[0001] METHOD AND APPARATUS FOR EFFICIENT PRECODING
INFORMATION VALIDATION FOR MIMO COMMUNICATIONS
[0002] ' BACKGROUND
[0003] Third generation partnership project 3GPP and 3GPP2 are
considering long term' evolution (LTE) for radio interface and network
architecture. There is an ever-increasing demand on wireless operators to
provide better quality voice and high-speed data services. As a result, wireless
. communication systems that erable higher data rates and higher capacities areia
pressing need. |
[0004] To achieve this, it is begoming increasingly popular to use multi-
antenna systems in wireless communications networks to obtain the advantages
of increased channel capacity,:spectrum efficiency, system throughputs, peak
data rates, and/or link reliability. Such multi-antenna systems are generically
referred to as multiple-input-multiple-output (MIMO) systems but may also
include multiple-input-single-output (MISO) and single-input-multiple-output -
(SIMO) configurations. , .
_[0005] _Efficient signaling is essential to evolved-universal terrestrial radio-
access (E-UTRA). A low overhead control signaling scheme can improve MIMO
link performance, system capacity, system throughputs, information data rates,
and increased spectrum efficiency. ’
[0006] MIMO systems promise high spectral efficiency and have been
proposed in many wireless comraunication standards. Research is also currently
undervs.ray on precoding for spatially multiplexed or space-time coded MIM®
systems, Preéoding 1s a technique used to provide increased array and diversity
gains.
[0007] Precoding information needs to be communicated from a transmitter
(e.g., a base station) to a receiver (e.g., a wireless transmit/receive unit (WTRU})
to avoid a channel mismatch between transmitting and receiving signals. Thisis
particularly important for MIMO data demodulation when precoding is used.
When a receiver uses incorrect channel responses for data detection, significant

performance degradation can occur.



[0008] Generally, precoding information may be communicated using
explicit control signaling, parcicularly when the transmitter and receiver are
restricted to using limited setsiof antenna weights and coefficients for precoding.
The limited sets of antenna weights and coefficients are sometimes referred to as
-a precoding codebook. Explicit:signaling to communicate precoding information
from a transmitter to a receiver may incur large signaling overhead, particularly
for a large size codebook. Thisisignaling overhead is magnified when frequency
selective precoding is used.

[0009] Precoding matrix:or antenna weight validation and verification is
used to avoid effective channelimismatch between a transmitter and a receiver.
An effective channel between = base station and a mobile handset is a channel
that experiences the MIMO precoding effect, and is the muItiplication of a
channel matrix H and a precoding matrix V used at an evolved Node-B (eNodeB)
or a transmitter. A mismatch of the effective channel between the transmitter
and the receiver causes severe performance degradation for MIMO
communication systems.

_[0010]. Figure 1A shows & precoding matrix or-antenna weight signaling-
scheme. ‘In a scheme as shown in Figure 1A, a wireless transmit/receive unit
(WTRU) 111 feeds back precoding matrix indices (PMIs) or antenna weights to ::a
base station or an eNodeB 113. Suppose that the WIRU feeds back PMI j
(having Y bits) 115 to the eNodeB 113. To inform the WT'RU 111 of the current
precoding matrix used at the:eNodeB 113, the eNodeB sends a validation
message PMI_k (Y bits) 117 t¢ the WIRU 111. In case of feedback error or
override, PMI_j is not equal to PMI_k. In case of no feedback error and n»
eNodeB override, PMI_j = PMI_k. The validation message can be sent in several
forms, for example via control signaling or via a reference signal.

[0011] In some systems, such as Wideband Code Division Multiple Access
(WCDMA), only one PMI needs to be signaled to the receiver from the
transmitter and vice versa. The signals are transmitted in the time domain
using a spreading code. Signaling the exact single PMI (Y bits) to the receiver

does not incur too much overkead as long as the value of Y is reasonable.
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However, in some systems, such as orthogonal frequency division multiplexing
(OFDM) systems, where the frequency domain is additional to the time domain,
there may be multiple PMIs neaded to be fed back from the WTRU and sent from
the eNodeB for validation to support frequency selective precoding. Frequency
selective precoding performs MIMO precoding per sub-band within a system's
bandwidth. The entire systemhandwidth can be divided into several sub-bands.
Each sub-band consists of one or sevéral sub-carriers. One precoding matrix is
used to precode transmitted dgta per sub-band. In an extreme case, precodir.g
can be performed per sub-carrizr if a sub-band consists of only a sub-carrier. If
multiple PMIs need to be sign:iled to the receiver, then the signaling overhead
could be significant. For example, if there are Z PMIs to be signaled and each
PMI has Y bits, then the total overhead is Z x Y bits. IfZ or Y is large, the
signaling overhead is significart. _ '
[0012] The terms "pregcoding matrix" and "precoding vector" arve
interchangeable and depend upon the number of data streams to be precoded.
[0013] | Each PMI is represented by L bits, wherein the value of L depends
upon MIMO configurations, codiebook sizes, and the number of data streams-to be
supported. WTRUs are assigned resources for communications, A resource block
(RB) consists of M (for example, 12) subcarriers. A resource block group (RBG) or
sub-band consists of N resource blocks (N_RB); for .example, N_RB=24,5,86,10,
25, or entire bandwidth. A system bandwidth can have one or more RBGs or suk-
bands depending on the size of the bandwidth and the value of N_RB per RBG.
For example, the number of REGs per system bandwidth, N_RBG, can be one,
two, four, ten, twenty, or fifty, .n general, the terms "RBG" and "sub-band" ar=
" interchangeable.

[0014] The WTRU feeds back one PMI for each RBG that is configured for
or selected by the WIRU for reporting. Among the RBGs for a given bandwidth,
N RBGs, where N < N_RBG, can be configured for or selected by a WI'RU. If M
RBGs are configured for or selected by a WTRU for reporting precoding
information, the WIRU feeds back N PMIs to the eNodeB. The eNodeB sends
the precoding validation message comprising N PMIs back to the WTRU.
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[0015] To inform the WTRU of the current PMIs used at the eNodeB, the
eNodeB sends N PMIs back t: the WIRU. The total number of bits that the
~ eNodeB sends to the WIRU per PMI validation message is N_PMI x N bits.

[0016] Table 1 shows the number of bits for the PMI validation message
assuming N_PMI = 5 bits. The:numbers are summarized for 5, 10, and 20 MEz
- system bandwidth. The seconc row is N*RB, the number of RBs per RBG. For
example, N_RB ranges from 2 {o 100 for 20MHz. The third row is N_RBG per
sysf;em bandwidth, i.e., the nuraber of RBGs per system bandwidth for 5, 10, or
20 MHz, and the value of N_RB{ ranges from 1 to 50. The fourth row is the total
number 6f' bits for PMI validation signaling per validation message or grant

channel.
5 MHz 10 MHz 20MHz,
300 600 (subcarriers) 1200 (subcarriers)
A (subcarriers)
N_RB per RBG 2 1-5110(25| 215 110|25(50| 2 } 5 |10|25{50(100
N_RBG 315 131[11125]10/512{1(|50(20]10{4]2] 1
Per band _ .
Total # of bits for PMI G| 25 |15 | 5 |125]50125[10] 5 |250]{100{50|20]|10| 5
signaling per validation I O R I S N O S N )
; message ‘
Assume 12 subcarriers per RB.
N_RB: Number of resource blocks.
N_RBG: Number of frequency blocks for pre-codlng centrol
unit to which assigned RBs belong.
IN_?MI: Number of bits to represent a PMI
Maximum total number of bits per PMI validation message =|
IN_RBG x N_PML
Table 1
[0017] This precoding metrix or antenna weight validation, hereinafter

called "precoding information validation" or "PMI validation", may require up to

250 bits or more per validationimessage. Hence, this scheme is inefficient.

[0018] Therefore, it would be desirable to provide a method and apparatus

to reduce the signaling overhead for PMI validation.



[0019] | SUMMARY
[0020] A method and apparatus for efficient precoding information
validation in a MIMO wireless communications is provided. _
[0021] A wireless transmit/receive unit (WIT'RU) transmits one or multiple
precoding information or precading matrix indices (PMIs) to an eNodeB. In
response, the WTRU receives a validation message (a PMI indicator) from tke
eNodeB including a precoding zonfirmation message indicating whether or net
there is a match to the precoding information reported by the WTRU. It there:s
a match between the precoding information, i.e., the precoding information is
identical, a precoding validation message including a precoding confirmation
' message is received by the WI'RU from the eNodeB to confirm that the precoding
information used at the eNodeB is the same as the precoding information fed
back from the WITRU, Howerer, if there is a mismatch or if the precoding
information fed back from the WTRU is overridden by the eNodeB, the WTRUS
receives a validation message’ including a precoding confirmation/indication
message from the eNodeB to indicate that the eNodeB does not use the precoding
_information fed back from the WTRU.. The WI'RU may also receive a-validation

message including a precoding indication message from the eNodeB to indicate

the precoding information that is being used at the eNodeB. Precoding validation
using a precoding confirmationimessage is used to reduce signaling overhead.
[0022] The eNodeB sends a precoding confirmation message to a WTRU. .
The precoding confirmation message can be carried by a PMI indicator which
indicates the state of the downlink (DL) precoding validation. The PMI indicato:
could be one bit or a bit sequenca representing the precoding confirmation state
or one or several precoding information states for the precoding validation
corresponding to the WIRU preécoding feedback.

[0023] The validation message or PMI indicator using precoding
confirmation may consist of oneor more bits. The PMI indicator helps indicate
the precoding information and state used and therefore helps to reduce overheac

and increase efficiency.



[0024j " BRIEF DESCRIPTION OF THE DRAWINGS
[0025] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example and to

be understood in conjunction with the accompanying drawings, wherein:

[0026] Figure 1A illustrates a precoding matrix or antenna weight
signaling scheme;

[0027] Figure 1B shows-an example block diagram of a transmitter and
receiver configured to implement a precoding matrix transmission; '
[0028] Figure 2 illustrates a first embodiment of a signaling scheme (singie
PMI validation for single PMI feedback);

[0029] Figure 3A illustrates a second embodiment of a signaling scheme for

precoding matrix or antenna weight verification (multiple PMI validation for
multiple PMI feedback);

[0030] Figure 3B illustrates another embodiment of a signaling scheme fcr
single PMI validation for multiple PMI feedback;
[0031] Figures 4-8 illustrate various PMI validation message schemes;

100321 Figure 9 illustraszes.a control signaling scheme with -a -PMI-
validation signaling attached; ' .
[0033] Figure 10 illustr%'ttes a control signaling scheme with a PMI
validation signaling inserted; aad 4

. [0034] Figure 11 shows a wireless communication system with multipl=

Node Bs in communication witk. various WIRUs.

[0035] DETAILED DESCRIPTION

[0036] When referred to Liereafter, the term "WTRU" includes, but is not
limited to, a Wireless Transmit/Receive Unit (WTRU), a mobile station, a fixed oz
mobile subscriber unit, a pager,a cellular telephone, a personal digital assistan;
(PDA), a computer, or any other type of user device capable of operating in =
wireless environment. When referred to hereafter, the term "eNodeB" includes,

but is not limited to, a Node-B, a base station, a site controller, an access point



- (AP), or any other type of interfacing device capable of operating in a wireless
environment.,

' [0037] The term "PMI indicator" is used to refer to an indicator responding
to the feedback signal of or corresponding to the validation state of antenna
weights, PMI, beamforming weights, etc. The PMI indicator may carry a
precoding confirmation message, a precoding indication message, other
precoding—related'messages, or:a combination of them. The precoding indicaticn
message could be a precoding information indication message, a rank overrice
message, a feedback error message, etc., depending on the state of precoding
validation and may indicate rank information or other precoding related
information.

[0038] The methods as described hereafter provide an E-UTRA scheme for
antenna weight, beamforming information, precoding information, or precoding
matrix indication PMI signaling and validation.

[0039] Figure 1B is a block diagram of a transmitter 110 and a receiver 120
configured to perform a method of precoding matrix indication as described

_hereafter. In addition to components included in a typical transmitter/receiver,-

-transmitter 110 comprises a precoding information determiner 114, a precodinz
processor 116, an antenna array 118, and a precoding validation message
generator 136 comprising a precoding confirmation message block 132 and a
precoding indication message block 134. The precoding information determiner
114 is used to determine precoding information based on the received precoding
feedback from the precoding information generator 124 of the receiver 120. The
output of the precoding information determiner 114 is used by fhe precoding
processor 116 and the transmitter 110 when transmitting a data transmission,
for example, orthogonal frequengy division multiplexing (OFDM) symbols, to the
receiver 120. The precoding validation message generator 136 is used to
generate the validation messagesbasedlon the output of the precoding information
determiner 114. The precodimg validation message generator 136 uses the
received precoding f'eedb_ack sigr.al from the precoding information generator 124

and the precoding information generated from the precoding information
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determiner 114 to determine the state of the precoding validation and to generste
the corresponding validation message. For example, if there is a match between
the precoding information generated by the precoding information determiner
114 and the precoding information generatof 124, a validation message including
a precoding confirmation message is sent; otherwise, a validation message
including a precoding indication message is sent.

[0040] The receiver 120 comprises a receiver 128, a precoding in'for_matimn
generator 124, a channel estimator 130, a demodulator/processor 126, and:a
precoding validation message: to precoding information converter 138. The
receiver 120 receives an OFDM: block from the transmitter 110, performs channs=l
estimation by the channel estimator 130, and generates precoding informaticn
using the precoding informaticn generator 124 that is then sent via antennas
127. The receiver 120 also receives the precoding validation message from the
precoding validation message generator 136, detects and decodes the precoding
validation message, and translates the precoding validation message to precoding
information using the precodir,_é.g validation message to precoding information
converter 138. The precoding information at the output.of precoding validation-
mess‘ager to precoding information converter 138 is fed +to the
demodulator/processof 126 for MIIMO data detection, decoding, and processing.
[0041] It is noted that theitransmitter 110 may be located at a WTRU, at a
base station, or both, and the receiver 120 may be located at the WTRU, at the
base station, or both.

[0042] A validation message or a PMI indicator using the precoding
confirmation may consist of a sir:gle bit. For example, the precoding confirmation
or the PMI indicator can carry two possible validation messages using a single
bit. (1) The precoding confirmation message informs the WTRU that the
precoding information used at the eNodeB is exactly the same as the precoding
information fed back from the WTRU. (2) The precoding indication message
informs the WTRU that the precoding information used at the eNodeB is not the
- same as the precoding information fed back from the. WTRU.
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[0043] The precoding validation message or the PMI indicator may also
consist of more than one bit. " Precoding validation messages may carry one
precoding confirmation message and several precoding indication messages. For
example, the precoding validation message or PMI indicator can carry several
possible messages using more than one bit. (1) The precoding confirmaticn
message informs the WTRU thiat the precoding information used at the eNodeB
is exactly the same as the precoding information fed back from the WTRU. (2)
One of several possible precoding indication messages informs the WTRU that
the precoding information used at the eNodeB is not the same as the precoding
information fed back from the WTRU and indicates which precoding information
~ is being used at the eNodeB. _
[0044) The precoding indication message may indicate the kind of
| precoding information used if the WI'RU precoding feedback has an error, is not
reliable, or is overridden by the:eNodeB. Furthermore, the precoding indication
message may indicate which subset of the precoding information is used if the
WTRU's rank information in its precoding feedback is overridden by the eNodeE:.
. [0045] The precoding information or PMI may contain all the information.-
related to MIMO precoding, including rank information. The method as
described reduces the overhead for PMI validation by using an eﬁicieﬁt
validation message that consists of confirmation messages pertaining to the
WTRU’s precoding feedback. A validation message may also include an
indication message. As an example, a Q-bit validation message or PMI indicator
is used. Q can be greater than or equal to one for every PMI indicator. For
| example, if a validation message is either one confirmation message or one
indication message, then Q=1 bit is sufficient. Ifthe validatidn message is either
one confirmation message or ome of the several indication messages, then Q>-.
bits may be used. '
[00486] The confirmation message and indication message can be separately
coded or encoded or jointly coded or encoded. In a separate coding or encoding
scheme, the validation messageimay consist of two parts — a confirmation pars

and an indication pai't. The confirmation part usually uses one bit to carry &
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positive confirmation message or a negative confirmation messége. The
indication part usually uses one or more bits to carry two or more indication
messages, In the confirmationmessage, a positive confirmation message is used
to inform the WTRU that the precoding information used at the eNodeB is
exactly the same as the precoding information fed back from the WIRU. On the
other hand, a negative confirmation message is ﬁsed to inform the WTRU that
the precoding information used at the eNodeB is not the same as the precoding
information fed back from the WTRU. This indicates to the WI'RU that different
precoding information is being used at the eNodeB. The kind of precodirg
information being used at the eNodeB is indicated in the indication part of
validation message. '

[0047] A separate coding message format having confirmation and

indication parts or fields is depicted as follows:

Confirmation Message Indication Message

Validation Message.

[0048] In a joint coding or encoding scheme, the validation message may
-consist.of only one.-part that-combines-confirmation-and-indication messages.

Each validation message can carry either one confirmation message (a positive

conﬁrmatioh message) or one of the possible indication messages. The indication

message in joint coding serveswwo purposes — to provide negative confirmation

and precoding indication at the same time. That is, the indication message is
~ used to inform the WTRU that the precoding information used at the eNodeB is
not the same as the precoding information fed back from the WI'RU and it alse
indicates the precoding informiation being used at the eNodeB. A joint coding
message format having a singlecombined confirmation/indication part or field for

the validation message is depicted as follows:

Confirmation/Indication Messages

Validation Message.
[0049} Separate coding or encoding of confirmation and indication
megsages is simple. In addition; most of the time only the confirmation messagz

or one bit needs to be sent, therefore the efficiency is high. However, the receiver
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has to distinguish between aiconfirmation message and a confirmation ard
indication message because they are of different lengths. This may increase the
detection complexity of the rezeiver. To avoid the issue of different lengthis
between a confirmation message and a confirmation and indication méssage, the
same format may be used regardless of whether the precoding information of the
eNodeB and the WTRU are identical or not. For example, the same format for:a
confirmation and indication message may be used by a confirmation message.
[0050] Furthermore, only one confirmation message and one indication
message may be sent, instead of sending one confirmation message and multiple
indication messages in the case of multiple sub-band precoding. The scheme
using only one confirmation message and one indication message is a wide-band
precoding or non-frequency seleetive precoding, since only one indication message
is sent corresponding to a single: précoding information or matrix that is used at
the eNodeB for all the sub-bands. The scheme using one confirmation message
and multiple indication messages is a niulti—band precoding or frequency
selective precoding, since multiple precoding information is used for multiple suk-
_bands, yszh,exte.,each.v__prec,odingwimformation,.is.nsed. for.one sub-band..

[0051] By using the same format for both the confirmation only messags
and the confirmation and indization messages, and using the non-frequency
selective precoding when the priecoding information used at the eNodeB and the
precoding information fed back from the WTRU are not identical, detectién
complexity at receiver is reduced or avoided. When the precoding information
used at the eNodeB and the precoding information fed back from the WITRU are
identical, multi-band precoding:or frequency selective precoding is used.

[0052] Joint coding combine confirmation and indication messages 'and can
save greater bits per validationimessage. But, every validation message that is
sent contains both confirmation und indication messages, and therefore, there are
a constant number of bits that are sent consistently in a validation message. The
overall efficiency may be lower for joint coding as compared to separate coding,
but joint coding may not increase the detection complexity of the receiver. The

use of confirmation and indicaticn messages for responding to precoding feedbacl:
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using either the separate or joint coding or encoding schemes for precoding
information provides greater efficiency than the straightforward method, as it
uses a very high number of bits.
[0053] As another example, for Q=2 bits, using separate coding for the
conﬁi'mation and indication messages, the confirmation part of the validaticn
message may use one bit and the indication part of the validation message mey
use the other bit. The confirmation part of the validation message with bit, 0 mey
represent the positive confirmation message, and bit 1 may represent the
negative confirmation message. The indication part of the validation message
- with bit 0 and 1 may represent: indication messége 1 and indication message 2,
respectively, which may ‘correspondjngly indicate a precoding information 1 and
precoding information 2.
[0054] For Q=2 bits, using joint coding for the confirmation and indication
messages, a validation message with a bit sequence 00 may represent a
confirmation meséage (a positive confirmation message). A validation message
with a bit sequence 01, 10, or 11 may represent indication message 1, indication
message 2, or indication message 3, respectively, which may. correspondingly
indicate a precoding information 1, precoding information 2, and precoding
information 8. A validation message with the bit sequence 01, 10, or 11
autbmatically represents the negative confirmation message, due to the join:i:
coding or encoding of the confirmation and indication messages.
[0055] Similarly for Q=8 bits, when using separate coding for the
confirmation and indication mésssages, the confirmation part of the validation
message may use one bit and the indication part of the validation message may
- use two bits. The confirmation: part of the validation message with bit 0 may
represent the positive confirmation message and bit 1 may represent the negative
confirmation message. The indication part of the validation message with bits
00-11 may represent indication message number 1 to message‘ number 4,
respectively, that indicates the corresponding precoding information numbers 1.
to 4.
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[0056] Similarly for Q=3 bits, when using joint coding or encoding of the

confirmation and indication messages, a validation message with a bit sequence
000 may represent the positive confirmation message. A validation message with.
a bit sequence 001 to 111 may represent the negative confirmation message and

at the same time represent the indication message number 1 to indicaticn

message number 7, respective.y, whiéh indicates the 'corresponaing precoding

information' number 1 to precoding information number 7,

[0057] The indication message may indicate additional information. For

example, the indication messege may indicate one or more of the following:

which precoding information or matrix is used (this may also include rank

information), how the eNodeBioverrides (e.g., which precoding information cr

matrix subset should be used: when WTRU's rank in precoding feedback is

overridden), or how the eNodel3 handles the case when the WTRU feedback is

erroneous (e.g., use the previously used valid precoding information). According

to what information is indicated, the indication message may have different

types, e.g., a precoding information indication type message, a precoding or rank

override message, a feedback ¢rror message, ete. Accordingly, the validation.
message may have two types:— a confirmation message and an indication

mesgsage as summarized in Table 2A.

Type of Validation Usage
Message . _
Confirmation message Corifirm the same precoding information fed back
‘ frora the WIRU is used at the eNodeB.
Indication message Indicate the precoding information used at the
eNcdeB.
Table 2A
[0058] A validation message may have four types of messages — a

confirmation message, an indication message, an override message, and a

feedback error message as summarized in Table 2B.
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Type of Validation ' Usage

Message .
Confirmation Confirm the same precoding information fed back
message from tne WTRU is used at the eNodeB.
Indication message Indicate the precoding information used at the

eNodeB.

Override message Indica';;e the eNodeB overrides the WTRU's feedback.
If it isa rank override, indicate which precoding

informiation subset should be used.

Feedback error Indicate the WTRU’s feedback is in error.
message ”
Table 2B .
[0059] The method as described above is applicable to any MIMO wireless

communication system and is applicable to the uplink (UL) and the downlink
(DL). .
[0060] In general there can be one confirmation message, M1 indication

(indicating different override rules for precoding), and M3 feedback error
messages (indicating different precoding rules to handle feedback error). The
total number of bits to represerit the validation message is logz (1 +M1 + M2 -+
M3). ‘

[0061] Joint coding may:be performed for the precoding confirmation
message, precoding information, or indication messages which may or may not
include rank.informa_ttion. In addition, joint coding may also be performed for
rank override messages, feedback error messages, or other MIMO related
information and messages if used.

[0062] An implementatior: of the above scheme using either a single bit or
more bits is described as follows. When there is a match between the PMls, i.e.
the PMIs are identical, only -a PMI indicator is received by the WTRU .
Alternatively, a PMI indicator with the PMI of the eNodeB can also be received
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by the WITRU. However, if there is a mismatch between the PMIs or if the PMIs
of the WITRU are overridden, the WTRU receives a PMI indicator with the PMI of
the eNodeB. In this example, the PMI indicator is a precoding confirmation field
and the PMI is a precoding intication field.
[0063] A plurality of PMis may be sent simultaneously, and the PMIs may
be partitioned into a plurality of groups. "
[0064] Figure 2 depicts a signaling scheme in accordance with another
embodiment. A WIRU or a receiver 211 transmits a PMI or antenna weights to
an eNodeB or transmitter 213;:denoted as PMI_j (having Y bits) 215. To inform
the WI'RU 211 of the currentlyiused precoding matrix or antenna weights at the
eNodeB 213, the eNodeB 213 sends a validation message back to the WIRU 211,
denoted as PMI_k (Y bits) 217! When the eNodeB 213 and the WTRU 211 use
- the same precoding matrix or antenna Wéights, the eNodeB 213 sends only a PMI
indicator, PMI_IND (one bit) 217, indicating that the precoding matrix or the
antenna weights are identical; instead of sending the entire PMI or antenna
‘weights bits. The feedback error is usually small, typically 1%. Most of the time,
weights. Therefore, most of the time, the one bit PMI indicator (positive
confirmation or negative confirimation messages) is sent. .
[0065] This signaling scheme significantly reduces the signaling overhead
and is summarized as follows. When the PMI indicator, the PMI, or the antenna
weight indicator is set at 1, it indicates a negative confirmation message and that
the PMI or antenna weights used at the eNodeB and the WTRU are not identical.
This usually occurs in the event of a feedback error or if the eNodeB overrides
the WTRU's feedback.
[0066] When the PMI indicator, the PMI, or the antenna weight indicato:
is set at 0, it indicates a positive confirmation message and that the PMI or
~ antenna weights used at the eNodeB and the WTRU are identicél. This usually
occurs in the event of no feedback error and if the eNodeB does not override the
WTRU's feedback. This scheme is summarized in Tables 3A and 3B. The PMI
indicator is denoted by PMI_IND.
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REPLACEMENT SHEET

PMI_IND Si_:ate. Usage
0 Confirmation ‘ Confirm the eNodeB to use the
(or positive confirm) precoding information fed back frora
the WTRU.
1 Not confirm The eNodeB uses different precodiﬁg
(or negative confirm) information than those fed back
from the WTRU. This is usually du=
to a feedback error or an eNodeB
override. This could also be due to
other factors.
Table 3A; PMI indicator using 1 bit.
PMI_IND Message Usage
0 Positive confitmation Confirm to use PMI_n fed back froin the
message WTRU.
41 |- Negative confirmation - -Send-single PMI:-Send PMI-m whichig 7}
message a precoding matrix used at the eNdédeB
for all the sub-bands or RBGs, i.e., the
same gingle precoding matrix is used for
entire system bandwidth. |
Table 3B Non-Freguency Sielective Precoding (for non-frequency selective
feedbask or single PMI feedback)
[0067] The PMI indicator: may also be used to indicate the beamforming

matrix/matrices or vectors, antenna weights, and any other matrix, vector, or

weights when applicable, Other notations for the PMI indicator other than
PMI_IND may also be used. The bit assignment for the PMI_IND is arbitrary

‘and any other values than '

[0068]

1' arid '0' may be used for the PMI indicator.

Figure 3A shows:a signaling scheme for precoding matrix o

-antenna weight validation in:accordance with another embodiment. This

embodiment is for an efficient signaling for multiple PMI validation o
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verification. This embodiment is for the case of a frequency selective channel.
For example, the entire systera bandwidth may be divided into multiple sub-
bands (or RBGs) and one PMI may be reported for each sub-band when there are
multiple PMIs to be reported Jor the entire bandwidth. In this embodiment,
there can be N PMIs for reporting.

[0069] A WTRU or receiver 311 transmits precoding matrix indices or
antenna weight information 315 to an eNodeB or transmitter 313, denoted &s
PMI_j1, PML_j2, ..., PMI_jN. 'To inform the WIRU 311 of the currently used
precoding matrices or antenna sweights at the eNodeB 313, the eNodeB 313 sencs
a validation message 317 back to the WTRU 311, denoted as PMI_k1, PMI_k2,
..., PMI_KN which corresponds to precoding feedback PMI_j1, PMI_j2, ..., PMI_jiN
respectively. ’

[0070] When the eNodeBi313 and the WTRU 311 use the same precoding
matrices or same sets of antenna weights for all the sub-bands, (i.e., PMI_j1=
PMI_k1, PMI_j2= PMI_k2, ..., PMI_jN=PMI_kN), the eNodeB 313 sends only a
PMI indicator (1 bit) indicating:that the PMIs are identical, instead of sending ail
the PMIs or all sets of antenna weights bits back to_the. WTRU 311. . The -
feedback error is usually small; typically 1%. Most of the time, the eNodeB 313

and the WTRU 311 use the same precoding matrices or antenna weights.

[0071] Incase of no feedbiack error and no override, the eNodeB 313 seﬁdJs
only the PMI_IND to the WIRLf 311. In case of a feedback error or precoding or
rank override, the eNodeB &13 sends the PMI_IND and the precodingz
inférmation to the WIRU 311. Depending on whether frequency selectiva
precoding is used or not, the eNodeB 313 sends a different amount of precoding
information to the WI'RU 311. For example, if frequency selective precoding is
used at the eNodeB 313, the' eNndeB sends the PMI_IND and PMI_k1, PMI_k2,.
...y PMI_KN to the WTRU 311, where PMI_k1, PMI_k2, ..., PMI_kN represent M
precoding matrices for N sub-bands or RBGs. If non-frequency selectiva
precoding is used at the eNodé¢B 313, the eNodeB sends the PMI_IND and a

. single precoding information PMI_m, where PMI_m is a precoding matrix used
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for all the sub-bands or RBGs. That is, the same precoding matrix is used for all

sub-bands or RBGs. This schere is summarized in Tables 4 and 5, respectively.

PMI_IND Message Usage
0 Positive " Confirm to use PMI _j1, PMIL_j2, ..., PMI __J‘\I |
confirmation fed back from the WTRU.
message
1 Negative i Send N PMIs. (Send PMI_k1,
| confirmation PMI_k2,.... PMI_kN.)
méssage N precoding matrices are used for N sub-
bands.

Table 4: Frequency Selective Precoding when positive and negative confirmation
(for frequency selective fzedback or multiple PMIs feedback)

PMI_IND Message Usage
0 , ‘Positive confirmation | Confirm to use PMI j1, PMIL_j2, ..., PMI_jN
message fed back from the WTRU.
1 Negative Send a single PML. Send PMI_m which is
-{-confirmation- - “I-a precoding matrix-used at the eNodeB for |
message all the sub-bands or RBGs, i.e., the.same
single precoding matrix is used for the
entire system bandwidth.

Table 5: Frequency Selective Precoding when Positive Confirmation and Non-
Frequency Selective Precoding-when Negative Confirmation (for frequency
selective feedback or multiple PMIs feedback)

[0072] Figure 3B shows:a signaling scheme for precoding matrix or
antenna weight validation in.accordance with another embodiment. This
embodiment is for an efficien: signaling for multiple PMI feedback and a-
validation message including a single precoding indication message. AWTRU or
receiver 311 transmits precoding matrix indices or antenna weight information
316 to an eNodeB or transmitter 313, denoted as PMI_j1, PMI j2, ..., PMI_jN. To
inform the WTRU 311 of the currently used precoding matrices or antenna
weights at the eNodeB 313, theeNodeB sends a validation message 318 back to
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the WTRU 311, denoted as PMI_IND + PMI_k, which responds to precoding
feedback PMI_j1, PMI_j2,...,PMI_jN. This is used when there is multiple PMI
feedback and a validation message with a single PMI indication message is used.
[0073] When the eNodeB 313 and the WTRU 311 use the same precoding
matrices or same sets of antenna weights, the eNodeB 318 sends a confirmation
message indicating that the PMIs are identical, instead of sending all the PM's
or all sets of antenna weights bits back to the WIRU 311. Otherwise, tke
eNodeB 3183 sends an indication message to the WIRU 311 indicating that the
PMIs are not identical. If separate coding is used, PMI_IND and PMI are sent, in
which the PMI_IND serves as a positive or negative confirmation message and
~ the PMI serves as the indication message. In this case, PMI_IND is one bit and
PMI is at least one bit. If jointicoding is used, the PMI_IND contains the PMI,
and the PMI_IND serves as both a positive or negative confirmation message and

an indication message. In this case, PMI_IND is at least one bit.

[0074] The validation message format with two fields can be depicted as
follows: ”

Validation Message Format 1

[0075] For a validation ressage using joint coding of confirmation and
indication messages, the validsation message format with a single field can be
depicted as follows:

PMI_IND
Validation Message Format 2 ’
[0076] In validation message format 2, the single PMI_IND field contains
the combined information of the¢ PMI_IND and the PMI as in validation messags

format 1.

{00771 Another implementation is to use a default precoding messags
instead of sending an indication: message or PMIs. The signaling can be done in
another way, wherein there is no feedback error and no override. The eNodel3
sends only the PMI_IND (positive confirmation message) to the WI'RU, in which
the PMI_IND confirms that the:zNodeB uses the same precoding information fed
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back from the WI'RU. In the case of feedback error or PMI override, the eNodeB
sends the PMI__IND (negative confirmation message) to the WI'RU, in which the
PMI_IND informs the WIRU to use the default or pre-determined precoding |
indication message or informatzon. Therefore, only the PMI_IND containing the
confirmation message is sent, while the indication message or PMI(s) are not sent

in any case. This scheme is summarized in Table 6.

PMI_IND Message Usage
0 Positive [ Use precoding information fed back from the
confirmation | WIRU.
1 Negative . Use the default or predetermined precoding
confirmation indication message or information.

Table 6: Negative confirmation using default precoding indication message. '

[0078] The confirmation state for the PMI_IND as positive and negativeis
arbitrary and any other values:than positive and negative may be used for the
PMI indicator. A
[0079] As described earlier, the signaling overhead for the PMI validatioa
or veriﬁcétioh m;ay réquire up t® 250 bits or more per validation signaling in thee
case of multiple RBGs and multiple PMIs each time PMI validation messages are
sent. Therefore, the signaling secheme using the precoding confirmation message
as described saves a significant: amount of signaling overhead.
[0080] The downlink PMi indicator signaling scheme in accordance with
another embodiment is summarized as follows, When the PMI_IND (the PMI or
antenna weight indicator) is set at 1, it indicates a negative confirmation
message and that at least one of a plurality of PMIs used at the eNodeB 318 anid
. the WTRU 311 are not identicél. This usually occurs in the event of feedback
errors or when the eNodeB 313:overrides the WTRU‘S 311 feedback. All PMIs
are sent following the PMI_IND (1 bit) as shown in Figure 4. In Figure 4, the
first element is PMI_IND 411 followed by individual PMIs 413(a) to 413(n).
[0081] When the PMI_IND (the PMI or antenna weight indicator) is set at

0, it indicates a positive confirmation message and that all of the PMIs used at
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the eNodeB 313 and the WTR%U 311 are identical. This usually occurs in the
event of no feedback error and the eNodeB 313 does not override the WTRU's
feedback. PMIs are not sent, kut only the PMI_IND (one bit) 411 is sent.
[0082] In accordance with another embodiment, PMIs are partitioned invo
groups, for example, G groups.: As shown in Figure 5, each group has one bit %o
“indicate whether the precoding:matrices or antenna weights are the same for the
eNodeB 313 and the WIRU 3.1. Such signaling can be implemented to have
either Q bits in one indicator oriQ PMI indicators each of which has one bit. PMI
indicators, PMI_IND(1) 511, PMI_IND(2) 513, ..., and PMI_IND(G) 51g, may ke
spread over the validation mesusages as shown in Figure 5. ,
[0083] An alternate mode of grouping can be seen in Figure 6, wherein the
PMI indicators (611, 613, and 61g), PMI_IND(1), PMI_IND(2), ..., and
PMI_IND(G), may be grouped in the front portion of the validation message as
shown in Figure 6.
[0084] - The signaling mechanism in accordance with PMI indicatons
(PMI_IND(g), g=1,2,...,G) for group PMIs, is summarized as follows. When the
PML_IND (the PMI or antennaweight indicator) for a group of WIRUs is set £t
1,it indicates a negative confirmation message and that at least one of the PMIs
belonging to that group that are used at the eNodeB 313 and the WTRU 311 are
notidentical. This usually occurs in the event of feedback errors or if the eNodeB3
overrides the WTRU's feedback for that PMI group. If PMI_IND (g) = 1,
indicating a negative confirmation message for the gtk group, then all the PMIs
belonging to the gt group are.sent following the PMI_IND (g) that is set to 1.
For example, in Figure 5, if any of PMI_1, PMI_2, and PMI_3 are not the sams=
for the eNodeB and the WTRU, then PMI_IND(1), PMI_1, PMI_2, and PMI_3 ar=
sent by the eNodeB.
[0085] When the PMI_IND, the PMI, or the antenna weight indicator for a
group of WTRUs is set at 0, it indicates a positive confirmation message and that
all of the PMIs belonging to thiat group that are used at the eNodeB and the
| WTRU are identical. This usually occurs in the event of no feedback error or if
the eNodeB does not override the WIRU's feedback. If PMI_IND(g) = 0,
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indicating a positive confirmation message for the gth group, then PMIs belonging
to the g group are not sent, biit only the PMI indicator for the gt group is sent. _
The sent PMI__IND(g) is set tv 0. For example, in Figure 5, if all of PMI_1,

PMI_5, and PML_6 are the same for the eNodeB and the WTRU, only the 1-bit

PMI_IND(2) is sent by the eNodeB. Alternatively, the fields reserved for the

unsent PMIs can be used for sending other information or data. This increases

the information or data throughput and spectrum efficiency. For example, tke

fields reserved for PMI_4, PMI 5, and PMI_6 can be used for sending other

information or data. .

[0086] A special case for group PMI indicator signaling is when each group

has only one PMI, i.e., G=N. In#hisimplementation, each group has exactly one

PMI. This scheme is illustrated in Figure 7. An increase in the groups (G) may

increase the signaling efficiency because only a few PMIs which are not identical

need to be signaled. ,

[0087] In ggneral, the PMI_IND can represent the messages or states that

consist of a bit sequence. For example, the PMI__IND can represent the precoding

confirmation message or state, precoding information message 1 or state-1,
precoding information message 2 or state 2, and so on. This scheme is

summarized in Table 7A. A similar scheme in case of an override scheme is

shown in Table 7B.

PMI_IND Message (state: Usage

000 Precoding ) Confirm that the eNodeB uses the
confirmation messsagé precoding information fed back from the

WTRU. ’

001 Precoding Inform the WTRU to use precoding
information matrix 1.
message#1

010 - Precoding ) Inform the WTRU to use precoding
information 1 matrix 2

message#2
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110

Precoding Inform the WTRU to use precoding
information matrix 6
message#6

111 Precoding Inform the WTRU to use precoding
information message | matrix 7. ‘
#7

Table 7A

PMI_IND Message Usage

000 Precoding Confirm that the eNodeB uses the
confirmation mesaage | precoding information fed back from the:

WTRU.
001 Precoding Inform the WTRU to use precoding
| information matrix 1.
messagel
-110- - ~-~R-ank«-~information- _ {-Inform-the WTRU to use precoding sub=—

override messages#l matrix 1 : .

111 Rank information Inform the WTRU to use precoding sub-
override message#2 matrix 2

Table 7B. With rank override
[0088] As an example, codebook (1) ;Jsing the above scheme has four

precoding vectors for rank 1 and two precoding matrices for rank 2. There are six

precoding matrices/vectors in total in codebook (1) as shown in Table 8.

Rznk 1 | Rank 2
C1 CH
Cs Ce
C4
Takble 8: Codebook (1)
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[0089]

A corresponding: PMI confirmation and indication scheme to

codebook 1, when the rank is jointly indicated, can be seen in Table 9A.

PMI_IND Message _ Usage
000 Precoding confirniation | Confirm that the eNodeB uses the
message precoding ihformation fed back from
the WTRU.
001 Precoding informaztion or | Inform the WTRU to use precoding

indication message#1

matrix C1.

101 Precoding information or | Inform the WTRU to use precoding
indication message#5 matrix C5. | '
110 Precoding information or Inform the WTRU to use precoding
indication messaga#6 matrix C6.
111 Reserved - Reserved or used for other purposes. '
Table 9A: PMI confirmation and indication scheme
[0090] Another scheme for codebook (1) using the above scheme, whén the

" rankis jointly indicated and a rank override is indicated, uses the corresponding

PMI confirmation and indication scheme table for rank 1, as shown in Table 9E.

PMI_IND Message Usage
000 Precoding con_ﬁrm:‘iation Confirm that the eNodeB uses the
message precoding information fed back from
_ the WTRU.
001 Precoding informasion - 1 Tnform the WTRU to use precoding
or indication message#1 | matrix C1.
010 Precoding informasion | Inform the WTRU to use precoding ]

or indication message#2

matrix C2.
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110 Precoding information | Inform the WIRU to use precoding
or indication message#6 | matrix C6.

111 Rank informatior Inform the WTRU to use the precoding
override message - matrix subset of a higher rank

precoding matrix.
Table 9B: Joint Coding for Precoding Confirmation, Indication and Raﬁk
Override Messages '
[0091] A PMI_IND = 111 as used in Table 9B indicates that the eNodeB

informs the WTRU to use the precoding matrix subset of a higher rank precoding

matrix. For example, a rank 2precoding matrix consists of two column vectors

and a rank 1 precoding matrix i3 a precoding vector. When the rank information ’

is overridden from rank 2 to rawk 1, either the first or the second column vector of

the rank 2 matrix can be indiczted to be used.

[0092]

Another scheme for codebook (1) using the above scheme, when the

. rank is separately indicated, isito use the corresponding PMI confirmation and

indication scheme table for rank 1, as shown in Table 10A.

T PMI_IND" Message Usage

000 Precoding confirmation | Confirm that the eNodeB uses the

message precoding information fed back from
the WTRU.

001 Precoding information | Inform the WTRU to use precoding
or indication message#1 | matrix C1.

010 Precoding information | Inform the UTRU to use precoding
or indication message#2 | matrix C2.

011 Precoding informazion | Inform the WIRU to use precoding
or indication message#3 | matrix C3. '

100 Precoding informasion | Inform the WTRU to use precoding
or indication message#4 | matrix C4.

101-111 Reserved Reserved or used for other purposes.

Table 10A: PMI confirmation and indication scheme for Rank 1 with respect to
Codebook (1). ‘
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[0093] Forrank 2, corresponding to codebook (1), the PMI confirmation and

indication scheme table, whenthe rank is separately indicated, can be as shown
in Table 10B.

PMI_IND Message ) Usage
00 Precoding confirmation | Confirm that the eNodeB uses the
message precoding information fed back from
the WTRU,
01 Precoding informstion | Inform the WTRU to use precoding |

or indication message#1 matrix C5.

10 Precoding information | Inform the WTRU to use precoding

or indication message#2 | matrix C6.

11 Reserved Reserved or used for other purposes.

Table 10B — PMI confirmation and indication scheme for Rank 2 with respect to
Codebook (1),

[0094] As an example, cocebook (2) has sixteen precoding vectors for rank 1

ana sixteen precoding matrices for rank 2, 3, and 4. There are sixty four
precoding matrices/vectors in total in codebook 2 as shown in Table 11. The ranik
1 precoding matrix is a columnivector and includes precoding matrices C1-C16.
The rank 2 precoding matrix: consists of two column vectors and includes
precoding matrices C17-C32. The rank 3 precoding matrix consists of thre=
column vectors and includes matrices C33-C48. The rank 4 precoding matrix
consists of four column vectors and includes matrices C49-C64. The precoding
matrix for a lower rank is a subeet of the precoding matrix in a higher rank. For
instance, C1 is a subset of C17, which is a subset of C33, which is a subset of C4¢,

Rank1l | Rank 2 | Rank3 | Rank 4
C1 317 C33 | cC49
C2 C18 C34 C50
C3 c19 C35 Cs1
C1 020 C36 C52
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[0095]

c5 | c21 C37 C53
c6 | C22 C3s C54
c7 €23 C39 C55
c8 C24 C40 C56
C9 'C25 C4al | Cb7
C10 C26 C42 C58
Cc11 | c27 C43 C59
Ciz2 | C28 C44 C60
C13 ‘C29 C45 C61
Cl4 C30 C46 C62
C15 €31 C47 C63
C16 €32 C48 C64

Table 11: Codebook 2
A corresponding table for the PMI confirmation and indication

scheme for Codebook (2) can be:as shown in Table 12A.

-\~ PMIZIND- ~Message- Ussge

0000000 Precoding confirmation Confirm that the eNodeB uses the precoding
message information fed back from the WTRU.

0000001 Precoding.feedbadk error | Inform the WIRU to use precoding matrix X.
message '

0000010 Precoding information Inform the WTRU to use precoding matrix Y.
override message

0000011 — | Precoding informazion or | Inform the WTRU to use precoding matrix C1

0010010 indication message#1 - 64 | to C64, respectively.

0010011 — Réserve‘d Reserved or used for other purposes.

1111111

Table 12A: Joint Coding for Pre'éoding Confirmation, Indication, Feedback Error
and Override Messages.
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[0096]

A corresponding:table for the PMI confirmation and indication

scheme with rank overriding for Codebook (2) can be as shown in Table 12B.

torank 1

PMI_IND Messévge Usage
0000000 Precoding ' Confirm that the eNodeB uses the »recoding
confirmation message | information fed back from the WTERU.
0000001 Precoding feedback Inform the WTRU to use precoding:matrix
error message X.
0000010 | Precoding information Inform the WTRU to use precoding}matrix
_ override mess#age 1Y.
0000011 ~ Precoding information | Inform the WTRU to use precodingi-matrix
0010010 or indication message | C1 to C64, respectively.
1-64
0010011 — Rank information Inform the WTRU to use four precoding
0010110 override fromrank 4 | matrix subsets respectively.
| torank 3 ,
0000111 — Rank information Inform the WTRU to use sif: precoding
-1-0011100 | override fromrank4 |-matrix subsets Tespectively:
_ to rank 2
0011101 — Rank inf‘ormaﬁon_ Inform the WTRU to use four precoéiing
0100000 override fromrank 4 | matrix subsets respectively.
torank 1
0100001 — | Rank informarion Inform the WTRU to use three precoding
0100010 override from:tank 8 | matrix subsets respectively.
to rank 2
0100100 —~ Rank information Inform the WTRU to use three precéding
0100110 override from rank 3 matrix subsets respectively.
torank 1 V
0100111 — Rank information Inform the WTRU to use two precoding
0101000 override fromank 2 | matrix subsets (select the first or the second

| column vector) respectively.
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0101001 — Reserved » Reserved or used for other purposes.
1111111

Table 12B: Joint Coding for Precoding Confirmation, Indication, Rank Override
and ¥Feedback Error Messages

{00971 To save the signaling overhead, one of the precoding matrices can be

removed from the codebook (2). As an example, if C64 or one of the other

matrices is removed, then the scheme reduces to the scheme as shown in Table

12C.

PMI_IND | " State Usage
000000 Precoding corfirmation message Confirm that the eNoGeB uses
the precoding information fed
back from the WI'RU.
000001 — Precoding infermation or indication | Inform the WTRU to use
111111 message 1 - 64 precoding matrix C1 to C63,
‘ respectively.
Table12C: Modified Joint Coding for Precoding Confirmation and Indication
_ ' © Messages.
[0098] When each grouprhas only one PMI (the PMI or antenna weight

indicator) and the PMI_IND is set at (n) = 1, it indicates that the n*» PMI that is
used at the eNodeB and the WIRU are not identical. This usually occurs in the
event of feedback errors or if the: eNodeB overrides the WTRU's feedback. The nth
PMI is sent. For example, in Figure 8, if PMI _n is not the same for the eNodeB
and the WTRU, PMI_IND(n) anid PMI_n are sent by the eNodeB. This increases
signaling efficiency. ‘
{0099] When each grouprhas only one PMI (the PMI or antenna weight
indicator) and the PMI_IND is set at n =0, it indicates that the nt PMIs that are
used at the eNodeB and if the WTRU are identical. This usually occurs in th2
event of no feedback error ang if the eNodeB does not override the WIRU's

feedback. The ntt PMI is not sent, but only the PMI_IND for the nth PMI, i.e.,
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PMI_IND(n) is sent. For exaraple, in Figure 8, if PMI_n is the same for tke
eNodeB and the WTRU, only the 1-bit PMI_IND(n) is sent by the eNodeB.
100100] A PMI indicator may be sent along with, attached to, or embedded
in the existing control signaling. Figure 9 shows that PMI validation signaling s
attached to a control signaling.:g%Figure 10 shows that PMI validation signaling is
inserted in a control signaling: Alternatively, the PMI indicator may be sent
using a separate signaling or aistand alone signaling.

[00101] The PMI validation messages may be signaled to the WITRU via
control signaling or a dedicated reference signal (RS), Alternatively, part of the
validation message may be sent via control signaling and part of the validation
message may be sent via a <edicated reference signal. For example, the
precoding confirmation part may be sent via control signaling and the precoding
indication part may be sent via dedicated reference signal. The PMI indicator
signaling may be applied to both the control signaling and the dedicated
reference signal and be used to reduce the amount of control signaling overhea‘d
or dedicated RS overhead. When dedicated reference signals are used to send the
_PMI validation messages, several forms for dedicated reference signals-may be-
used, such as precoded pilots. The use of the PMI indicator to reduce dedicated

RS is described as follows.

[00102] New downlink PIMI indicator signaling for dedicated féfefenc_e_

signal |
[00103] When the PMI_IND is set to 1 (a negative confirmation message), it
indicates that at least one of the multiple PMIs used at the eNodeB and the
"WTRU are not identical. v'I‘his wsually occurs in the event of feedback errors or if
the eNodeB overrides the WTRJ's feedback. All dedicated reference signals thet
carry PMlIs are sent by the eNodeB. The PMI_IND is set to 1 and is also sent by
the eNodeB.

[00104] When the PMI_IND is set to 0 (a positive confirmation méssage), it
indicates that all of the multipie PMIs used at the eNodeB and the WIRU are

identical. This usually occurs ir. the event of no feedback error and if the eNode:3
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does not override the WTRU's feedback. All dedicated reference signals that
carry PMIs are not sent by the éNodeB, but only the 1-bit PMI_IND that is set to
. 01is sent by the eNodeB.
[00105] Most of the time, all of the multiple PMIs used at the eNodeB and
the WTRU are identical and detéi_icated reference signals are not transmitted, but
only the 1-bit PMI_IND that iz set to 0 is sent by the eNodeB. Therefore, this
signaling scheme significantly reduces the overhead of dedicated reference
signals. ‘ |
[00106] PMI indicator signaling may be applied to both single user (SU)
MIMO and multi-user (MU) MIMO for reduced signaling overhead. In SU-
MIMO, only the PMI indicatorifor one WTRU is sent by the eNodeB in a sub-
band or a frequency and time resource. In MU-MIMO, multiple PMI indicators
for multiple WI'RUs that share the same sub-band or the same frequency and
time resource are sent by the elNodeB. It is, therefore, a simple extension from
SU-MIMO. ‘
[00107] In MU-MIMO, it is assumed that K WTRUs exist. An eNodeB sends
_multiple PMI validation signals each of which has one or multiple PMIs foreach
WTRU (WTRU 1, WTRU 2, ..., WTRU K). The eNodeB sends multiple PMI
indicators to the WTRUS.' Each WTRU receives one PMI indicator if no group
PMI is used as shown in Figure4, or multiple PMI indicators if group PMIs ar2
used for the WITRU as shown in Figures 5-8. .
{00108] In the case that the PMIs are the same at the eNodeB and the ktt
WTRU, the eNodeB sends a 1-bit PMI indicator to the k" WITRU. In case that
the PMIs are not the same for the eNodeB and the kth WTRU, the eNodeB sends
the PMI indicator denoted by PMI_IND® and PMIs denoted by PMI® of the kta
WTRU to the ktr WTRU.
[00109] For example, if the PMIs are not the same for the eNodeB and the
first WTRU, but the same for ail other WITRUs, then the 1-bit PMI_IND® and
PMI® are sent to the first WIEU by the eNodeB and the 1-bit PMI_IND® for
k=2.3,...,K are sent to all othersWTRUs by the eNodeB. Alternatively in MU-
MIMO, the eNodeB sends multiple PMI indicators, each for one group of WTRUs.
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The eNodeB may also send onz PMI indicator for all WTRUs. For MU-MIMO®,
the precoding schemes and usage can be generalized as described earlier.

- [00110] For two users simultaneously supported in the same RB or RBG, it
is assumed there is one stream per user, ie.,, each WIRU sees a rank 1
transmission for itself. Furthes suppose there é.re eight beamforming vectors C1,
C2, ..., C8 in the beamforminj; codebook. Table 13 describes this scheme: If
PMI_IND =0 (a positive confiirmation message), it indicates that the eNodeB
confirms that the WTRU's feedback is used at the eNodeB (Caesired). A 3-bit PMI
indicates seven possible interféring beamforming vectors of the other user, C;,
j=1,2,...,8 and C; # Cdesirea. Onebit combination (111)isreserved. IF PMI_IND =
1, it indicates that the eNodeB will not use the WTRU's feedback and a different
beamforming vector will be used. A 3-bit PMI indicates eight possible
beamforming vectors (C;, j=1,2,...,8) for the desired user. There is no separate
indication for an interfering beamforming vector unless the signaling overhead is

allowed to increase.

PMI_IND PMI
(1 bit) (3 bits)
{(Confirmation-{ (Iridication Messages)
Message)
0 _ 000 — 110 G,
for j=1,2,...,8, and
Cj # Caesired
111 Reserved
1 000 ' C1
001 C2
01¢ C3
011 ' C4
100 - C5
101 - Cé6
110 | C17
111 C8

Table 13: Separate Coding for Confirmation and Indication Messages
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[00111] Another option igithe use of a default beamforming vector for the
desired user when the PMI_IND is 1 (a negative confirmation message) and use a
3-bit PMI to indicate seven possible interfering vectors similar to the case when
PMI_IND = 0.

[00112] Similarly, for a four user MU-MIMO and rank 1 per user, a scheme
is described in table 14. '

PMI_IND PMI
(1 bit) 4 (6 bits)
0 000000 - 100010 35 combinations

G;, Gy, Cr,
fori, j, k=1,2,..,8,i<j<k
and G, Cj, Cx # Caesired

100011 - 111111 reserved
1 000 - 111 C,i=12,...,8
(First 8 bits indicate the

“desired beamforming |

vectbor)
000 - 111 " 8 combinations
(Last 3 bits indicate the (Ci, Cj, C,
interferensce vector fori, j, k=1,2,...,8, i<j<k
combinations) and G;, Cj Cx # Caesired

Table 14: Separate Coding “or Confirmation and Indication Messages

[00113] If some kind of restriction is imposed, the number of vector
combinations can be reduced and thus the number of bits can be reduéed. For
example, if the rule indicates that only certain combinations are allowed, fo:
instance C1, C2, C3, C4 can be combined together as a group, and C5, C6, C7, C8
can be combined together as agroup. But the group C1, C2, C3, C4 cannot be
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combined with the group C5, C3, C7, C8. For example, C1 can be combined with
C2, C3, or C4 but cannot be combined with C5, C6, C7, or C8. Combinaticn
restriction requirements may be rules to meet unitary properties or a unitary
beamforming requirement.

[00114] As an example, agsume that C1 is the beamforming vector for tke
desired user and that the restriction rule is used. The vector combinations can ke
reduced to seven combinations: For two users, only combinations [C1, C2], [C1,
C3], and {C1, C4] are allowed. .For three users only [C1, C2, C3], [C1, C2, C4],
and [C1, C3, C4] are allowed. For four users only [C1, C2, C3, C4] is allowed.

Table 15 summarizes this particular scheme with restrictions:

Two WIRUs S1=(C1, C2), S2=(C1, C3), S3=(C1, C4)

Three WITRUs 84=(C1, C2, C3), 85=(C1, C2, C4), $6=(C1, C3, C4)

Four WIRUs S7=(C1, 9, C3,C4)

Table 15: Beamforming Vector Combinations (Assuming C1 is the Desxred
Vector)

[00115]  ~Similar tables canibe built for different beamforming vectors other

than C1 used for the desired:- user. The PMI confirmation and indication
messages can be jointly coded:and the corresponding PMI confirmation and
indication scheme can be the following., If PMI_IND = 000, confirm the WTRU*S
feedback. If PMI_IND=001, inform the WTRU that C2 is the interfering
beamforming vector. If PMIZIND=010, inform the WIRU that C3 is ths
interfering beamforming vector, and so on as shown in Table 16. If
PMI_IND=111, inform the WTRU that C2, C3, and C4 are the interfering

beamforming vectors.
PMI_IND Messages or States
(Conﬁrmatwn/lndlcanon Messages) R
000 Confirm
001 C2
010 T C3
011 ' C4 N
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100 Cz,C3
101 | C2, C4
110 - Cs, C4
111 - C2, C3, C4

Table 16: Joint Coding for Preéoding Confirmation and Indication Messages

[00116] = Another alternative is to have PMI_IND=000 as the confirmation
message and PMI_IND=001-111 as the indication messages to indicate the seven
possible desired vectors. The:seven vectors or matrices are selected or pre-
selected from C1-C8. Similar:tables can be built for different beamforming
vectors other than C1 for a desired user.

(00117} Joint coding may be performed for the precoding confirmation
message, the pfeéoding information, or the indication niessages, which may or
may not include rank information. In addition, joint coding may also be
performed for the rank overridemmessages, the feedback error messages, or other
MIMO related information and:messages. |
-[00118]} Figure 11-shows a wireless-communication-system-with-multiple
eNodeBs 1113 implementing th2 embodiments as described. Each eNodeB 1113
provides communication coverdge for a particular geographic area commonly
referred to as cells and shown as idealized hexagons. The term "cell" can refers
to its coverage area depending; on the context in which the term is used. T
improve system capacity, an ¢NodeB coverage area may be partitioned into
multiple smaller areas, e.g., three smaller areas. WIRUs 1111 may be dispersed

throughout the coverage area.
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[00119] EMBODIMENTS'

1. A method for reducing signaling overhead for a Wireless
Transmit/Receive Unit (WTRTJ), in a multiple-input multiple-output MIMO
wireless communications by using precoding confirmation and precoding
information or indication in the form of a validation message, the method
comprising:

using the validation message to indicate the kind of precoding information
used at an evolved Node B (eNodeB) wherein the validation message comprises of
at least one bit;

the vah'dation message pravides precoding confirmation message and
indication message and validation message could be composed of one
confirmation message and oneindication message using separate coding;

validation message could also be a single message that indicates
confirmation, information, override or error message using joint coding; and

- indication fnessage canbea precoding information indication message or
rank override message or a feedback error message or a combination and can
indicate precoding information:for single user SU-MIMO and can also.indicate.
desired precoding information, interfering precoding information or both for
niulti user MU-MIMO. |

2'. The niethod of emnodiment 1, wherein the precoding information
may also contain precoding raatrices or ranks or other precoding relateid
information or a combination of all.

3.  The method of embediment 1, wherein the validation messagp
comprises of at least two of a confirmation message and an indication message, a
feedback error message and anoverride error message. |

4. The method of embodiment 1, wherein the precoding confirmation
and indication messages (validation message) can be separately encoded or
jointly encoded. '

5. The method of embodiment 1, wherein when the validation messags
is separately coded or encoded, the validation message itself consists of two parts:

a confirmation part and an indization part.
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6. The method of emibodiment 5, wherein the confirmation part uses
one bit or a plurality of bits:to carry a positive confirmation message or a
negative. confirmation message. '

7. The method of embodiment 6, wherein a positive confirmaticn
message is used to inform the WTRU that précoding,information used at eNodeB
is exactly the same as the precoding information fed back from the WTRU.

8. The method of erabodiment 6, Wherem a negative confirmation
message is used to inform WTRU that the precodmg information used at the
eNodeB is not the same as theprecoding information fed back from the WTRU.

9. The method of embodiment 6, Wﬁerein the indication part uses ¢t
‘least one bit to carry a two or more indication messages.

10. The method of embiodiment 6, wherein the indication part indicates
to the WTRU that different precoding information is being used at the eNodeB.

11. The method of embiodiment 3,'wherein when the validation message
is jointly coded or encoded, the validation message combines the confirmation
part and the indication part. _

12, A method _for. raducing. . signaling overhead- for -a-Wireless
Transmit/Receive Unit (WTRH), in a multiple-input multiple-output MIM®
wireless communications by wusing precoding confirmation and precoding
information or indication, the method comprising:

transmitting a precoding matrix index (PMI) that includes antenna
~ weights and beamforming weights to an evolved Node-B (eNedeB); and

receiving a validation message from the eNodeB as a PMI indicator that
includes information about its antenna weights.

13. The method of embodiment 12 wherein the part of validation
message is sent to the WI'RU via a dedicated reference signal and the part of
validation message is sent to thie WIRU via control signaling scheme.

14. The method of emodiment 12 wherein the eNodeB sends only a
precoding confirmation message or PMI indicator when the PMI of the WTRTU
and-a PMI of the eNodeB are identical.
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15. The method of embodiment 12 wherein the eNodeB sends to the
WTRU a PMI indicator with its PMI when the PMI of the WTRU and a PMI of -
the eNodeB are not identical oriwhen the PMI of the WTRU is overridden by the
PMI of the eNodeB or when a feedback error occurs.

16. The method of embodiment 12 wherein PMI indicator size is one bit
or more thén one bit, can represeént state confirmations and can be any arbitrary
value depending upon design choice.

| 17. A method for reducing signaling overhead for a Wireless
Transmit/Receive Unit (WTRU), in a multiple-input multiple-output MIMO
wireless communications by :using precoding confirmation and precoding
information or indication, the raethod comprising:

transmitting a plurality of precoding matrix indices (PMI) that includés
antenna weights and beamforming weights to an eNodeB;

receiving a validation message from the eNode B as an individual PMI
indicator for each PMI that includes information about its antenna weights.

18. The method of embodiment 12 ﬁrherein the part of validation
message is sent to the WI'RU via a dedicatéd.reference signal and-the-part-¢f
validation message is sent to the WTRU via control signaling scheme.

19. The method of embodiment 17 wherein the eNodeB sends only a
PMI indicator when the PMI‘of the WI'RU and a PMI of the eNodeB ars
identical. '

20. The method of embodiment 17 wherein the Node-B sends to ths
WTRU a PMI indicator with its PMI when at least one of the PMIs of the WTRU
and at least one of the PMIs of the eNodeB are not identical or when the PMI of
the WTRU is overridden by the PMI of the eNodeB or when a feedback error
occurs.

21. Themethod of embodiment 17, wherein PMI indicator size is one bit
or more than one bit, can represent state confirmations and can be any arbitrary
value depending upon design choice.

22, A method for reducing signaling overhead for a Wireless
Transmit/Receive Unit (WTRU), in a multiple-input multiple-output MIMQ
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wireless communications by iusing precoding confirmation and precoding
information or indication, the method comprising:

transmitting a plurality of precoding matrix indexes PMI that are
separated into groups that includes antenna weights and beamforming weighis
to a eNodeB; '

receiving from the eNodeB a validation message as an individual PMI
indicator for each group of PMIs that includes information about its antenna
weights. ) .

23. The method of embodiment 22 wherein the part of validation
message is sent to the WIRU via a dedicated reference signal and the part of
validation message is sent to the WI'RU via control signaling scheme.

24. The method of embodiment 22 wherein the eNodeB sends only a
PMI indicator that includes the PMI indicators of all groups when the PMIs &t
the WTRU and a PMI of the group at eNodeB are identical.

25. The method of emtbodiment 22 wherein the eNodeB sends to the
WTRU a PMI indicator with its PMI when at least one of the PMIs of groups of
the WTRU and at.least.one of thie PMIs of the groups-at-eNodeB-are not-identicel
or when the PMI of the WTRU is everridden by the PMI of the eNodeB or when a
feedback error occurs.

26. The method of embodiment 22 wherein each group of PMI indicators
or each PMI indicator has one bit or more than one bit to indicate whether
antenna weights are same for eNodeB and WTRU.

27. The method of embiodiment 22 when each group has only one PMI.

28. A method of either:of embodiments 1,12, 17, or 22 to send the PMI
indicator without modifying the existing control signaling wherein the PMI is
either attached to or embeddedinto exisﬁng control signaling,

29. A method for reducing signaling overhead in multiple-input
multiple-output MIMO wireless communications by use of a validation message
that includes precoding confirmation and precoding information or indication
,Jmessages, and thé validation message comprises of::

a confirmation message having one bit;
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a confirmation message:having more than one bits;

one possible sub-message for an indication message having at least one bit
showing the different possible precoding information;

one possible sub-messagi: for an override message having at least one bit
showing the different override rules for precoding; and

one possiblé sub-messaga for feedback error message having at least one
bit showing different precoding rules to handle feedback error.

30. Anevolved Node B.eNodeB for reducing signaling overhead between
a Wireless Transmit/Receive Unit (WTRU) and the eNodeB, in a multiple-input
multiple-output MIMO wirelessicommunications by using precoding confirmation
and precoding information or indication in the form of a validation message, the
eNodeB configured to:

transmit the validation me’ssage to indicate the kind of precoding
information used at the eNodeR wherein the validation message comprises of st
least one bit; _

. the validation message:provides confirmation message and indication
message and validation message could be composed.of one confirmation-message
and one indication message using separate coding; .

validation message could also be a single message that indicates

" confirmation, information, override or error message using joint coding; and
indication message can bz a precoding information indication message or
rank override message or a feeldback error message or a combination and can
indicate précoding information: for single user SU-MIMO and can also indicata
desired precoding information,: interfering precoding information or both for
multi user MU-MIMO,

31. The eNode of embidiment 30, wherein the precoding information
may contain precoding matrices or ranks or other precoding related information
or a combination of all. ‘

32. The eNodeB of ebodiment 30, wherein the validation message
comprises a combination of at least two of a confirmation message, an indication

message, a feedback error message and an override error message.
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33. TheeNodeB of embodiment 30, wherein the validation message can
be separately coded or encoded or jointly coded or encoded.

34. The eNodeB of embodiment 30, wherein when the precoding
confirmation and indication messages (validation message) is separately coded or
encoded, the validation message itself consists of two parts: a confirmation part
and an indication part.

35. The eNodeB of embodiment 34, wherein the confirmation part uses
one bit or more than one bit:to carry a positive-confirmation message or a
negative confirmation message.

36. The eNodeB of erabodiment 34, wherein a positive confirmation
message is used to inform the WTRU that precoding information used at eNodeB
is exactly the same as the preceding information fed back from the WTRU.

87, The eNodeB of emibodiment 34, wherein a negative conﬁrﬁation
message is used to inform WTRU that the precoding information used at the
eNodeB is not the same as the precoding information fed back from the WTR[

38. The eNodeB of embodiment 34, wherein the indication part uses at

least one bit to carry a fwo or more indication messages.

39. The eNodeB of ¢mbodiment 34, wherein the indication part
indicates to the WIRU that different precoding information is being used at thz
eNodeB. '

40. The eNodeB of embodiment 34, wherein when the validation
message is jointly coded or encoded, the vélidation message combines thé
confirmation part and the indication part into a single part or field.

41. An evolved Node B (eNodeB) for reducing signaling overhead;
- operating in multiple-input multiple-output MIMO wireless communications
suitable for precoding cbnﬁrmation and precoding information or indication and
configured to:

receive a precoding matrix index (PMI) from a Wireless Transmit/Receive
Unit (WTRU) that includes the'WTRUSs antenna weights;

transmit a validation massage to the WIRU as a PMI indicator tha:

includes information about its ewn antenna weights.
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42. The eNodeB of embodiment 41 wherein the validation message:is
- sent to the WIRU via a dedicated reference signal or via control signaling
scheme.

43. The eNodeB of embodiment 41 wherein the eNodeB sends only:a
PMI indicator when the PMI of the WIRU and a PMI of the eNodeB are
identical. | | |

44. The eNodeB of embodiment 41 wherein the Node-B sends to the
WTRU a PMI indicator with its PMI when the PMI of the WI'RU and a PMI of
the eNodeB are not identical or'when the PMI of the WI'RU is overridden by the
PMI of the eNodeB or when a faedback error occurs.

45. The eNodeB of embodiment 41 wherein PMI indicator size is one bit |
or more than one bit, can represent state confirmations and can be any arbitrary
value depending upon design choice.

46. An evolved Node:B (eNodeB) for reducing signaling overhead,
operating in multiple-input multiple-output MIMO wireless communications
suitable for precoding confirmation and precoding information or indication and

conﬁg‘ured to:

receive a plurality of precoding matrix indices (PMIs) from a Wireless
Transmit/Receive Unit (WITRU] that includes the WI'RUs antenna weights; and

transmit a validation message to the WI'RU as an individual PMI
indicator that includes informavion about its own antenna weights.

47. The method of erabodiment 46 wherein the part of validation
message is sent to the WTRU via a dedicated reference signal and the part of
validation message is sent to the WIRU via control signaling scheme.

48. The eNodeB of embodiment 46 wherein the eNodeB sends only a
PMI indicator when the PMI:of the WIRU and a PMI of the eNodeB are
identical. '

49, The eNodeB of embodiment 46 wherein the eNodeB sends to the
WTRU a PMI indicator with its: PMI when at least one of the PMIs of the WIRU
and at least one of the PMIs of the eNodeB are not identical or when the PMI of

-49 -



the WTRU is overridden by the PMI of the eNodeB or when a feedback error
occurs.

50. TheeNodeB of embodiment 46. wherein PMI indicator size is one bit
or more than one bit, can represent state confirmations and can be any arbitrary
value depending upon design c¢aoice. -

51. TheeNodeB of embodiment 46 configured to send the PMI indicator
without modifying the existing control signaling wherein the PMI is either
attached to or embedded into existing control signaling.

52, An evolved Node- B (eNodeB) for reducing signaling overhead,
operating in multiple-input multiple-output MIMO wireless communications
suitable for precoding confirmasion and precoding information or indication and
configured to:

receive a plurality of precoding matrix indices (PMIs) from a Wireless
Transmit/Receive Unit (WTRU that are separated into groups that includes the
WTRUSs antenna weights; and

transmit a validation message to the WITRU as an individual PMI
_indicator_for_each_group of PiMIs —-that_includes. information-about-its -owa-
antenna weights,

53. The eNodeB of embodiment 52, wherein part of validation message
is sent to the WIRU via a dedicated reference signal and the part of validation
message is sent to the WIRU via control signaling scheme.

54. .The eNodeB of embodiment 52, wherein the eNodeB sends only a
PMI indicator that includes the PMI indicators of all groups when the PMlIs at
the WTRU and a PMI of the group at eNodeB are identical.

55. The eNodeB of emsbodiment 52 wherein the eNodeB sends to the
WTRU a PMI indicator with its:PMI when at least one of the PMIs of groups of
the WTRU and at least one of thi2 PMIs of the groups at eNodeB are not identical
or when the PMI of the WI'RU iz overridden by the PMI of the eNodeB or when a

feedback error occurs.
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56. The eNodeB of embodiment 52 wherein each group of PNI
indicators or each PMI indicator has one bit or more than one bit to indicase
whether antenna weights are same for eNodeB and WTRU.

57. The eNodeB of erabodiment 52 wherein each group has only one
PMI.

58. The eNodeB of emibodiment 52 configured to send the PMI indicater
- without modifying the existing control signaling wheréin the PMI is either
attached to or embedded into existing control signaling.

59. An evolved Node B (eNodeB) for reducing signaling overhead,
operating in multiple-input maultiple-output MIMO wireless communicatioris
having a transceiver and prooissor for precoding confirmation and precoding
information or indication and configured to generate a validation message'the.t
includes precoding matrix information PMI, and the validation message
comprises:

a confirmation message having one bit; or

a confirmation message having more ﬁhan one bit;

one possible sub-mes_,sagé_fqnan.,in,dicatio‘n.message.having..af..least one bit-

showing the different possible precoding information;
one possible sub-message for an override message having at least one bit
showing the different override rules for precoding; and

one possible sub-message for feedback error message having at least ona
bit showing different precoding:rules to handle feedback error.

60, A wireless transmit/receive unit (WTRU) for reducing signaling
overhead between an evolved/Node B and the WTRU, in a multiple-input
multiple-output MIMO wirelessizommunications by using precoding confirmation

and preéoding information or indication in the form of a validation message, the
WTRU configured to :

receive the validation message to indicate the kind of precoding

information used at the eNodeRiwherein the validation message comprises of a3

least one bit;
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the validation message provides precoding confirmation message and
indication message and validation message could be composed of one
confirmation message and one:%indication message using separate coding;

validation message could also be a single message that indicates
confirmation, information, oversride or error message using joint coding; and

indication message can be a precoding information indication message or
rank override message or a feedback error message or a combination and can
indicate precoding information for single user SU-MIMO and can also indicate
desired precoding information. interfering pfecoding information or both for
multi user MU-MIMO.

61. The WTRU of emibodiment 60, wherein the wfalidation message
comprises a combination of at least two of: a confirmation message, an indication
message, a feedback erﬁ)r message and an override error message.

62. The WTRU of embodiment 60, wherein the precoding information
and indication messages (validation message) can be separately encoded ¢r
jointly encoded.

63. The WTRU of embediment. 60, wherein when the validation message- |
is separately coded or encoded, the validation message itself consists of two parts:
a confirmation part and an indication part.

© 64. The WTRU of embodiment 63, wherein the confirmation part uses
one bit or more than one bit fo carry a positive-confirmation message or a
negative confirmation message. '

65. The WTRU of embodiment 60, wherein a positive confirmation
message is used to inform the WI'RU that precoding information used at eNodeB
is exactly the same as the precoding information fed back from the WTRU.

66. The WTRU of embodiment 60, wherein a negative confirmation
message is used to inform WTRU that the precoding information used at the
eNodeB is not the same as the precoding information fed back from the WITRU.

67. The WTRU of embcdiment 68, wherein the indication part uses one

bit or more than one bit to carry a two or more indication messages.
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68. The WTRU of embodiment 64, wherein the indication part indicates
to the WTRU that different precoding information is being used at the eNode3.

69. The WTRU of embodiment 64, wherein when the validation message
is jointly coded or encoded, the validation message combines the confirmaticn
part and the indication part.

70. A wireless transmit/receive unit WT'RU for reducing signaling
overhead, operating in muitiple-input multiple-output MIMO wireless
communications having a transceiver and processor and processor for precoding -
confirmation and precoding infermation or indication and configured to generate
a validation message that includes precoding matrix information PMI, and the
validation message comprises: ‘

a confirmation message having one bit; or

a confirmation message having at least one bit;

one possible sub-message for an indication message having at least one bit
showing the different pdssible precoding information;

one possible sub-message for an override message having at least one bit

one possible sub-message for feedback error message having at least one
bit showing different precodingirules to handle feedback error.

71. A wireless transmit/receive unit (WTRU) for reducing signaling
overhead, operating in multiple-input multiple-output MIMO wireless
communications, having a transceiver and a processor for precoding confirmation
and precoding information or indication and configured to:

transmit a precoding maixix index (PMI) to an evolved Node B (eNodeB)
that includes the WIRUs antenna weights; |

receive a validation mesiage from the eNodeB as a PMI indicator that
includes information about its cwn antenna weights.

72. The WTRU of embodiment 71, wherein part of validation message i3
received via a dedicated reference signal and the part of validation message is

received via control signaling scheme.
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73. The WTIRU of emtbodiment 72, wherein the WIRU receives only a
precoding confirmation or PMIindicator when the PMI of the WTRU and PMI of
the eNodeB are identical. ,

74, The WTRU of embodiment 71, wherein the WTRU receives a PMI
indicator with its PMI when the PMI of the WT'RU and a PMI of the eNodeB are
not identical or when the PME of the WTRU is overridden by the PMI of tke
eNodeB or when a feedback error occurs.

75. The WTRU of embodiment 71, wherein PMI indicator gize is one bit
" or more than one bit, can represent state confirmations and can be any arbitrary

value depending upon design choice.

76. The WTRU of emlrodiment 71, wherein part of validation messageis
received by the transceiver via a dedicated reference signal and the part of
validation message is received via control signaling scheme. |

77. A wireless transmit/receive unit (WT'RU) for reducing signaling
overhead, operating in multiple-input multiple-output MIMO wireless
communications, having a transceiver and a processor for precoding confirmation
and precoding information or indication and configured to:

transmit a plurality of pracoding matrix indices (PMIs) to an evolved Node
B (eNodeB) that includes the WTRUS antenna weights; and

‘receive a validation meisage from the eNodeB as an individual PMI

indicator that includes informasion about eNodeBs own antenna weights.

78. The WTRU of embediment 77, wherein part of validation message is
received by the transceiver via a dedicated reference signal or via contrcl

" signaling scheme,

79. The WTRU of embodiment 77, wherein the WIRU receives only a
PMI indicator from the eNodeE when the PMI of the WIRU and a PMI of tha
eNodeB are identical.

80. The WTRU of embodiment 77, wherein the WIRU receives a PMI
indicator with eNodeBs PMI when at least one of the PMIs of the WIRU and at
least one of the PMIs of the eNodeB are not identical or when the PMI of tha
WTRU is overridden by the PMI of the eNodeB or when a feedback error occurs.
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81. The WTRU of embodiment 80, wherein PMI indicator size is one bit
or more than one bit, can represent state conﬁrmations and can be any arbitrary
value depending upon design choice. '

82. A wireless transmit/receive unit (WTRU) for reducing signaling
overhead, operating in multiple-input multiple-output MIMO wireless
communicaﬁons, having a traasceiver and a processor for precoding matrix
indication and configured to: |

 transmit a plurality of precoding matrix indices (PMIs) to an evolved Node
B (eNodeB) that are separated:into groups that includes the WI'RUs antenna
weights; and '

receive a validation message from the eNodeB as an individual PMI
indicator for each group of PMIs that includes information about its ow=a
antenna weights. '

83. The WTRU of embédiment 82, wherein part of validation message is
received by the transceiver via a dedicated reference signal and the part cf
validation message is received via control signaling scheme. |

84. The WTRU of emoodiment 82, wherein the wherein the WTRU
receives only a PMI indicator from the eNodeB that includes the PMI indicators -
of all groups when the PMIs at the WI'RU and a PMI of the group at eNodeB arz
identical. ' 4 .

85. The WTRU of embodiment 82, wherein the WITRU receives a PMI
indicator from eNodeB with its PMI when at least one of the PMIs of groups of

| the WI'RU and at least one of ths PMIs of the groups at eNodeB are not identical
or when the PMI of the WIRU is overridden by the PMI of the eNodeB or when a
feedback error occurs. '

86. The WIRU of embcdiment 82, wherein each group of PMI indicators

or each PMI indicator has one bit or more than one bit to indicate whether

antenna weights are same for eNodeB and WTRU.
 87. The WTRU of embodiment 82, wherein each group has only one
PMIL '
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88. The WTRU of embodiment 82 configured to receive the PMI

“indicator from the eNodeB wherein the PMI is either attached to or embedded
into existing control signaling. ’

. [00120] Although the features and elements of the present invention are
described in the preferred embcdiments in particular combinations, each feature
or element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features
and elements of the present invention. The methods or flow charts provided in
the present invention‘ may be itoplemented in a computer program, software, or
firmware tangibly embodied <in a computer-readable storage medium for
execution by a general purpose computer or é processor. Examples of computer-
readable storage mediums include a read only memory ROM, a random access
memory RAM, a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile
disks DVDs. -

[00121] Suitable processors include, by way of example, a general-purpose-

processor, a special purpose pmf;:eséor, a conventional processor, a digital signsl
processor DSP, a plarality of microprocessors, one or more microprocessors in:
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits ASICs, Field Programmable Gate Arrays FPGAs circuits, any
other type of integrated circuit i{C, and/or a state machine.
[00122] A processor in association with software may be used to implement
a radio frequency transceiver for use in a wireless transmit receive unit WTRU,
Wireless Transmit/Receive Unit WTRU, terminal, basé station, radio networl
controller RNC, or any host computer. The WIRU may be used in conjunction
with modules, impleménted in aardware and/or software, such as a camera, a
video camera module, a videsphone, a speakerphone, a vibration device, a
speaker, a microphone, a television transceiver, a hands free headset, a keyboard,
a Bluetooth® module, a frequency modulated FM radio unit, a liquid crystal
display LCD display unit, an organic light-emitting diode OLED display unit, &
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digital music player, a mediaiplayer, a video game player module, an Interret
browser, and/or any wireless Iocal area network WLAN module.
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Claims

1. A method for signaling control information for a Wireless
Transmit/Receive Unit (WTRU), the method comprising:

sending, by the WTRU, a plurality of precoding matrix indexes, PMIs, or
codebook values, as feedback;

receiving, by the WTRU, a message including (1) a single bit PMI indicator in a
first field, and (2) only a single PMI in a second field or only a single codebook value
representing only the single PMI in the second field, the second field being separate
from the first field; and

processing, by the WTRU, at least the single bit PMI indicator, the single bit PMI

indicator indicating whether to use the PMIs or codebook values sent as the feedback.

2. The method of claim 1, wherein the PMI indicator is composed of less

bits than a number of bits used to transmit an entire precoding matrix.

3. The method of claim 1, wherein the processing of the single bit PMI
indicator includes determining, by the WTRU, whether to use: (1) precoding matrixes
associated with the fedback PMIs or fedback codebook values; or (2) a precoding matrix

associated with the single PMI or single codebook value for communications.

4, The method of claim 1, wherein the receiving of the single bit PMI
indicator and the single PMI or the single codebook value includes receiving, from an
evolved NodeB (eNB), the single bit PMI indicator with the single PMI or the single
codebook value when: (1) the fedback PMIs or fedback codebook values of the WTRU
and PMIs or codebook values of the eNB are not identical; (2) the fedback PMIs or the

feedback codebook values of the WTRU are overridden; or (3) a feedback error occurs.

5. The method of claim 1, wherein the single bit PMI indicator indicates an

evolved NodeB is using precoding reported from the WTRU.
6. The method of claim 1, wherein the single bit PMI indicator has a first

logic level indicating precoding according to precoding feedback and a second logic

level indicating not precoding according to the precoding feedback.
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7. The method of claim 1, wherein the processing of the at least single bit
PMI indicator includes joint decoding of the single bit PMI indicator and the single PMI or

the single codebook value received from an evolved NodeB.

8. The method of claim 7, wherein the joint decoding of the single bit PMI
indicator and the single PMI or the single codebook value decodes a fixed length bit
segment.

9. The method of claim 1, wherein the received message includes the single

bit PMI indicator, and comprises a first bit of the PMI indicator and a bit segment of the

single PMI or single codebook value.

10. The method of claim 9, wherein the bit segment indicates precoding

information used by an evolved NodeB.

11. The method of claim 1, comprising processing the single PMI or the
single codebook value on the condition that the single bit PMI indicator indicates that an
evolved NodeB sending the message is not using the precoding matrixes associated
with the fedback PMls.

12. A Wireless Transmit/Receive Unit (WTRU) configured to signal control
information, comprising:
a processor and transmitter/receiver unit configured to:
send a plurality of precoding matrix indexes, PMIs, or codebook values,
as feedback;
receive a message including (1) a single bit PMI indicator in a first field,
and (2) only a single PMI in a second field or only a single codebook value representing
only the single PMI in the second field, the second field being separate from the first
field; and
process at least the single bit PMI indicator, the single bit PMI indicator

indicating whether to use the PMIs or codebook values sent as the feedback.

13. The WTRU of claim 12, wherein the WTRU is configured to determine
whether to use: (1) precoding matrixes associated with the fedback PMIs or fedback
codebook values; or (2) a precoding matrix associated with the single PMI or single
codebook value for communications.
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14. The WTRU of claim 12, wherein the WTRU is configured to process the
received message including a first bit associated with the single bit PMI indicator and a
bit segment associated with the single PMI or the single codebook value, the bit

segment indicating precoding information used by an evolved NodeB.

15. The WTRU of claim 12, wherein the bit segment indicates a single
codebook value to be used by the WTRU on condition that the first bit indicates the
evolved NodeB is not using precoding reported from the WTRU.

16. The WTRU of claim 12, wherein the WTRU is configured to joint decode

the single bit PMI indicator and the single PMI or the single codebook value received

from an evolved NodeB.
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