified so that
time-alignment across all the layers and the codewords of the

uplink transm ssion signal is maintained.

[ 0026] In still another exenplary aspect of the invention,
there is an apparatus conprising at |east one processor, and
at least one nenory including conputer program code, where
the at l|east one nenory and the conputer program code are
configured, with the at |east one processor, to cause the ap-
paratus to at least receive an uplink transm ssion signal
conprising nore than tw hybrid automatic repeat request ac-
know edgnment or rank indicator bits across |ayers and code-
words of the uplink transm ssion signal, and denodulate the
uplink transm ssion signal, where either an effective nodula-
tion order or a coding rate per codeword is nodified so that
time-alignment across all the layers and the codewords of the

uplink transm ssion signal is maintained

[ 0027] In yet another exenplary aspect of the invention,

there is an apparatus conprising neans for receiving an up-
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link transmission signal conprising nore than two hybrid
automatic repeat request acknow edgnent or rank indicator
bits across layers and codewords of the wuplink transm ssion
signal, and neans for denodulating the wuplink transm ssion
signal, where either an effective nodulation order or a cod-
ing rate per codeword is nodified so that tinme-alignnment
across all the layers and the codewords of the uplink trans-

m ssion signal is maintained.

BRI EF DESCRI PTION OF THE DRAW NGS:

[ 0028] The foregoing and other aspects of enbodinents of
this invention are nade nore evident in the following De-
tailed Description, when read in conjunction wth the at-

tached Drawi ng Figures, wherein:

[ 0029] Figure 1A reproduces Figure 4.1 of 3GPP TS 36. 300,

and shows the overall architecture of the EUTRAN system

[ 0030] Figure |B presents another view of the EUTRAN sys-
tem
[0031] Figure 1C shows an exanple of carrier aggregation

as proposed for the LTE-A system

[ 0032] Figure |ID depicts the use of aggregate conmponent

carriers in terns of system bandw dth.

[ 0033] Figure IE shows the principle of data and control
nmodul ation on the PUSCH.
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[ 0034] Figure 2 shows a sinplified block diagram of vari -
ous electronic devices that are suitable for use in practic -

ing the exenplary enbodinents of this invention.

[ 0035] Figure 3 illustrates a sinple block diagram de-
scribing a nethod in accordance wth the exenplary enbodi -

ments of the invention.

[ 0036] Figure 4 illustrates a sinple block diagram de-
scribing a nethod in accordance wth the exenplary enbodi -

ments of the invention.

DETAI LED DESCRI PTI ON:

[ 0037] The exenplary enbodinents of this invention pertain
at least in part to uplink control information (UC) trans-
mssion on PUSCH (Physical Uplink Shared Channel) , and in
particular in the case of SUMMO and spatial nmultiplexing.

ucl signal ling corresponds to transm ssion of data-non-

associated signals such as HARQ ACK due to downlink transnis -
sion and downlink channel state information, such as CQ, PM

and Rl in the uplink.

[ 0038] The inventors have realized that a specific ar-
rangenment is needed for replicating multiple HARQ ACK and RI
bits across both Cws so that UCI time alignment across |ayers
and codewords is mmintained when OCW wuse different nodula -
tion. Additionally, the arrangement should be such that rea-
sonabl e spectral efficiency is maintained for UC, and addi-
tional system conplexity and standardization effort should be

m ni m zed.
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[ 0039] In LTE Rel-10 there will be need to transnit in the
UL multiple (nore than 2) HARQ ACK and potentially RI bits on
UCI due to TDD, carrier aggregation (cA , DL MMO and combi -
nations of these. A nobst straightforward way would be to use
and potentially extend the LTE Rel-8 approach for multiple
HARQ- ACK bits with TDD based on the use of Reed-Miller encod-
ing. The corresponding portion from the above nentioned 3GPP
TS 36.212 Section 5.2.2.6 is reproduced below

"For the case that HARQ ACK consists of nore than two bits

information, i.e. [of™of™...ofH 1 with (0°>2, the bit se-
quence qyK g % g3 g% is obtained as

QACK _-
A ACK
4, X = z (On 'M(l'rTDdSZ) K )mOd 2

n=0

where i = o0, 1, 2, .., Qax-1 and the basis sequences M, , are
defined in Table 5.2.2.6.4-1.

The vector sequence output of the channel coding for HARQ ACK

. . . AC. ACK ACK
information is denoted by q, K,q1 oy where oy - QACK /g m -
- - —XACK ™

and is obtained as foll ows:
Set i ,k to O
whil e 7< gack

ACK _r ACK ACK T
q, =lg; " ~4irg, 1]

i=i+Q,

end whil e"
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[ 0040] Additionally, it should be noted that the nunber of
coded synmbols for ACK/ NACK and RI is defined as (3GPP
TS36. 212 Section 5.2.2.6):

[ 0041] When the UE transmits HARQ ACK bits or rank indica-
tor bits, it shall determine the nunber of coded synbols Q'

for HARQ ACK or rank indicator as

O M PUSCH -initial
sc symb

C-1

Sk,

r=

PUSCH —initial PUSCH
N B
offvet PUSCH
, 4-M

Q' =min

where O is the nunber of ACK/NACK bits or rank indicator
bits, M " is the scheduled bandwidth for PUSCH transms -
sion in the current sub-frane for the transport block, ex-
pressed as a number of subcarriers, and NZ7%'is the nunber

of SC-FDVA synbols per subfranme for initial PUSCH transms -

sion for t he sane transport bl ock gi ven by

No :(2-(NS‘;;b —1)—NSRS), where Nggis equal to 1 if UE is
configured to send PUSCH and SRS in the sane subfranme for
initial transmssion or if the PUSCH resource allocation for
initial transmssion even partially overlaps wth the cell
specific SRS subfrane and bandwi dth configuration defined in

Section 5.5.3. Oherwise Ng is equal to 0."

[0042] One straightforward solution is to apply QPSK con-
stellation point selection as with 1 and 2 HARQ ACK bits,

causing effectively QPSK nodul ation across CW. However, this
solution is not spectrally efficient, especially when CW\ use
16- QAM and 64-QAM nodul ation. Wth nultiple HARQ ACK bits a
hi gher efficiency is expected with a lower coding rate and

hi gher nodulation order. This is at least due to the fact
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that in the case of carrier aggregation, especially in the
TDD node, the nunmber of ACK/INACK bits per subframe can be
relatively high (e.g., as high as 20)

[ 0043] Before describing in further detail the exenplary
enbodi nents of this invention, reference is made to Figure 2
for illustrating a sinmplified block diagram of various elec-
tronic devices and apparatus that are suitable for wuse in
practicing the exenplary enbodinents of this invention. In
Figure 2 a wreless network 1 is adapted for conmunication
over a wireless 1link 11 with an apparatus, such as a nobile
conmuni cation device which may be referred to as a UE 10, via
a network access node, such as a Node B (base station) , and
nore specifically an eNB 12. The network 1 may include a net-
work control el enent (NCE) 14 that may include the MVE SGNV
functionality shown in Figure 1A and which provides connec -
tivity with a further network, such as a telephone network
and/or a data communications network (e.g., the internet).
The UE 10 includes a controller, such as at |east one conput-
er or a data processor (DP) 10A, at least one non-transitory
conput er - r eadabl e menory nmedium enbodied as a menory (MEM
10B that stores a program of conputer instructions (PROG)
ICC, and at least one suitable radio frequency (RF) tran-
sceiver 10D for bidirectional wirel ess conmunications with
the eNB 12 via one or nore antennas. The eNB 12 also includes
a controller, such as at |east one conputer or a data proces -
sor (DP) 12A, at least one conputer-readable menory nedi um
enbodied as a nenmory (MEM 12B that stores a program of com-
puter instructions (PROG 12C, and at least one suitable RF
transceiver 12D for conmunication wth the UE 10 via one or
nore antennas (typically several when multiple input / nul -
tiple output (MMO) operation is in use) . The eNB 12 is
coupled via a data / control path 13 to the NCE 14. The path
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13 may be inplenented as the SI interface shown in Figure 1A
The eNB 12 may also be coupled to another eNB via data / con-
trol path 15  which my be inplemented as the X2 interface

shown in Figure 1A

[ 0044] For the purposes of describing the exenplary enbo-
dinents of this invention the UE 10 can be assuned to also
include an wuplink rmultiplexing and nodul ation (umM bl ock
10, and the eNB 12 includes a corresponding uplink de-
mul ti plexing and de-nodul ation (ubb) block 12E. These bl ocks
10E and 12E operate in accordance wth the exenplary enbodi -

nments, as described in detail below

[ 0045] At least one of the PROG |0OC and 12C is assumed to
include program instructions that, when executed by the asso-
ciated DP, enable the device to operate in accordance wth
the exenplary enbodinments of this invention, as wll be dis-
cussed below in greater detail. That is, the exenplary enbo-
diments of this invention may be inplemented at least in part
by conputer software executable by the DP 10A of the UE 10
and/or by the DP 12A of the eNB 12, or by hardware, or by a

conbi nation of software and hardware (and firnmnare)

[ 0046] In general, the various enbodinents of the UE 10
can include, but are not Iimted to, «cellular telephones,

personal digital assistants (PDAs) having wreless conmunica -

tion capabilities, portable conmputers having wreless conmu-
ni cati on capabilities, i mage capture devices such as digital

caneras having wreless comunication capabilities, gam ng
devices having wreless conmunication capabilities, nmusi c

storage and playback appliances having wreless comunication

capabilities, Internet appliances pernmitting wreless Inter-
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net access and browsing, as well as portable wunits or termn-

als that incorporate conbinations of such functions.

[0047] The conputer-readable MEMs 10B and 12B nmay be of
any type suitable to the local technical environment and may
be inplenented wusing any suitable data storage technol ogy,
such as sem conduct or based nenory devi ces, random access
menory, read only nenory, pr ogr anmabl e read only nenory,
flash nenory, magnetic nenory devices and systens, optical
menory devices and systens, fixed nenory and renovable neno-
ry. The DPs 10A and 12A nay be of any type suitable to the
| ocal technical environnent, and may include one or nore of
general purpose conputers, special purpose conputers, mcro-
processors, digital signal processors (DSPs) and processors
based on nulti-core processor architectures, as non-limting

exanpl es .

[0048] The exenplary enbodinents of this invention provide
for replication and tine-alignnent of nore than 2 HARQ ACK or
RI bits across codewords and layers. It is noted that in the
following, HARQ ACK and RI are referred to as UC, although

commonly UCI refers also to CQ and PM .

[0049] The exenplary enbodinents nodify either the effec-
tive nodulation order or coding rate per C§ when a different
nodul ation order is configured to CWs so that tinme-alignnment

across all layers and both CA is maintained.

[0050] In a first enbodinment, referred to for convenience
as arrangenent A, UCI bits on one CW are nodulated by using
constellation points that are equal to or resenble constella -
tion points used on the other CW for UC. Additionally, en-

coded UClI bits are replicated across CW and |ayers.



10

15

20

25

30

WO 2012/000857 PCT/EP2011/060411
20

[ 0051] In a second enbodinment, referred to for convenience
as arrangenent B, the nunber of coded bits used for UC is
di vided between CWs according to a ratio of nodulation orders
configured for the CW (rmultiplied with the ratio of spatial
|ayers allocated for the CW to the transmission rank) . Note
that this nultiplication is related to the different nunber
of layers per CW and not to the coding rate / nodulation
nodification. UCI bits are nodulated with the nodul ation used
for data on the CW 1In other words, the sane UCl is transmt -
ted tine-aligned on both CW by using different nodulation
and coding rates. The CWspecific coding rate conpensates for
different nodulation orders used on CW and, thus, provides
UCI time-alignnent across CW. As a result, there are sane
nunber of coded UCI synbols on each layer, although the nodu-

lation of synbols is different between OCWs.

[ 0052] Di scussing arrangenent A now in further detail, the
UCI bits are first encoded and then replicated across |ayers
and CW. In arrangement A, there are at least two options

(referred to for convenience as Option A-1 and Option A-2)

[ 0053] In Option A-I the nodulation wused for UC is the
sane on both Cws, irrespective of the nodulation configured
for the CW In other words, the nodulator can change the
nodul ation wused for nodulating data or UCI on the other CW
Addi tionally, hi gher nodulation order is selected for UC
from nodulations configured for CW. In other words, UC

nodul ation order is Q =max(Q,Q.), where (%is the nodul ation

order used on CW t, i.e., nunber of bits per synbol (2 for
QSK, 4 for 16-QAM and 6 for 64-QAM) . Nunber of coded UC

bits per layer is given by Qg =0'wQ'.
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[ 0054] There are nultiple options for deternmining the num-

ber of coded synbols for HARQ ACK and Rl per layer. A first

option is given by:

PUSCH -initial PUSCH —initial PUSCH
O : Msc ' Nsymb ' ﬂoﬁ‘set 4 MPUSCH
, 4

max(cill(r )/ L(t)] .

Q' =min

where C(t), Kr(t), L(t) are the nunber of code blocks, nunber
of bits for code block nunber r, and nunber of layers mapped
for codeword t, respectively, for each codeword t. In the
foregoing expression the maximum is taken over the configured
codewords. Alternatively, the maximum can be linited to code-
wor d/ codewords using the same nmodulation as selected for UC

Fur t her nor e,

mn denotes m ni mum

max denotes maxi mum

O denotes the nunber of ACK/NACK or RI bits,

MPUSCH—initiaJ
sc denotes the scheduled bandwidth for a PUSCH trans-

mssion in the sub-frame for an initial PUSCH transm ssion
for a transport block that is expressed in the nunber of sub-

carriers ,

NPUSCH-initial
b denotes the nunber of SC-FDVA synbols per a sub--

frane for an initial PUSCH transm ssion,
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jPUSCH
#'« denotes the offset paraneter signalled to a user device

via higher |Iayers,

MPUSCH . . .
s denotes a scheduled bandwidth for a PUSCH transni ssion
in a current sub-franme for a transport block that is ex-

pressed in the nunmber of (virtual )subcarriers , and

' denotes a sunming operation.

[ 0055] The maximum is taken over Cds and the nunber of
coded synbols per layer is determned by applying the Rel-8
principle according to the nunber of coded synbols on |ayer

using highest MCS. This dinensioning preferably uses rank-

specific pBfSH values, as otherwise it wll over-dinension

the nunber of coded UCI synbols by ignoring UCI transm ssions

on the other layers. It should be noted that mnimum wth

4-M'”scH was introduced in Rel-8 to limt HARQACK (or R) to

a maxi num of 4 SC FDVA synbols (each containing MPUSH sym-

sc

bols) . This limtation and, thus, the function of the mninmm

may be renoved to inprove coverage for nulti-bit HARQ ACK or

RI .
[ 0056] The second option is to take all UCI synbols into
account when applying the Rel-8 principle. In other words,

the nunber of coded synbols for HARQ ACK and RI per layer is
gi ven by:
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PUSCH —initial PUSCH —initial PUSCH
O ) Msc : Nsymb : ﬁoﬁ‘set 4 'MPUSCH
’ sc

Q" =min 71 C()-1

IPWAC

t=0

where T is the nunber of nultiplexed transport blocks (or

codewords) . Again, nore accurate UC dinmensioning can be

achieved by using rank specific BO;,ZSCH values or, at |east,

5 different values for single stream and multi-stream (spatial
mul ti pl exing) transmssions. |In the above expression a higher
nmodul ation order is selected. It is also possible to select
the |ower nodulation from the nodul ations configured for CuWs.
In this case the second option for determning Ois pre-

10 ferred.

[ 0057] In Option A-2 appropriate constellation points are
selected and used for UCI nodulation so that the resulting
nmodul ati on resenbles the nodul ation used on the other Cai (of
15 course, if both CW use the same nodulation then no nodul a-
tion changes are needed) . Option A-2, in one non-limting em-
bodi ment, can be inplenmented as follows:
- the nunber of coded bits for HARQ ACK and RI is given by
Qg =0,Q" where Q, =min(Q,,Q)is the nininum nodul ation
20 order over CW;
- the encoded UCI is replicated across |ayers and Cw; and
- the nunber of coded synbols for HARQ ACK and RI per

| ayer is given by

PUSCH —initial PUSCH —initial PUSCH
O ) Msc ) Nsymb ) ﬁoﬁ‘set 4_ MPUSCH
4 sc

Q' =min

25 t=0 r=0 J -
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[ 0058] It should be noted that with sone exception con-

figurations, Q' may support fewer coded bits than there are

UCI bits. Thus, it may be desirable to check that Q,is at

|l east 0Q .

[0059] In the case that the |ower nodulation order s
QPSK, an appropriate nunber of "x" placeholders (as in 3GPP
TS 36.212 and 3GPP TS 36.211) are inserted after every two
coded UC bits (gt or g®) on the Ci using higher nodula-

tion order. For exanple, for HARQ ACK, when the used modul a-

tion is 16-QAM  q/K g/ xx qfK q/K xxq/K q/K xx... and when the
used nmodul ati on is 64- QAM
Op g xxxx - YA i x x x X g% g™ xxxx. . .

[ 0060] In the case that the lower nodulation order is 16-
@M and the higher order nodulation is 64-QAM with constel -
lations determined as in 3GPP TS 36.211, a constellation re-
senmbling 16-QAM is obtained by selecting 64-QAM constella-

tions with 1- or Qbranch anplitude of 42 or 7/442 with
constellations defined as in 3GPP TS 36.211. It should be
noted that the resulting constellation is not the same as the
LTE 16-QAM constellation; i nner constellation points have a
slightly too large anmplitude and outer constellation points
have a slightly too small anplitude. Appropriate constella -
tion point selection (with 64-QAM constellation as in 3GPP TS

36.211) is achieved with introduction of placeholder "z". Two

z" placeholders are inserted after every 4 coded bits as

foll ows :

ACK

%

ACK

G

ACK

A

ACK

RE

ACK

ACK ACK ACK ACK ACK ACK ACK
zz gy 95 Qs O, zz% ™" q

9 qW q11 zz... .



10

15

20

25

30

WO 2012/000857 PCT/EP2011/060411
25

The pl acehol der z" wll inmpact the bit-level scranbling op-
eration as: if b(i) = z then Db(i)=D(-2), where b(i) is in-

put bit to scrambler and D(i)IS the scrambled bit. For refer-

ence, placehol der y" is defined in 3GPP TS 36.211, Section

5.3.1, to have an inpact as: if 2=V then B(i)=Bi-V)

[ 0061] One particular exenplary option is that whenever a
different nodulation order is configured for Cws, QPSK con-
stellation points are selected and used for the UCI on both

W (Qp,=2). This will reduce spectral efficiency for those

particular configurations but, on other hand, a sinple inple-

mentation and standardi zation is achieved.

[ 0062] Di scussed now is the arrangenment B. In this ar-
rangenment there are several options (referred to for conven-

ience as Options B-1, B-2 and B-3)

[ 0063] Option B-I: Uncoded UCI bits are replicated across
both Cws, after which they are separately encoded. Next the
encoded UCI bits are replicated across layers allocated for
the Cw

[ 0064] Option B-2: Uncoded UCI bits are replicated across
both Cws, after which they are separately encoded for each
CW However, coding is done over all layers allocated for the
CW  Encoded UCI bits are then, for exanple, serial -to-

parallel converted on to layers allocated for the CW

[ 0065] Option B-3: Uncoded UCI bits are jointly coded
across both CW and all layers after which encoded UC bits
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are then, for exanple, serial-to-parallel converted on to the

| ayers .

[0066] In Option B-1 the nunber of coded UC bits per
layer on CW t is given byQ, =Q,,Q, and the number of coded
synmbols for HARQ ACK and Rl per layer for CWt is given by

PUSCH —initial PUSCH —initial PUSCH
o-M" ‘N Y

b symb offset _ NPUSCH
Q = min 7-1C(1)-1 > 4 Nch
Sk
t= r=0
[0067] In Qption B-2, the number of coded UCI bits (per

oW on CW t is given byQ, =Q -Q', and the nunber of coded
synmbols for HARQ ACK and RI (per cw for CW 1t is given by

PUSCH —initial PUSCH —initial PUSCH
O ) M sc ) N symb ) ﬁ

Q' = min 71 C()-1 L |- L), 4-M 7T L(e)
$S
1= r=0
[0068] In Qption B-3, number of coded UCI bits on CWt is

given byQ, =Q,Q-ut)IR, where R is the transmssion rank.
The nunber of coded synbols for HARQ ACK and RI for both CW

is given by

PUSCH —initial PUSCH —initial PUSCH
O ) M sc ) N symb ) ﬁ

r . offset _ USCH
Q' =min e ‘R, 4- MV . R
Sk,
=0 r=0
[0069] One exenplary benefit of arrangenent B is that when

a ML type of detector, that tests all UCI bit sequence possi -
bilities, is inplenented on the eNB 12, the spatial interfer -

ence is known and, thus, can be taken into account in the ML
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metric calculation. This is a significant difference to an

approach where the UCI is not tine-aligned across |ayers and

CWs, as spatial interference would be caused by random PUSCH
data.
[ 0070] There are a nunber of technical effects and tech-

ni cal advantages that can be realized by the use of the exem-
plary enbodinments of this invention. For exanple, only a
smal |l additional conplexity 1is needed beyond that wused for
Rel -8 operation (both at the transmtter and the receiver
side) . In addition, enhanced performance is achieved at |east
from the diversity that exists over spatial layers. In addi -
tion, the exenplary enbodinents are aligned and conpatible
with decisions made in RANL#61 (rmaintains time-alignnent of

the UCI across |ayers) .

[0071] It is also noted that a nultiplexing solution for
multi-bit HARQ ACK and Rl on the PUSCH is needed in any case
for Rel-10, as it would not be reasonable to assune that UC
transm ssion relies only on concurrent transm ssion of PUCCH
and PUSCH. In fact, at this point in tine it is possible that
concurrent transmssion of the PUCCH and the PUSCH will not
be supported in Rel-10 (LTE-Advanced) .

[0072] Based on the foregoing it should be apparent that
the exenplary enbodinments of this invention provide a nethod,

apparatus and conputer program(s) to replicate and tine-align
nore than two HARQ ACK or RI bits across codewrds and |ay-
ers, and provide an ability to nodify either the effective
nodul ation order or the coding rate per codewrd when a dif-
ferent nodulation order is configured to codewords so that

time-alignment across all layers and codewords is naintained.
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[ 0073] In a first exenplary enbodinent UC bits on one Cw
are nodul ated by using constellation points that are equal to
or that resenble constellation points used on the other Cw
and encoded UCI bits are replicated across codewords and |ay-

ers .

[ 0074] In a second exenplary enbodinment the nunber of
coded bits used for the UCI is divided between codewords ac-
cording to the ratio of nodulation orders configured for the
codewords (nultiplied with the ratio of spatial l|ayers allo-
cated for the codeword to the transmission rank) , and UC
bits are nodulated with the nodulation used for data on the
codeword such that the same UCI is transmitted tinme-aligned
on both codewords by using different nodulation and coding

rates.

[ 0075] Figure 3 illustrates a sinplified block diagram
whi ch describes at least a nethod, as may be perfornmed by an
apparatus, and a conputer program executed to perform opera-
tions in accordance with the exenplary enbodinents of the in-
vention. As illustrated in block 3A of Figure 3 there is rep-
l[icating and tine-aligning, at a wreless conmunication de-
vice, nore than two hybrid automatic repeat request acknow -
edgnent or rank indicator bits across |layers and codewords of
an uplink transmssion signal. Further, as illustrated in
bl ock 3B of Figure 3 there is defining per codeword either an
effective nodulation order or a coding rate when a different
nmodul ation order is configured to the codewords so that tine-
alignnment across all the layers and the codewords of the up-

link transm ssion signal is maintained.

[ 0076] In accordance with at least the nethod and conputer

program as illustrated above with regards to Figure 3, there
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is nmodulating uplink control information bits on one of the
codewords using constellation points that are equal to or re-
senbl e constellation points used on another of the codewords

for uplink control information bits.

[0077] Further, in accordance wth the paragraphs above,
the uplink control information bits are replicated across at

| east two of the codewords of the uplink transm ssion signal.

[ 0078] In accordance wth the paragraph above, the uplink
control information bits are separately encoded for each of
the at least two different codewords, and each of the encoded
uplink control information bits is allocated across |ayers

allocated for each of the at least two different codewords.

[ 0079] Further, in accordance wth the paragraph above,
each of the encoded uplink control information bits are then
serial-to-parallel converted on to the layers allocated for

each of the at least two different codewords.

[ 0080] In addition, in accordance wth the paragraphs
above, a nunber of coded bits used for uplink control infor-
mation is divided between the codewords according to a ratio

of nodul ation orders configured for the codewords.

[ 0081] In accordance wth the paragraph above, the ratio
of the nodulation orders for the codewords is nmultiplied with
a ratio of spatial layers allocated for the codewords accord-

ing to a transmssion rank of the uplink transm ssion signal.

[0082] Addi tionally, in accordance wth the paragraphs
above, the uplink control information bits are nodulated wth

a nodul ation used for data on the codewords such that uplink
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control information is using a sane nunber of coded synbols
for each layer allocated for at least two different codewords

using different nodul ation and/or coding rates.

[ 0083] In accordance wth at least the preceeding para-
graph, there is conpensating, using codeword specific coding
rates, for different nodulation orders used on the at |east
two different codewords, and providing the uplink control in-
formation tine-aligned across the at least tw different co-

dewor ds .

[ 0084] Figure 4 illustrates a sinplified block diagram
whi ch describes at least a nethod, as may be perforned by an
apparatus, and a conputer program executed to perform opera-
tions in accordance with the exenplary enbodinments of the in-
vention. As illustrated in block 4A of Figure 4 there is re-
ceiving an uplink transm ssion signal conprising nore than
two hybrid automatic repeat request acknow edgnent or rank
indicator bits across layers and codewords of the wuplink
transm ssion signal. As illustrated in block 4B of Figure 4
there is denodulating the uplink transm ssion signal, where
either an effective nodulation order or a coding rate per
codeword is nodified so that tine-alignment across all the
| ayers and the codewords of the uplink transm ssion signal is

mai nt ai ned.

[ 0085] In accordance with at |east the nethod and conputer
program as illustrated above wth regards to Figure 4, there
is where either the effective nodulation order or a coding
rate per codeword is nodified when a different nodul ation or-

der is configured to the codewords.
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[ 0086] In general, the various exenplary enbodinents may
be inplenmented in hardware or special purpose circuits, soft-
ware, logic or any conbination thereof. For exanple, sonme as-
pects may be inplenented in hardware, while other aspects may
be inplemented in firmvare or software which may be executed
by a controller, mcroprocessor or other conputing device,
although the invention is not limted thereto. Wile various
aspects of the exenplary enbodinents of this invention nmay be
illustrated and described as block diagrans, flow charts, or
using some other pictorial representation, it is well unders-
tood that these blocks, apparatus, systens, techniques or me-
thods described herein may be inplenmented in, as non-limting
exanpl es, hardware, software, firmvare, special purpose cir-
cuits or logic, general purpose hardware or controller or

ot her conputing devices, or some conbination thereof.

[ 0087] It should thus be appreciated that at |east sone
aspects of the exenplary enbodinents of the inventions nmay be
practiced in various conponents such as integrated circuit
chi ps and nodul es, and that the exenplary enbodinents of this
invention may be realized in an apparatus that is enbodied as
an integrated circuit. The integrated circuit, or circuits,
may conprise circuitry (as well as possibly firmvare) for em-
bodying at least one or nore of a data processor or data pro-
cessors, a digital signal processor or processors, baseband
circuitry and radio frequency circuitry that are configurable
so as to operate in accordance with the exenplary enbodinments

of this invention.

[ 0088] Various nodifications and adaptations to the fore-
going exenplary enbodinments of this invention may becone ap-
parent to those skilled in the relevant arts in view of the

foregoing description, when read in conjunction wth the ac-
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conpanyi ng draw ngs. However, any and all nodifications wll
still fall within the scope of the non-limting and exenplary

enbodi ments of this invention.

[ 0089] For exanple, while the exenplary enbodinments have
been described above in the context of the (UTRAN-LTE-A) sys-
tem it should be appreciated that the exenplary enbodinents
of this invention are not limted for use with only this one
particular type of wreless communication system and that

they may be used to advantage in other wreless conmunication

systens .
[ 0090] It should be noted that the ternms "connected, "
"coupled, " or any variant thereof, nmean any connection or

coupling, either direct or indirect, between two or nore ele-
ments, and may enconpass the presence of one or nore interne-
diate elenments between two elenments that are "connected" or
"coupl ed" together. The coupling or connection between the
el ements can be physical, logical, or a conbination thereof.
As enployed herein two elenments may be considered to be "con-
nected" or "coupled" together by the use of one or nore
wires, cables and/or printed electrical connections, as well
as by the use of electronmagnetic energy, such as electromg -
netic energy having wavelengths in the radio frequency re-
gion, the mcrowave region and the optical (both visible and
invisible) region, as several non-limting and non-exhaustive

exanpl es .

[ 0091] Further, the various nanes used for the described
paraneters (e.g., Q' etc.) are not intended to be limting in
any respect, as these parameters nmay be identified by any
suitable nanmes. Further, the fornmulas and expressions that

use these various paraneters may differ from those expressly
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di scl osed herein. Further, the various nanmes assigned to dif -
ferent channels (e.g., PUSCH PUCCH etc.) are not intended
to be limting in any respect, as these various channels my

be identified by any suitable nanes.

[ 0092] Furt her nor e, some of the features of the various
non-limting and exenplary enbodinents of this invention may
be used to advantage w thout the corresponding use of other
features. As such, the foregoing description should be consi-
dered as nerely illustrative of the principles, teachings and
exenpl ary enbodinments of this invention, and not in limta-

tion thereof.



10

15

20

25

WO 2012/000857 PCT/EP2011/060411
34

CLAI M5

VWhat is claimed is:

1. A nethod conprising:

replicating and tine-aligning, at a wreless conmunication
device, nore than two hybrid automatic repeat request ac-
know edgnent or rank indicator bits across |ayers and code-

words of an uplink transm ssion signal; and

defining per codeword either an effective nodul ation order or
a coding rate when a different nodulation order is configured
to the codewords so that tine-alignnent across all the |ayers
and the codewords of the uplink transm ssion signal is main-

t ai ned .

2. The method according to claim 1, conprising nodulating up-
l[ink control information bits on one of the codewords using
constellation points that are equal to or resenble constella-
tion points used on another of the codewords for uplink con-

trol infornmation bits.

3. The method according to claim 2, where the uplink control
information bits are replicated across at least two of the
codewords of the wuplink transm ssion signal and then sepa-

rately encoded for each of the at |east two codewords.
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4. The method according to claim 3, where each of the encoded
uplink control information bits is allocated across |ayers

allocated for each of the at |east two codewords.

5. The nethod according to claim 4, where each of the encoded
uplink control information bits are then serial-to-parallel
converted on to the layers allocated for each of the at |east

two different codewords.

6. The nmethod according to claim 1, conprising nodulating up-
[ink control information bits wth a nodulation used for data
on the codewords such that uplink control information is us-
ing a same nunber of coded synbols for each |ayer allocated
for at least two different codewords using different nodula-

tion.

7. The nmethod according to claim e, where a nunber of coded
bits used for the uplink control information is divided be-
tween the at least two different codewords according to a ra-

tio of nodulation orders configured for the codewords

8. The nmethod according to claim 7, where the ratio of the
nodul ation orders for the codewords is nultiplied with a ra-
tio of spatial l|ayers allocated for the codewords according

to a transm ssion rank of the uplink transm ssion.
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9. The method according to claim e, conprising conpensating,
using codeword specific coding rates, for different nodula-
tion orders used on the at least tw different codewords, and
providing the uplink control information tine-aligned across

the at least two different codewords.

10. A non-transitory conputer-readable nedium that contains
conputer program instructions, the conputer program instruc-
tions executed by at |east one data processor to perform the

met hod according to any one of clainms 1-9.

11. An apparatus conpri sing:

at | east one processor; and

at least one nenory including conputer program code, where
the at |least one nenory and the conputer program code are
configured, with the at |east one processor, to cause the ap-

paratus to at |east:

replicate and time-align, at a wreless conmunication device,
nmore than two hybrid automatic repeat request acknow edgnent
or rank indicator bits across |ayers and codewords of an up-

link transm ssion signal; and

define per codeword either an effective nodulation order or a

coding rate when a different nodulation order is configured
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to the codewords so that tinme-alignment across all the |ayers
and the codewords of the uplink transmission signal is main-

t ai ned .

12. The apparatus according to claim 11, conprising the at
| east one nenory including the conputer program code is con-
figured, with the at |east one processor, to cause the appa-
ratus to nodulate uplink control information bits on one of
the codewords using constellation points that are equal to or
resenble constellation points used on another of the code-

words for uplink control information bits.

13. The apparatus according to claim 12, where the uplink
control information bits are replicated across at least two
of the codewords of the uplink transm ssion signal and then

separately encoded for each of the at |east two codewords.

14. The apparatus according to claim 12, conprising the at
| east one nenory including the conputer program code is con-
figured, with the at |east one processor, to cause the appa-

ratus to:

separately encode the wuplink control information bits for

each of the at least two different codewords; and

all ocate each of the encoded uplink control information bits
across layers allocated for each of the at least two differ -

ent codewords .
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15. The apparatus according to claim 13, where each of the
encoded uplink control information bits is allocated across

| ayers allocated for each of the at |east two codewords.

16. The apparatus according to claim 14, conprising the at
| east one nenory including the conputer program code is con-
figured, with the at |east one processor, to cause the appa-
ratus to serial-to-parallel converted each of the encoded up-
link control information bits on to the layers allocated for

each of the at least tw different codewords.

17. The apparatus according to claim 11, where the at |east
one nenory including the conputer program code is configured,

with the at |east one processor, to cause the apparatus to
nodul ate wuplink control information bits with a nodul ation
used for data on the codewords such that uplink control in-
formation is using a sanme nunber of coded synbols for each
| ayer allocated for at least tw different codewords using

di fferent nodul ati on.

18. The apparatus according to claim 17, where the at |east
one nenory including the conputer program code is configured,
with the at |east one processor, to cause the apparatus to
di vide a nunber of coded bits used for the uplink control in-
formation between the at least two different codewords ac-
cording to a ratio of nodulation orders configured for the

codewor ds
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19. The apparatus according to claim 18, where the at |east
one nmenory including the conputer program code is configured,

with the at |east one processor, to cause the apparatus to
multiply the ratio of the nodulation orders for the codewords
with a ratio of spatial layers allocated for the codewords

according to a transmssion rank of the uplink transm ssion.

20. The apparatus according to claim 17, where the at |east
one nmenory including the conputer program code is configured,
with the at |east one processor, to cause the apparatus to
conpensate, using codeword specific coding rates, for differ -
ent nodulation orders used on the at least tw different
codewords, and providing the uplink control information tine-

aligned across the at least two different codewords.

21. An apparatus conprising:

means replicating and time-aligning, at a wireless comunica -
tion device, nore than two hybrid automatic repeat request
acknow edgnent or rank indicator bits across l|layers and code-

words of an uplink transm ssion signal; and

means for defining per codeword either an effective nodul a-
tion order or a coding rate when a different nodul ation order
is configured to the codewords so that tine-alignment across
all the layers and the codewords of the uplink transm ssion

signal is maintained.
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22. The apparatus according to claim 21, conprising neans for
nmodul ating uplink control information bits with a nodul ation
used for data on the codewords such that uplink control in-
formation is using a sanme nunber of coded synbols for each
| ayer allocated for at least tw different codewords using

different nodul ation and coding rates.

23. The apparatus as in any one of claims 21 or 22, where the
means for replicating and tinme aligning and the neans for
nmodul ating conprises at |east one nenory including conputer

program code executable by at |east one processor.

24. A method conpri sing:

receiving an uplink transm ssion signal conprising nore than
two hybrid automatic repeat request acknow edgnent or rank
indicator bits across layers and codewrds of the uplink

transm ssion signal; and

denmodul ating the uplink transm ssion signal, where either an
effective nodulation order or a coding rate per codeword is
nodified so that time-alignment across all the layers and the

codewords of the uplink transm ssion signal is maintained.

25. The nethod according to claim 24, where the uplink trans-
m ssion signal conprises wuplink control information bits
nodul ated with a nodulation used for data on the codewords

such that wuplink control information is using a sanme nunber
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of coded synbols for each layer allocated for at least two

different codewords using different nodul ation.

26. A non-transitory conputer-readable nmedium that contains
conputer program instructions, the conputer program instruc-
tions executed by at |east one data processor to perform the

met hod according to any one of clainms 24-25.

27. An apparatus conprising:

at | east one processor; and

at least one nenory including conputer program code, where
the at l|east one nenory and the conputer program code are
configured, with the at |east one processor, to cause the ap-

paratus to at |east:

receive an uplink transmssion signal conprising nore than
two hybrid automatic repeat request acknow edgnent or rank
indicator bits across layers and codewords of the uplink

transm ssion signal; and

denodul ate the uplink transm ssion signal, where either an
effective nodulation order or a coding rate per codeword is
nodi fied so that tinme-alignnent across all the layers and the

codewords of the uplink transm ssion signal is maintained.
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28. The apparatus according to claim 27, where the uplink

transm ssion signal conprises uplink control information bits

nodul ated with a nodul ation used for data on the codewords

such that uplink control information is using a sane nunber

of coded synbols for each layer allocated for at |east two

different codewords using different nodul ation.

29. An apparatus conpri sing:

means for receiving an uplink transm ssion signal conprising
nmore than two hybrid automatic repeat request acknow edgnent
or rank indicator bits across layers and codewords of the up-

link transm ssion signal; and

means for denodulating the uplink transm ssion signal, where
either an effective nodulation order or a coding rate per
codeword is nodified so that tinme-alignment across all the
| ayers and the codewords of the uplink transm ssion signal is

mai nt ai ned .

30. The apparatus according to claim 29, where the neans for
receiving conprises a receiver and the means for denodul ation
conprises the receiver and at |east one nenory including com-

puter program code executable by at |east one processor.
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3A:  replicating and time-aligning, at a  wireless
communication device, more than two hybrid automatic
repeat request acknowledgment or rank ndicator bits across

layers and codewords of an uplink transmisston signal

¥

W

3B: providing an ability to define per codeword either the

effective modulation order or a coding rate when a different
modulation order is configured to the codewords so that time-
alignment across all the layers and the codewords of the uplink

transmission signal 1s maintamed

Figure 3
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4A: recetving an uplink fransmission signal comprising more
than two hybrid automatic repeat request acknowledgment or
rank indicator bits across lavers and codewords of the uplink

transmission signal

4
4B: demodulating the uplink transmission signal, where either

an effective modulation order or a coding rate per codeword 18

modified so that time-alignment across all the layers and the

codewords of the uplink transmission signal 18 maintained

Figure 4
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