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_— A method of feedback in a wireless transmit receive unit includes providing
“Q a precading matrix (PM!), error checking the (PMI) to produce an error check (EC)
bit, coding the PMI and the EC bit and transmitting the coded PMI and EC bit.
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Invention Title: Feedback signaling error detection and checking in MIMO wireless
communication systems

The following statement is a full description of this invention, including the best
method of performing it known to us:
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10001] FEEDEACIK PIONALING ERROR DETECTION AND OHECETING
IN MIMO WIRELESS COMMUNICAITON SYSTEMS

{0002] FIELD OF INVENTION

{0003] This application is related to wireless communications.

[0004] BACKGROUND

[00035] A goal of the Third Generation Partnership Project (3GDP) Long

Term Evolution (LTE) program is to develop new technology, new architecture
and new methods for settings and confligurations in wireless cornmunication
gystoms in order to improve spectral efficiency, reduce latency and better utilize
the radio resource to bring faster user cxperiences and richer applications and
services to users with lower costs.

[0006] Wireless communication systems usually require feedback glgnaling
to enable uplink and downlink communications, For example, hybrid automatic
retransmisgion request (FIARQ) enablement requires 'acknowledgefnon—
ackrnowledge (ACK/NACK) feedback, Adaptive modulation and coding (AMQ)
requires channel guality index (CQY) feedback from s receiver. Multiple
Input/Multiple Qulput (MIMO) systems or precoding requires rank and/or
precoding matrix Index (PMI) feedback from a receiver. Typiecally, this type of
feedback signaling is protected by coding and the signaling does not have error
checking or detection capabilities, However, efficient signaling is esscntial to an
evolved universal mobile telephone system (UMTS) terrestrial radio access
network (E-UTRAN). Adding error check (BC) and ervor delection capability to
the fecdback control signaling makes more advanced applications possible, Error
check (EC) and errer defection capability can enable advanced signaling
schemes, enhanced MIMO link performance, reduced gystem overhead, and
increased system capacity.

[00G7] An example of an application that may require error detection and
cheeking capability for feedback control gignaling is the precoding information

validation. The precoding information validation is used o inform a WTRU ahout

-1-
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the precoding information that is used af an e Node B so thai the effective
channel seen by the WTRLY that eontaing Precoding effects can be reconstructed
by the WTRU, Thiz is required for accurate data detection for MIMO systems
using precoding, beamforming or the like,

[0G08] A wireless transmit receive unit (WTRU) may feedback a precoding
matrix index (PMI) or antenna weight to a base station (BS) or an e Node B
(eNB). To inform a WTRU of the precoding matrices used at an eNB, the eNB
may send a validation message to tho WTRU. Each matrix that the WIRU
signals as feedback to the eNEB may be denoted hy PMI_j1, I'MI_j2 ... PMI_jN,
where N is a integer value equal to the total number of matrices. The eNB may
send a validation message containing information about N PMIg denoted by
PMI_X1, PMI_Kk2... PMI_XN to the WTRILJ.

[0009] Each PMI may be represented by L bits. The value of I, depends
upon the multiple input/multiple output (MIMO) antenna configuration and
codebook gizes,

[0010] Communication resoarces may be assigned to a WIRU. A resource
block (RB) consists of M subcarriers, for example M = 12, where M is a pogitive
integer. A resource block group (RBG) or sub-hand may incinde N_EB RBg, where
N_RB may equal, for example, 2, 4, 5, 6, 10, 25 or larger. A system bandwidih
can have one or more RBGs or sub-bands depending on the size of bandwidth and
value of N_EB per RBG or sub-band,

[co11] A WTRU may feed back one PMI for each RBG or sub-hand that is
conligured to it. The terms RBG and sub-band may be used interchangeably. N
RBGs, where N < N_RBG, can he configured to or selected by a WTRU for
feedback and reporting purpose. If N RBGe or sub-bands are configured to or
selected by & WTRU, then the WTRU feeds back N PMIs to the eNB. The eNE
may send the validation message congisting of N PMIs back to the WI'RU,
[0012] Let N_PMI be a number of bits that represents a PMI. The total
number of bits for the WTRU PMI feedback is N x N_PMI, The maxmum
number of bits for WTRU PMJ feedback is N _RBG x N_PMT bits per feedback

instance. When a straightforward precoding validation gcheme is used, the

9
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maximum number of bits for PMI validation message is N RBG N_PMI bits per
validation message,

[0013] Table 1 shows a number of bits for WTRT) PMI feedback and
signaling with the assumption that N_PMI = & bits. The numbers are
summarized for 5, 10 and 20 MHz bandwidth. The zecond row, N_REB, is the
number of RBs per RBG or sub-band, whichisin g range of 2 to 100 for 20MHz.
The third row, N_RBG per band, is the number of RBGs or sub-bands per 5, 10 or
20 MHz., The value of N_RBG is in a range from one to fifty. The fourth row is
the total number of bits used for WI'RU PMI feedback gignaling per foedback,

instance. This is for frequency seleclive precoding feedback or multiple PMI
feedback

[0014]

5 MH=z 10 MH= 20MH=
{300 subcarriera) (800 subecarders) (1200 subearriers)

RBG

NBRBper | 2 | 5 110025 2 [ 5 102 |50 & 5 {10 25| 50

100

N_RB@#F 15 5 3 1 26 10 5 2 1 50 20 10 4 2
per band

hits for
PMI
feedback
per
feedback,

Max#of |65 |25 | 15| 5 |125 [0 |25 | 10 | & %50 ) 100 | 50 { 20 | 10

bitg for
PMI
Fignaling
per
magsage

Max#of |66 25 |16 | 5 [125 |50 |95 | 10| & | 250 100 | 50 | 20 10

Assume 12 subcarrigrs per BB,

N_RB: Numbcr of resouree blocks.

N_RBG: Number of frequency KB groups.
N_PMI; Number of bits to represent a DMT,
Moz number of bits for WIRU PM] feedback =N_REG x N_FPMT bits,
Mex number of bits for eNB velidation message = N_RBG x N PMT bizs,

Table 1. Maximum number of bits for PMI feedback and PMI validation
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[0015] PMI feedback and PMI validation may require over 250 bits per feedback
instance and per validation message as shown in the above table. [0016]
Feedback error significantly degrades the link and system performance. It would
be desirable for feedback bits to be protected with error checking (e.g., channel
coding). Furthermore, knowing whether there is an error in a feedback signal
improves system performance such as link performance, because the erroneous
feedback information can be avoided. Furthermore, knowing whether there is
error in the feedback signaling enables the use of advanced signaling schemes or
applications such as the precoding confirmation and indication schemes.
Precoding confirmation can be sent to confirm the correctness of feedback
signaling if there is no error in the feedback signaling. [0017] A single bit or bit
sequence may be used for precoding confirmation and may be sufficient for some
applications. The use of advanced signaling such as precoding validation using
confirmation significantly reduces the signaling overhead. Therefore error
checking and detection is desirable.
SUMMARY
[0016] Disclosed is a method and apparatus for feedback type signaling error
check, detection and protection in a wireless communication system. Feedback
type signaling may include channel quality index (CQl), precoding matrix index
(PMI), rank and/or acknowledge/non-acknowledge (ACK/NACK). The disclosure
includes a wireless transmit receive unit (WTRU) performing a method that
includes providing a PMI(s), producing error check (EC) bit(s), coding the PMI(s)
and the EC bit(s), and transmitting the coded PMI(s) and EC bit(s). The method
may be applied to other feedback information, such as CQl, rank, ACK/NACK and
the like.
[0017] In one aspect the present invention provides a method of feedback in a
wireless transmit receive unit (WTRU), the method including:

the WTRU generating a feedback signal, the feedback signal including at
least one of a precoding matrix index (PMI) or a channel quality index (CQl);

the WTRU determining a number of bits of the feedback signal to be
encoded;

the WTRU selecting a type of error detection and correction scheme to
apply to the feedback signal based on the number of bits of the feedback signal to
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be encoded, wherein selecting the type of error detection and correction
scheme includes selecting a number of error check (EC) bits to attach to the
feedback signal and selecting a type of channel coding scheme to apply to the
feedback signal and the selected number of EC bits;

the WTRU encoding the feedback signal and the selected number of EC
bits using the selected type of channel coding scheme; and

the WTRU transmitting the encoded feedback signal.
[0018] In another aspect the present invention provides a wireless transmit
receive unit (WTRU) including a processor configured, at least in part, to:

generate a feedback signal, the feedback signal including at least one of a
precoding matrix index (PMI) or a channel quality index (CQl);

determine a number of bits of the feedback signal to be encoded;

select a type of error detection and correction scheme to apply to the
feedback signal based on the number of bits of the feedback signal to be
encoded, wherein the processor is configured to select the type of error detection
and correction scheme by selecting a number of error check (EC) bits to attach to
the feedback signal and by selecting a type of channel coding scheme to apply to
the feedback signal and the selected number of EC bits;

encode the feedback signal and the selected number of EC bits using the
selected type of channel coding scheme; and

transmit the encoded feedback signal.
[0019] In a further aspect the present invention provides a method for a wireless
transmit receive unit (WTRU), the method including:

the WTRU determining to transmit a first feedback signal in a first
transmission time interval (TTI), wherein the first feedback signal includes a first
group of precoding matrix indices (PMIs);

the WTRU selecting a first type of error detection and correction scheme to
apply to the first feedback signal based on a number of bits of the first feedback
signal to be encoded, wherein selecting the first type of error detection and
correction scheme to apply to the first feedback signal includes selecting a
number of cyclic redundancy check (CRC) bits to attach to the first feedback
signal and selecting a type of channel coding scheme to apply to the first
feedback signal and the selected number of CRC bits;
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the WTRU applying the first type of error detection and correction scheme
to the first feedback signal;

the WTRU transmitting the encoded first feedback signal in the first TTI
after applying the first type of error detection and correction scheme;

the WTRU determining to transmit a second feedback signal in a second
TTI, wherein the second feedback signal includes a second group of precoding
matrix indices (PMis);

the WTRU selecting a second type of error detection and correction
scheme to apply to the second feedback signal based on a number of bits of the
second feedback signal to be encoded;

the WTRU applying the second type of error detection and correction
scheme to the second feedback signal; and

the WTRU transmitting the encoded second feedback signal in the second
TTI after applying the second type of error detection and correction scheme.
[0020] In yet another aspect the present provides a wireless transmit receive unit
(WTRU) including a processor configured, at least in part, to:

generate a feedback signal, the feedback signal including at least one of a
precoding matrix index (PMI) or a channel quality index (CQl);

determine a number of bits of the feedback signal to be encoded;

select a number of error check (EC) bits to attach to the feedback signal
based on the number of bits of the feedback signal to be encoded;

selecting a type of channel coding scheme to apply to the feedback signal
and the selected number of EC bits based on the number of bits of the feedback
signal to be encoded;

encode the feedback signal and the selected number of EC bits using the
selected type of channel coding scheme; and

transmit the encoded feedback signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] A more detailed understanding may be had from the following description,

given by way of example in conjunction with the accompanying
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drawings wherein:

[0022] Figure 1 showz a wireless communication system including a
phurality of WIRUs and an eNB;

[0023] Figure 2 is a functional block diagram of the WTRU and the eNB of
the wireless communication gystem of Figure 1;

[0024] Figure 8 is a block diagram of PMI feedback with errox checking and
correction in accordance with one embodiment;

[0025] Figure 4is g block diagram of PMI feedback with error checking
and correction in accordanee with ancther embodiment;

[6028] Figure 5 ig a block diagram of PMI feedback with error checking and
correction in accordance with an alternative embodiment;

[0027] Figure 6 iz a block diagram of PMI feedback with error checking and
correction in accordance with another alternative embodiment;

[0028] Figure 7 is a block diagram of PMI feedback with error checking and

correction in accordance with yet another alternative embodiment;

[0029] Figure 8 is a block diagram of PMI feedback with error checking and

correction in accordance with vet another alternative emhodiment;

[0030] Figure 9 ig a block diagram of PMT and CQI feedback with error

checking and correction in accordance with yet another alternative embodiment;

[0031] Figure 10 is a block diagram of PMI and CQY feedback with error

checking and correction in accordance with yet another alternative embodiment;

0032 Figure 111s a block diagram of PMI, CQI and ACK/NACK feedback

with error checking and correction in accordance with yet another embodiment;

and

[0033] Figure 12 is a block diagram of PMI, CQI and ACK/NACK foedback

with error checlking and correction fn accordance with yet another embodiment,

[0034] DETAILED DESCRIPTION
[0035] When referred to hereafter, the terminology “wircless
transmit/receive unit (WIRU)" includes but is not mited to a user equipment

(UE), a mobile station, a fixed or mobjle subseriber unit, a pager, a cellular

5.

COMS ID No: ARCS-373764 Received by IP Australia: Time (H:m) 14:39 Date (Y-M-d) 2012-06-15

11743



15-Jun-2012 12:17 PM Watermark +61893254463

15 Jun 2012

2012203494

telephone, a personal digital assistant (PDA), a computer, or any other type
of user deviee capable of operating in a wireless environment, When referred to
hereafter, the terminology "base station” includes but is not limited to 2 Node-B,
a site controller, an access point (AP), or any other type of interfacing device
capable of operating in a wireless environmont,

[0036) Figure 1 shows a wireless communication system 100 including a
plurality of WI'RUs 110 and an eNB 120, Asshown in Figure 1, the WI'RUs 110
are In communication with the eNR 120, Although three WTRUs 110 and one
eNB 120 aro shown in Figure 1, it should be noted that any combination of
wireless and wired devices may be included in the wireless communication
system 100,

[06087] Figure 2 is a functional block diagram 200 of the WTRU 110 and the
eNB 120 of the wireless communication system 100 of Figure 1, As showrn in
Figure 2, the WTRU 110 igin communication with the eNB 120. The WTR(T 110
is configured to transmit feedback gignals and control signals to the eNE 120,
The WTRU ig also configured to receive and transmit feedbuck and control
signals from and to the eNB. Both the eNB and the WIRU are configured to
process signals that are modulated and coded,

[0038] In addition 1o the components that may be found in a typical WI'RU,
the WTRTJ 110 includes & processor 215, a receiver 2186, a transmitter 217, and
an antenna 218. The receiver 216 and the transmitter 217 are in communication
with the processor 215. The antenna 218 is in communication with hoth the
receiver 216 and the transmitter 217 to facilitate the transmission and reception
of wireless data.

[0039) In addition to the components that may be found in a typical eNB,
the eNB 120 includes a processor 226, a receiver 226, a transmitter 227 ,and an
antenna 228. The receiver 226 and the trangmitter 227 aro in communication
with the processor 225, The antenna 228 is in communication with both the
receiver 226 and the transmilter 227 to facilitate the transmisgion and roception

of wirelese data,
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100401 A WTRU may transmit o foedback signal (e.g., PMI feedback) to an
eNB. Hrror check (BQ) (e, Cyelic Redundancy Check (ORQ)) bits may be
attached to the feedback signal (e.g., PMI feedback). Both the feedback signal
{e.g., PMI) and the EC bits may be encoded prigy to trangmission. The feedback
signal may include PMI, CQI, rank, ACK/NACK or other type feedback signal.
While this disclosure makes reforence to a PMI bit, CQI bit, EC bit and the like,
one skilled in the art may recognize that PIMI feedback, COI feedback and error
checking and correction may be, and in most cases is multiple bits. Although
feedback signasl such as PMI or 0QJ are used as examples other type feadback
signals may also be used..

[0041] Different type channels may be used for lransmitting and carrying
the feedback type signal. For example, both eontral type channels and data type
channels may be used to carry the feedback type signal. An example of a control
type channel is the physical uplink control channe] (PUCCH). An example ofa
data type channcl is the physical uplink shared channel (PFUSCIT). However, one
ekilled in art will recognize that the method and apparatus disclosed herein are
independent of channel choice,

[0042] The PMI and EC bits may be coded together, with or without data
bits. Both data type channels and control type channels may be used to transmit
the feedback signal and EC hits. For example a data type channel (e.g,, the
physiea] uplink ghared channel (PUSCH)) may be used to transmit PMT and EC
bits. A control type channol (e.g., the physical uplink control channel (PUCCH))
may also be uged to transmit PMI and BEC bits,

[0043] Alternatively, PMT and EC bitg may be coded with a first coding
scheme and data bits may be coded with a seeond coding scheme. Each of the
coding scheres may be different. For example, convolutional coding or Reed-
Muller coding may be used for the feedback type signal and while turbo coding is
uged for the data (ype signal. Alternatively, tho coding schemes may be the
same, but with different parameters and seltings to address different error rate

requirements for feedback type signal and date type signal. The data type
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vhannel (e.g., PUSUH) may be used to transmit PMI and EC bits, The control
type vhiaugel {e.g., FUCGH) may also be used to transmit PMT and BEC bits.
[0044] PMI and EC bits may be separately coded for each group, if
grouping is used for foedback type signaling,

[0045] All the PMI and/or BC bits may be fed back or reported at the same
time For example, all the PMI and/or EQ bits may be reported in a8 same
transmission time interval (TTT), Alternatively, the feedback type bits and the
exror checking bits may be reported at a different time, For example, PMI and/or
EC bits may be split into groups and reported in diffevent T'TTs,

[0044] Error checking and detection methods such as cyclic redundancy
check (CRC), for example, may be used. If QRO is used, it may be, for example,
24-bit CRC or 16-hit CRC. The length of the CRO may be varied, and the actual
length used may depend on design choices.

[0047] CRC bits may be attached to feedback type signals and transmitted
on a data type channel to carry the feedback type signal bits and CRC bits, The
feedback type signals may be, for example, PMI, CQL, rank or ACK/NACK, The
data type channel may be, for example, a PUSCH. A data type chanpel hag »
large capacity and can accommodate a rolatively large number of'bits. Therefore,
tho CRC can be, for example, 24-bit CRC, 16-bit CRC or some other length CRC.
Long CRC may be used, and is preferable as it provides for better error checking.
While this may add additional overhead due to the addition of CR(C bitz, the
PUSCH may have the capacity to handle the larger number of bits, Using a data
channel, such as PUSCH, allows for the transmission of feedbacl signals such as
PMI, CQI, rank and ACK/NACK in a single TTI. Therefore, a feedback type
signal with a long CRC that provides better error check capability can be
implemented,

[0048) Alternatively, CRC bits may be attached to feedback type signals
and irangmitted on a contro] type channel. The CRC can be a 24-hit. CRC, 16-bit
CRC or other length CRC, Typically, control type channels may not have large
capacity to carry a large number of bits, In order to transmit CRC bits and the

feedback type signals, the transmission may be split and trangmitted multiple

-8
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times, The PMI faedback signal may be split, aud Lransmitied in multiple 1'1'lg.
For example, ane PMT may bo franamitted in amd P07 ] oll the sesslssol
signals are transmitted. CQI or other foedback signals can be handled in a
gimilaw way.

[0049] FMI, CQI and/or other feedback Lype signals can be transmitted
separately at different times or in different TTIs. In general, a control type
channel (e.g. PUCCH) may not earry large number of bits each time and if there
are large number of foedback bits needed to he sent, the feedback bits ean be
divided or gplit into groups. Each group may be reported, one at a time, Each
feedback instance may contain s single PMI, CQI, other feedback signal, or
combination of feedback signals. The CRC can he fod back or transmitted at the
game time (in the same TTI) as PMT or CQI Alternatively, the CRC can be fed
back or transmitted separately from PMI or CQL That is, CRC can be
transmitted at different times or in different T'Ts from the times or TTIs that the
PMI or CQI are transmitted. CRC ean also be divided into segments or BTOups,
and each CRC segment may be transmitted or fod baclk with feedback signal at
the same time or in the same TTY. Each CRC segment can also be transmitted at
different time or different TTL

(00801 Use of CRC atlached o tho feedback signal can apply to a gingle
feedback signal such as one PMI and/or one CQIL. Such single feadback scheme
may be used when non-frequency selactive foedback or wideband feedback {one
feedback per entire bandwidth or per entire configured bandwidth) is used.
[0051] Other error check or detection methods such as parity check
(including a single-bit parity cheek) or a block parity check, for example, may also
be used, The disclosure herein is not limited o any one particular error checking
scheme, as would be recognized by one skilled in the art.

[0052] Coding schemes such as convolitional coding, Reed-Solomon oy
Reed-Muller coding, for example, may be used. Other coding schemes, for
exzample, turbo coding and low density parity check (LDPC) code, may also be
considered, If the feedback is transmitted via a data type channel (e.g., physical
uplink shared channel (PUSCHY)), convolutional or block coding may be guitable

.9
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because the data type chanmne] (e.g., PUSCH) allows transmission of a large
number of bits. Reed-Muller or Reed-Solomon coding also may be suitable due to
a moderate number of bitg being coded by these coding schemes. The digclosure
herein is not limited to ANy me partiovlar coding svlwewme, as would be recognized
by one skilled in the art,

[0053] Figure 3 is a block diagram 300 of PMI feedback with error checking
and correction in accordance with one embodiment. Multiple PMIs configured as
PMI_1 302, PMI_2 304, PMI_8 806 through PMI_N-1 308 and PMI_¥ 810 are
shown in Figure 8. E( bits 312 ave attached to the PMI signal 316. The EC bitsg
312 could be CRC bits of 24 hit length, 20 bit length or 16 bit length. Qther
lengths of CRC may algo he used. PMI bits (302-310) and the BC bits 312 are
encoded by a chuannel coding fanction 814 prior to transmission, The channe]
coding can be performed jointly for all PMls and EC. The Jjointly encoded PMIs
and EC can be transmitied at the same thime or in the same TTI, The Jjointly
encoded PMIs and FC can be transmitted at a different time or in different TTis,

Alternatively the channel coding can be performed separately for each PMI and

the EC bils or for a group of PMIs and EC. The EC bits can be divided into

segments and each EC bit sepment can be separately chaonel encoded and

transmitted, '

[00564] For example if there are an integer number "N" PMIs, cach PMI

may be 4 bits and each B¢ may be 24 bits, using, for example, 24 bit CRC. The

total number of bits is 4N+24 bits. The total number of bite can be jointly

oncoded using channel coding {e.g., convolutional coding). The encoded bits can be

transmitted or fed back at one time in single TTT. The total number of encoded

bits can also be transmitted or fed back af several different time, or different

TTIs. For example, the cncoded bits may be transmitted an integer number "M"

fimes in M different TTIs. Bach TTI may transmit (4N+24)/M original

information and CRC bits. The {(4N+24)/M original information and CRC bits in

each TTI may contain PMT bits and/or CRC bits. If the TTI containg a

combination of PMI and CRO bits, then 4N/M PMI bits and 24/M CRC bits may
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be included in a gingle T'TT. If M=N » 4 PMI bits and a fractional portion of the
CRC bits mav be transmitted in o singlo TTL.

[0055] Alternatively, a 24 bit CRC can be divided mfioc 6 segments, each
with 4 bits, which is the same number of bits as in a PMIL Each PMI and each
CRC segment may he separately or jointly encoded and transmitted in a TTI.
[0056] The EC bits 812 can be a CRC, for example, The channel coding
function 314 can be convolution coding, for example. Exror checking and detection
methods, such as a parity check, can also be used, and other channel coding
methods, such ag Reed-Muller coding or Reed-Solomon coding, for example, can
also be used.

[0057] Each PMI may represent precoding information for a sub-band, an
RBG, a group of sub-hands or a wideband, For example, PMI_1 can be s

.wideband PMI (“average” precoding information for a whole band) and PMI_2to

PMI_N ean be sub-band PMIg or averaged PMIs, esach corresponding to s
precoding information for a sub-band, and RBG, or a group of sub-hands.
10058] Similarly CQI and other feedback type signals can be added with
error check eapability by attaching CRC, channel coded and transmitted as
described previously.

[0059] PMI feedback signaling may be combined into groups with separate
error checking for each group of FMIs. EC bits may be attached to each group of
PMIs before channel coding. '

[0060) Figure 4 ig a bleck diagram 400 of PM] feedback with error checking
and correction in accordance with anothor embodiment, where PMI_1 402, PMI_2
404 and PMI_3 408 are grouped together and a first error check EC(1) 408 is
attached., PMI_4 410, PMI_5 412 and PMI_6 414 are grouped together and are
attached with ECQ(2) 418, PMI N-2 418, PMI_N-1 420 and PMI_N 4922 are
grouped together and are attached with EC(G) 424, PMI (402-406, 410-414, 418-
422} and EC 408, 418, 424 are coded by channel eoding function 498.

[00&1] As state above, the BC could be a CRC. An error checking, detection
and correction method may be selected baged on a total number of bits that are

encoded. The EC may use, for example, a short or long CRC, a single parity bit

o

COMS ID No: ARCS-373764 Received by IP Australia: Time (H:m) 14:39 Date (Y-M-d) 2012-06-15

17743



15-Jun-2012 12:20 PM Watermark +61893254463

15 Jun 2012

2012203494

01 a block parity chock bit, Othes ervur checkIng, correction and daeteclion
methods, such as advanced parity checking, for example, may be nged,

[0062] The channel coding function may use, for example, convolutional
coding or Reed-Solomon coding, Other channel coding methods, such aas block
coding, turbo eoding or LDFC, for example, may also be usad.

[0063] PMIs can be divided into several groups and groups of PMIs can be
transmitted in different transmission time intervals (TTI). Groups of PMIs may
also be transmitted in a single TTI. Each group may be reported after channel
coding. This is referred to as frequency sclective feedback and reporting of
multiple PMIs. CQI, rank and ACK/NACK signals may also be fad back or
reported on a frequency seloctive bagis,

(00641 PMI_1 402, PMI_2 404, PMIL 3 406 and EC(1) 408 may be reported
in a gingle TTT, for example T'TT(1). PMI_4 410, PMI 5 412, PMI 6 414 and
EC(2) 416 may be reported in a second TTI, for example TTI(2). PMI_N-2 418,
PMI_N-1 420, PMI_N 422 and EC(G) 424 may be reported in another TTI, for
example TTI(G).

[0065] if the error detection or checking mechanigrn is disahled or if the
error detection or checking capabilily is removed, there 15 no EC bit attachment,
In that case, PMI group 1 (PMI_1 402, PMI_2 404, PMI_3 406) may be reported
in TTI(1), PMI group 2 (PMJ_4 410, PMI_5 412, PMI_6 414) may be reported in
TTI(2) and PMI group G (I"'MI_N-2 418, PMI_N-1 420, PMI_N 422) may be
reported in TTI(G). The reporting may occur with or without EC bits,

[00686] Figure 5 is & block diagram of PMI foedback with error check and
correction in accordance with an alternative embodiment. The error check hits
EC(1) 508 aze used for PMI 1 502, PMI_2 504 and PMI_8 506. The error check
bits EC(2) 516 are used for PMI_4 510, PMI 5512 and FMI_& 514 and the error
check hits EC(Q) 528 are used for PMI_N-2-522, PMI_N-1 524 and PMI N 526,
The PMI bits and the EC bits are coded by channel eoding function 540 prior to
iransmission.

[00671 In another alternative embodiment, the PMIs may be separated into

groups, and each group has an associated error detection and check value, The

-12.
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feedback signaling and error check of each group are coded separately. The coded
feedback bits and EC bits can be trapsmitted in the same TTI or in different
T1Is. Each PMI group, with its assneiated RO, iz soded individually.

0068] Figure 6 is a block diagram 600 of PMI feedback with crror check
and correction in accordance with the other alternative embodiment. PMIs are
divided into G groups for error detection and/or correction. BO(1) 620is attached
to PMI_1 602, PMI_2 604 and PMI_3 606, EC(2) 622 is attached to PMI_4 608,
PMI_5 610 and PMI_6 612 and BG(IN) 624 is attached to PMI_N-2 614, PMI_N-1
616 and PMI_N 618. PMI_1 602, PMI_2 604 and PMI_3 606 and EC (1) 620 are
enceded by a first channel coding fimetion 630. PMI_4 612, PMI 5 614 and
PMI_6 6186, along with E((2) 622 are encoded by second channe} coding function
640. PMI N-2 814, PMI_N-1 618 and PMI_N 618, along with BC{®) 824 are
encoded by an Gth channel coding fanction 850. Error checking, correction and
detection methods may be chosen based on the number of bits requiring encoding.
The EC may use, for example, a CRC that may be, for example, 24 bitg, 20 bits or
16 bits. The EC may also use a single parity bit or block parity check bits that
have fewer bits than 16 bits. The BC may also use, for example, error checking
and detection methods such as advanced parity check.

[0069] The channel coding functions 630, 640, 650 may use, for example,
convolutional coding or Reed-Solomon coding, Other appropriate channel coding
such as block coding, turbo coding or L.DPC may also be used.

[0070] The EC bits can be divided into several groups, each group of EC
bitg can be fod back or reported at the same time or at different time. For
example cach group of EC bits can be fed back or reported in the same or
different TTIs. Each group is reported after joint or separate channel coding for
each group, -

[0071] Each PMI group ean be reported in. a different TTI or together in the
sarae T'I'T. Each group is reported after separate channel eoding of groups, Also,

other feedback signaling, such ag CQI, rank, and ACR/NACK, for example, may
be used.
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(00721 PMI_1 602, PMI_2 604, PMI_3 606 and EC(1) 620 may he reported
in TTIL). BMI_4 , DMI_G » PML 6 and () may be reparted in TTI(?), and
PMI_N-2 , PMI_N-1, PMI_N and EC(G) may be reported in TTI say TTIQ),
[0073] I the error detection or check mechaniem ig dizabled or if error
detection or check capability is removed, there may be no EC bits attachment,
The PMI groups may then be reported without the EC bits, PMI group 1 (PMI_]
402, PMI_2 404, PMI_2 406) may be reported in a TTI(1), PM] group 2 ( PMI_4
410, PMI_5 412, PMI_6 414) may be reported in TTI(2) and PMI group 3
(FMI_N-2 418, PMI N-1 420, PMI_N 422) may be reported in TTKG). Bach
Teporting group may have separate channel coding,

[0074] When the number of PMI groups is equal to the number of PMTs
{G=N), then there 32 one PMI per each PMI group, Each PMI may be attached
with EC (e.g., CRC) bits and encoded separately. Each PMI may be reported at
different times. PMI_1 702, PMI 9 704 and PMI_N 706 may be reported in
ditferent TTTs. For example, PMI_1 702 may be reported in TTI(1), PMI_2 704in
TTIZ) and PMI_N 706 in TTI(N.), The feedback or reporting may oceur via a
control type channel (e.g., physical uplink eontrol channel (PUCCHD).

[0075] Alternatively, PMI_1 704, PMI 2 70, PMI_N 706 may be reported at
the same time. For example PMI_1 704 to PMI_N 706 may be reported in a
single T'FT. Thig may oceur via the data type channel {e.g., PUSCH), due the
ability of the data type channel (e.g., PUSCH) to handle more bits. Othep
feedback signalg, such as GQL rank, and ACK/NACK, for example, may be used
with or instead of PMI

[00'76] Figure 7 is a block diagram of PMI feedback with error checking and
correction in accordance with vet ancther alternative embodiment. PMIs are
divided into G groups for error check and detection, with G=N. PMI_1 702 is
attached with error check bits EC(1) 712, PMI_2 704 is attached with EC(2) 714
and PMI_N 706 are attached with EQ(N) 716. Bach FMIEC pair is encoded by
the channel coding function 720. Appropriate error checking, correction and
error detection schemes may be used, and may depend on the number of bite

required to be encoded, For example, a particular EC may use a CR(, for
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example, 24-bit CRC, short ORC, a single parity bit or block parity check bits.
Channel rading may ueo Rood Solemen codivg, [ur example. Other appropriate
error check and detection such as long CRC or other parity check schemes may be
uged. Other appropriate chanmel coding such as block eoding, convolutional
coding, turbo coding or LDPC may also be use,

[C077] Using frequency selective reporting, PMI_1 702 may be reported in
TTI(1), PMI_2 704 in TTI(2) and PML N 706 in TTHN). These PMls may be
reported via the control type channel (e.g., PUCCH). Alternatively, PMI 1 to
PMI_N can be reported in a gingle TTI via the data type channel (e.g., PUSCH).
Other feedback signaling, such as CQJ, rank and ACK/NACK, for example, may
be used.

[0078] Figure 8 is a block diagram of PMI feedbadlk with error ehecking and
correction in aeccordance with yet another alternative embodiment, BEC(1) 812
may be used for PMI_1 802, EC(2) 814 may be used for PMI_2 (804) and EC(N)
816 may be used for PMI_N (808), PMIs and ECs are coded either separately or
jointly in the channel coding function 820,

[6079) PMI_1 802 may be reported in TTI(1), PMI_2 804 may be reportad
in TTII(2) and PMIN) 806 may be reported in TTI(N). PMI_1 802, PMI_2 804
and PMI_N 806 ¢an he separately coded and reported in different or the same
TTIe. Alternatively PMI 1 802 PMI_2 804, and PMI_N 808 can be jomtly coded,
=plit, and reported in different TTIs. Furthermore FMI_1 802, FMI_2 804 and
PMI_N 806 can be jointly coded and reported in the same T'TT. Alternatively,
PMI_1 802, PM1_2 804 and PMI_N 806 can be separately coded with different
protection schemes and reported in the zame TTT. CQI, rank and ACK/NACK
may be used as well,

[0080] Figures 3 to 8 depict error checking, coding and feedback for PMI,
and show a single type feedback gignal, CQI and other type foedback signals can
be substituted for PMI.

{0081] Figures 9 through 12 depict error checking, coding, transmission
and feedback for move than one type feedback signal, Figures 9 through 12 are
dizcusged in detail helow,
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[0082] PMI feedback and other type control signaling may be error checked
separately with the same or differont error checking and then encoded together,
For example, g first type feedback signal, which may be a PMI, can be attached
with a first EC, which may be a CRC, such as a 24 bit CRC. A second type
feedback signal, which may be a CQI, may be attached with the same B,
[0088] In another example, a first type feedback signal, which may be a
PMI, may be attached with an EC, which may be a CRC, such as a 24 bit CRC. A
second type feedback signal may be attached with a second EC, may be a 16 bit
CRC.

[0084] In general, different error checking and/or correction ean be used for
different iypes feedback sipnals or different feedback gignals of the same type.
The choice of which error checking and/or correction to use may involve a design
decision of robustness versuz overhead, A longer ORC may give greater
protection, but it also creates more bits. Therefors, if one type feedback signal is
more important than another type feedhack signal, a sironger error checking
end/or correction capability can be provided to the more important type feedback
gignal. Similarly for the feedback signal of the same type if one foedback gignal or
group of feedback signals is more important than another fecdhack signal or
group of feedback signals, stronger error checking and/or correction capability
can be provided to the more important feedback signal or group of feedback
signals,

[0085] Referring again to the examples provided above, if the first feedback
signal, which may be PMI, is more important than the second feedback signal,
which may be a CQI, then g longer CRC with higher error check and detection
ability can be used for PMI and shorter ORC with lower exror check and detection
ability can be used for CQL.

[0026] Applying different eryor checking and/or correction capahilities o
feedback signals can protect the feedback signal that are of importance, optimize
the link performance and minimize the gignaling overhead.

[0087] Figure 91s a block diagram 900 of PMI feedback with error checking
and correction and channel quality index (CQD feedback with error checldng and

-1G-

COMS ID No: ARCS-373764 Received by IP Australia: Time (H:m) 14:39 Date (Y-M-d) 2012-06-15

22/43



15-Jun-2012 12:22 PM Watermark +61893254463

15 Jun 2012

2012203494

correction in aceordarice with yet another alternative embodiment. A first EC 530
(e.g., CROC) is attached to PMI_1, 902 PMI 2 904, PMI_3 906 through PMI_N
908. A second EC 940 (e.g., CBC) is attached to CQI-1 912 through CQI-M 914.
The EC attached PMI signal 910 and the CQI signal 920 are coded together in
the channel eoding function 950 to produce a single fransmit signal.

[0088] In Figure 9 the first BC 980 and the second EC 940 may be the
same. This would give equsl error cheelting and protection to each feedback
gignal.

{0089] Alternatively, the first BC 930 and the second EC 940 may he
different. Ifthe PMI feedback is more important to system performance than the
CQI feedback, the first EC 930 may be more robust, For example, the first RO
may be a 24-bit CRC and the second EC may be a 16-hit CRC.

[0090] PMI feedback signals can consist of a “wideband” PMI,
“narrowbhand” PMI”, “sub-band” PMI, and/or averaged PMIL. Similarly CQI
feedback signals can, consists of a “wideband” CQI, “narrowband” CQL, “sub-band”
CQI and/or averaged CQI,

Alse, similar £0 the embodiments including a single feedback, as shown in, TFigure
3 through Figure 8, the EC bits and the Teedback bits may be transmitted in a
single TTL, or may be split in to nrultiple TTIs, More specifically, the data type
channels (e.g., PUSCH) may be used to transmit the feedback bits and the EC
bits in a single TTT, a5 the data type channel is able to handle a greater number
of bits per TTL

10091] Also, the coding used for the feedback bits and the RC bitas may be
the same with the same or different weights, or may be different. One skilled in
the art would recognize that there numerous possible combinations of coding,

transmitting, and error checking,

[0082] Hipure 10 is a block diagram 1000 of PMI and CQI feedback in

accordance with yet another embodiment, The feedback gignals may be attached

with error check bits together and coded together. Signals that include FPMI 1

1002 through PMI _N 1004 are input into an BC attachment/insertion function

1020 along with signals that include CQI_1 1012 through CQI M 1014. The
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signals are processed by the BC funetion 1020 and a single output signal is input
into a channel coding function 1030 prior to transmission,

[0093] Control signaling other than CQI may be used as well, including
ranle and ACILNACK.
[0094] Figuare 11 iz a block diagram 1100 of PMI feedback with ETTOr

cheeking and correction, CQI feedback with error checking and correction and
ACK/NACK feedback in accordance with yet another embodiment. A first BC
1110 is attached to PMI 1 1102 through PMI_N 1104. A second EC 1120 is
attached to CQI_1 1112 through, CQI_M 1114, The PMI signal 1106 and the CQI
signal 1116 arc input fnto a channel coding fumction 1140 with an ACK/NACK
signal 1130,

[00S5] ACK/NACK feedback signal 1130 can be replaced with rank
feedback signal in Figure 12, Alfemaﬁvely rank feedback signal can be added to
Figire 12.

[0098] Figure 12 is a block diagram 1200 of PMI feedback and €QI
feedback with ACK/NACK feedback in accordance with yet another emhodiment,
CQL PMI and ACK/NACK may be coded together, but error checked separately.
A 'MI signal 1202 ineluding PMI_1 1204 through PMI N 12086, a CQI sigpal
1212 Including CQI_1 1214 through CQI_M 1216 and an ACK/NACK signal 1220
are nput inte an EC attachment/insertion function 1230. The single Bignal
output is processed by a channel coding function 1240 and transmitted. One EC
(e.g., CRC) is attached to the combined signal prior to coding and transmission,
[0097] ACK/NACK feedback signal 1220 can be replaced with rank
feedback signal in Figure 12, Alternatively rank foedback signal can be added to
Figure 12.

[0098] The PMI, CQI and ACK/NACK signals may have different error
checking and/or protection. Far example PMI may have the highest error
checking and/or error protection, while CQI may have lower error cheeking
and/or error protection. PMI, CQI, and ACK/NACK can have different error
checking and/or protection while using different error checking and/or coding

schemes or using the same error checking and/or coding scheme. Different
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weights may be used on, PMI, CQI and ACK/NACK signale. The different error
checking and/or error proteetion may be achieved by using different error
checling and/or coding schemes, or using the same error checking and/or coding
scheme but with different importance weights on different feedback type signals
by ugzing unequal error checking and/or coding and protection schemes. This may
be applicable to other foedback signaling, such as rank, for example.

[0099] Sirnilarly PMI feedback signals can consist of & “wideband” PMI,
“narrowband” PMI”, “sub-band” PMI and/or averaged PMI. Similarly CQI
feedback signals ean consists of'a “widoband” CQI, “narrowhand™ CQI, “sub-band”
CQI and/or averaged CQI.

(00100} EMBODIMENTS

[00101] 1, A method of feedback in a wireless transmit receive unit
(WTRD), the method compriging providing « precoding matrix index (PMI)error
checking the PMI to produce an ervor check (EC) bit; coding the PMI and the B
bit; and transmitting the coded PMI and EC bit,

[00102] 2, The method as in embodiment 1 firther compriging grouping
a pharality of PMIz into PMI groups,

[00103] 3. The method ag in embodiment 1 o 2 farther compriging error
checking each of the plurality of PMI groups to produce the EC hit.

[00104] 4, The method as in any cne of cmbodiments 2 or 3 further
comprising error ehecking each of the plurality of PMI groups to prodiice a
plurality of EC bits, wherein one of the plurality of EC bits is attached to each
FMI group; an coding the attached EC bit with the corresponding PMI group,
[00105] 5, The method as in any one of embodiments 2-4 further
comprising ‘error checking each of the plurality of PMT groups to produce a
plurality of £C bits, wherein one of the plurality of EC bits is attached to each
PMI group; and coding the EC bits after coding the PMY groups.

[0010€] 8. The method as in embodiment 4 or 5 further comprising
providing a plurality of coding functions, wherein each of the plurality of coding
funetions is associated with one of the plurality of PMI groups; and coding each of

-109_
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the plurality of PMI groups and associated EC bits with an aggociated coding
funetion,

[00107] 7. The method as in any one of embodiments 3-6 wherein a
number of PMI groups is equal to a mumber of EC hifa.

[00108] 8. The moethod as in any one of embodiments 3-7 further
comprising error checking each PMI group individually; and coding the phrrality
of PMI groups with the EC bits,

[00109] 0. The method as in any one of embodiment 3-8 further
comprising error checking each PMI group individually, and coding the plurality
of PMI groups separately from the HO bits,

[00110] 10.  The method ag in any ome of embodiments 1-9 further
comprising providing a control index: evror checking the control index to produce
a second EC bit; and coding the PMT and the EC hit with the control index and
the second EC bit,

[00111] 11.  The method as in embodiment 10 further comprising
pProviding a exror detection signal; and coding the PMI, the control index, the BEC
bit, the second EC bit and the error detection gignal.

001123 12, The method as in embodiment 11 wherein tke error detection
glgnal is an aclmowledge/non~acknowledge (ACR/NACK) signal.

[00113] 13. A method for feedback in a wireless transmit receive unit
(WTRD), the method comprising providing a precoding matrix index (PMI):
providing a control index; error checking the PMT and the control index to
produce an error checking (RC) bit; and coding the PM, the control index and EC
bit.,

[00134] 14, The method as in embodiment 18 further comprising
transmitting the coded PMI, contrel index and EC bit to a base station,

[00115] 15, The method as in embodiment 13 or 14 wherein the control
index is a channe] quality index (CQI).

[00116] 16, A wircless transmitfreceive unit (WTRU) comprising a

processor configured to determine a precoding matrix index (PMI): error check
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the (PMTY fa nradiea an arran ohools (R€) ity and wode e T8I and Uis T b
and a transmitter configured to transmit the coded PMJ and BEC bit.

(00117} 17.  The WTRU as in embodiment 16 wherein the Drocessor is
further eonfigured to group a plurality of PMIs into PMI groups,

[00118] 18. The WTRU as in embodiment 17 wherein the processor ig
further configured to error check each of the plurality of PMI groups to produce
the BEC bit.

[00119] 19, The WTRU as in embodiment 17 or 18 wherein the processor
is further configured to error cheek each ofthe plurality of PMI groups to produce
a plurality of BC bits, wherein one of the plurality of EC bits iz attached to each
PMI group; and code the attached EC bit with the corregponding PMI group,
[00120] 20.  The WIRU as in any one of embodiments 17-19 wherein the
processor is further configured to error check each of the plurality of PMI groups
to produce a plurality of EC bils, wherein one of the plurality of EC bits is
attached to each PMI group; and code the EC bits after coding the PMI groups
[00121] 21.  The WTRU as in embodiment 20 or 21 whevein the processor
is further configured to determine a plurality of coding functions, wherein each of
the plurality of coding funetions is associated with one of the plurality of PMI
groups; and code each of the plurality of PMI groups and associated FC bits with
an agsociated coding function.

[00122] 22.  The WIRU as in any one of embodiments 19-21 wherein a
number of PMI groups is equal to a number of EC bits,

[00123] 23, The WTRU as in any one of embodiments 19-92 wherein the

Pprocessor is further configured to error check each PMI group individually: and

code the plurality of PMI groups with the EC bits.

[00124] 24,  The WTRU as in any one of embodiments 19-23 wherein the
processor is further configured to error check each PMI group individually, and
code the plurality of PMI groups separately from the BC bits,

[00125] 25. The WTRU az in any one of erabodiments 16-23 wherein the

processor is further configured to determine a control index; ervor check the
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control index to produce a second EC bit; and code the PMI and the EC bﬂ- with
the control index and the second EC bit.

100126] 28. The WTRU as in embodiment 25 wherein the processor is
further configured in fetermine a error detection sigual; and code the P, the
control index, the EC hit, the second BC bit and the error detection signal,
(00127] 27.  The WTRU as in embodiment 25 or 26 wherein, the error
detection signal is an acknowledge/mn—acknuwledge (ACK/NACK) signa).
[00128] 28, A method of feedback in a wireless transmit receive unit
(WITRU), the method comprising providing a feedback bit error checking the
feedback bit to produce an error check (EO) bif coding the feedback bit and the
EC bit and transmitting the coded feedback bit and EC bit,

[00129] 29.  Themethod as in embodiment 28 further cornprising grouping
a plurality of feedback bits into feedback groups,

[00130] 30.  The method as in embodiment 28 or 29 further comprising
error checking each of the plurality of feedback groups to produce the EC bit.
[00131] 31, Themethod agin any one of embodiments 28-80 wherein the
feedback bit comprises a precoding matrix index (PMD.

[00132] 32, The method a3 in any one of embodiments 28-31 wherein the
feedback bit comprises a channel quality index (CQI).

[00133] 23.  Themethod as in any one of embodiments 28-32 whersin the
feedback bit comprises a rank,

[00134] 34.  The method as in any one of ernbodiments 28-38 wherein the
feedback bit comprizes anacknowledge/non-acknowledge (ACK/NACKD.

(00135} 35.  Themethod as in any one of embodiments 28-34 wherein the
EC bit comprises a eyclic redundancy check (CRC). .
[00136] 36. The method as in ary one of embodiments 28-35 furthar
comprising coding the EC bit with the feedback bit,

[00157] 37. The method as in any one of embodiments 28-36 firther
comnprising eoding the EC bit separate fram the BG bit,

.22
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[00135] 38.  The method as in any one of embodiments 28-37 further
comprising transmitting the feedback bit and the BC hitin a single transmission
time inferval (TTD

[00138] 39. The method as in any one of embodiments 28-38 further
comprising transmitting the feedback bit and the EC bit in geparate TTs.
[00140) 40.  The wmethod as in any one of embodiments 28-39 further
compriging transmitting the feedback bit and a portion of the EC bit in a single
TTI.

[00141] 41,  The method as in any one of embodimnents 29-40 further
comprising error checking each of the plurality of feedback groups to produce a
plurality of EC bits, wherein one of the plurality of EC bits iz attached to each
feedback greup; and coding the EC bits afier coding the feedback groups.
[00142] 42.  The method as in embodiment 41 frrther comprising
providing a plurality of eoding functions, wherein each of the plurality of coding
[unetions is associated with one of the plurality of feedback groups; and coding
each of the plurality of the feedback groups and associated BEC bits with an
agsoctated coding function,.

[00148] Although features and clements are deseribed 2hove in particular
combinations, each feature or element can be uged alone without the other
features and elements or in various combinations with or without other features
and elements, The methods or flow charts provided herein may be implemented
in a computer program, software, or firmware incorporated in a compnrter-
readable storage medium for execution by a general purpose computer or a
processor. Examples of computer-readable storage mediums include s read only
memory (ROM), a random secess memory (RAM), & register, cache IUEmory,
semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM
digks, and digital versatile disks (DVDa).

[00144] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signa)

processor (DSP), a plurality of MiCroprocessors, One or more MCroProcessors in,

28,
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association with 1 DSP core, a confroller, a microcontroller, Application Bpecific

Integrated Circuits {ASICg), Field Programmable Gate Arrays (FPGAg) circuits,

any other type of integrated circujt (IC), and/or a state machi
[00145]

ne.
A processor in association with software may be used to nnplement
aradio frequency transceiver for use in a wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station,

radio network controller {(RNC), or
any host computer, The

WIRU may be used in conjunction with modules,

implemented in hardware and/or sofiware, such as a camera, a video camers

module, a videophone, a speakerphone, a vibration, device, a speaker, a

microphone, a television transceiver, a hands free headset, a keyhoard, a

Bluetooth® module, a frequeney modulated (M) radio wnit, a liguid erystal

display (LCD) display unit, an organic light-emitting diode (OLE1D) dizplay umnit,
a digital music player, a media player, a video game Player module, an Internet

browsex, and/or any wireless local area network (WLAN) or Ultra Wide Band
(UWB) module,

24
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25
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of feedback in a wireless transmit receive unit (WTRU), the
method including:

the WTRU generating a feedback signal, the feedback signal including at
least one of a precoding matrix index (PMI) or a channel quality index (CQl);

the WTRU determining a number of bits of the feedback signal to be
encoded;

the WTRU selecting a type of error detection and correction scheme to
apply to the feedback signal based on the number of bits of the feedback signal to
be encoded, wherein selecting the type of error detection and correction scheme
includes selecting a number of error check (EC) bits to attach to the feedback
signal and selecting a type of channel coding scheme to apply to the feedback
signal and the selected number of EC bits;

the WTRU encoding the feedback signal and the selected number of EC
bits using the selected type of channel coding scheme; and

the WTRU transmitting the encoded feedback signal.

2. The method as in claim 1, wherein the error detection mechanism of the
error detection and correction scheme is disabled, and the number of EC bits is

selected to be zero.

3. The method as in claim 1, wherein the number of EC bits includes a

number of cyclic redundancy check bits.

4, The method as in claim 1, wherein the encoded feedback signal is

transmitted over a data-type channel.

5. The method as in claim 4, wherein the encoded feedback signal is
transmitted over the data-type channel with turbo coded user data bits.

6. The method as in claim 5, wherein the data-type channel is a physical
uplink shared channel (PUSCH).
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7. A wireless transmit receive unit (WTRU) including a processor configured,
at least in part, to:

generate a feedback signal, the feedback signal including at least one of a
precoding matrix index (PMI) or a channel quality index (CQI);

determine a number of bits of the feedback signal to be encoded;

select a type of error detection and correction scheme to apply to the
feedback signal based on the number of bits of the feedback signal to be
encoded, wherein the processor is configured to select the type of error detection
and correction scheme by selecting a number of error check (EC) bits to attach to
the feedback signal and by selecting a type of channel coding scheme to apply to
the feedback signal and the selected number of EC bits;

encode the feedback signal and the selected number of EC bits using the
selected type of channel coding scheme; and

transmit the encoded feedback signal.

8. The WTRU as in claim 7, wherein the processor is configured to determine
to disable the error detection mechanism of the error detection and correction
scheme such that the number of EC bits to attach to the feedback signal is
selected to be zero.

9. The WTRU as in claim 7, wherein the selected type of channel coding

scheme includes a convolutional coding scheme.

10. The WTRU as in claim 9, wherein the selected number of EC bits includes

a selected number of cyclic redundancy check (CRC) bits.

11. The WTRU as in claim 7, wherein the processor is configured to transmit a

rank indicator with the encoded feedback signal.

12.  The WTRU as in claim 11, wherein the processor is configured to transmit
a hybrid automatic repeat request (HARQ) acknowledgement/negative
acknowledgment (ACK/NACK) with the encoded feedback signal.
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13. The WTRU as in claim 7, wherein the feedback signal includes a first
group of PMIs, the processor is configured to transmit the encoded feedback
signal in a first transmission time interval (TTl), a second feedback signal includes
a second group of PMIs, and the processor is configured to transmit an encoded

instance of the second feedback signal in a second TTI.

14. The WTRU as in clam 13, wherein the processor is configured to select a
second type of error detection and correction scheme to apply to the second
feedback signal based on the number of bits of the second feedback signal.

15. The WTRU as in claim 13, wherein the second error detection and
correction scheme is selected to be the same error detection and correction

scheme as was selected for the feedback signal.

16. A method for a wireless transmit receive unit (WTRU), the method
including:

the WTRU determining to transmit a first feedback signal in a first
transmission time interval (TTI), wherein the first feedback signal includes a first
group of precoding matrix indices (PMIs);

the WTRU selecting a first type of error detection and correction scheme to
apply to the first feedback signal based on a number of bits of the first feedback
signal to be encoded, wherein selecting the first type of error detection and
correction scheme to apply to the first feedback signal includes selecting a
number of cyclic redundancy check (CRC) bits to attach to the first feedback
signal and selecting a type of channel coding scheme to apply to the first
feedback signal and the selected number of CRC bits;

the WTRU applying the first type of error detection and correction scheme
to the first feedback signal;

the WTRU transmitting the encoded first feedback signal in the first TTI
after applying the first type of error detection and correction scheme;

the WTRU determining to transmit a second feedback signal in a second
TTI, wherein the second feedback signal includes a second group of precoding

matrix indices (PMIs);
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the WTRU selecting a second type of error detection and correction
scheme to apply to the second feedback signal based on a number of bits of the
second feedback signal to be encoded;

the WTRU applying the second type of error detection and correction
scheme to the second feedback signal; and

the WTRU transmitting the encoded second feedback signal in the second
TTI after applying the second type of error detection and correction scheme.

17. A wireless transmit receive unit (WTRU) including a processor configured,
at least in part, to:

generate a feedback signal, the feedback signal including at least one of a
precoding matrix index (PMI) or a channel quality index (CQl);

determine a number of bits of the feedback signal to be encoded;

select a number of error check (EC) bits to attach to the feedback signal
based on the number of bits of the feedback signal to be encoded;

selecting a type of channel coding scheme to apply to the feedback signal
and the selected number of EC bits based on the number of bits of the feedback
signal to be encoded;

encode the feedback signal and the selected number of EC bits using the
selected type of channel coding scheme; and

transmit the encoded feedback signal.

18. The WTRU as in claim 24, wherein zero EC bits are selected for
attachment to the first feedback signal.

19. The WTRU as in claim 24, wherein the number of EC bits include a
number of cyclic redundancy check (CRC) bits.

20. The method as in claim 1, and substantially as hereinbefore described with

reference to the accompanying figures.



2012203494 23 Jan 2015

29

21. The WTRU as in claim 7, and substantially as hereinbefore described with
reference to the accompanying figures.

22. The method as in claim 16, and substantially as hereinbefore described

with reference to the accompanying figures.

23. The WTRU as in claim 17, and substantially as hereinbefore described
with reference to the accompanying figures.
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