IEEE C802.16m-09/0912

Project | EEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16

Title M odificationsto support Analog Eigenvector Feedback for MU-MIMO Transmission in
the Draft P802.16m Amendment

Date 2009-04-27

Submitted

Source(s) Fred Vook, Eugene Visotsky, Bill HiIIery!E'ma'l: fred.ﬁoolé@krgtor?la.?om
Mark Cudak, Tim Thomas, mark.cudak@motorola.com
Bishwarup Mondal, Fan Wang *<http://standards.ieee.org/fags/affiliationFAQ.html>
Motorola

Re: 802.16m AWD - Call for Contributions IEEE 80&11-09/0020
Category: AWD comments / Area: Chapter 15.3.9 (ULRC)

Abstract This contribution proposes modificationglte AWD to enable the “eigenvector feedback”
methodology mentioned in the UL Control sectionhe&f SDD.

Purpose Discussion and adoption by TGm

. This document does not represent the agreed views of the | EEE 802.16 Working Group or any of its subgroups. It

Notice represents only the views of the participantsdistethe “Source(s)” field above. It is offeredabasis for
discussion. It is not binding on the contributorggho reserve(s) the right to add, amend or witdraterial
contained herein.
The contributor grants a free, irrevocable licetasthe IEEE to incorporate material contained i tdontribution,

Release and any modifications thereof, in the creationiBEE Standards publication; to copyright in tB&E’s name
any IEEE Standards publication even though it majude portions of this contribution; and at th&HEs sole
discretion to permit others to reproduce in whaléngart the resulting IEEE Standards publicatibine
contributor also acknowledges and accepts thattrsribution may be made public by IEEE 802.16.
The contributor is familiar with the IEEE-SA Patétdlicy and Procedures:

Pat_ent <http://standards.ieee.org/guides/bylaws/sect6-THtrnand

Policy <http://standards.ieee.org/guides/opman/sect6.htBu#6

Further information is located ahttp://standards.ieee.org/board/pat/pat-materialzhtand
<http://standards.ieee.org/boardspat




IEEE C802.16m-09/0912

Analog Eigenvector Feedback for MU-MIMO Transmissio  n —
Proposed Text for the Draft P802.16m Amendment Work  ing Document

Fred Vook, Eugene Visotsky, Bill Hillery, Mark Cudak, Tim Thomas, Bishwarup Mondal, Fan Wang
Motorola Inc.

Introduction

This contribution contains the detailed text pragdas support analog feedback in the AWD. The aissed
presentation slides contain performance resultsadddional discussion for the proposed design.

Proposed Amendment Text

[Modify Section 15.3.8.3.3 as follows]

15.3.8.3.3 Resource allocation and tile permutation  for control channels

The distributed LRUs in each of uplink frequencytip@n may be further divided into data, bandwidéguestandfeedback
channelsand analog feedback channdlbe feedback channels can be used for both HARR/NAK and fast feedbackihe analog
feedback channels are specifically for transmittinguantized eigenvector feedback for supportingMIMO Transmission.The
allocation order of data channels and UL contralratels are TBD.

[Insert new Section 15.3.8.3.3.3 immediately prior to Section 15.3.8.3.4]

15.3.8.3.3.3 Analog Feedback Channels

The number of analog feedback channels in frequpadytionFP;, Lags rri, IS indicated by the (TBD)-bit field
UL_AFB_SIZE in the S-SFH (TBD) in the unit of LRUS.

Les e = UL_AFB_SIZE Eqn AFB-1

Analog Feedback (AFB) Channels may be presentrimessubframes, and the AFB allocation can diffemfro
subframe to subframe.

In MZone, the analog feedback channels are of sameeas LRUS, i.e. three 6-by-6 tiles. In LZonemUSC,
the analog feedback channels consist of three @4ilgs. The analog feedback channels use LRUs constructed
from the tile permutation specified in Section 18.3.2.
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[Insert new Section 15.3.9.1.6 on page 113]

15.3.9.1.6 Analog Feedback channel

In the LZone with PUSC, an AFB tile is defined asofitiguous subcarriers by 6 OFDM symbols. The nermb
of AFB tiles per AFB channel is 3. For 2- and 4ngsmit-antenna base stations, each AFB channel can
multiplex analog eigenvector feedback from up taabile stations. For 8 transmit antennas, each érdhnel
can multiplex analog eigenvector feedback fromap tmobile stations.

In the MZone, an AFB tile is defined as 6 contigsisubcarriers by 6 OFDM symbols. Each AFB channel
consists of 3 distributed AFB tiled=or 2- and 4- transmit-antenna base station$, BB channel can
multiplex analog eigenvector feedback from up tadbile stations. For 8- transmit-antenna baseoststieach
AFB channel can multiplex analog eigenvector feedlldeom up to 4 mobile stations.

[Insert new Section 15.3.9.2.6 on page 119]

15.3.9.2.6 Analog Feedback Channels

For the MZone and the LZone, the structure of thedagy feedback channels is defined for the numbbase
station antennas equaling 2, 4, and 8.

For the MZone, the structure for 2 transmit anternieahown in Figure UL- 12. The analog feedb#dkR)
channel for 2Tx antennas contains 6 analog feedaoghannels for enabling up to 6 AMSs to sendognal
eigenvector feedback with a CDM factor of 4. Igure UL- 12, the structure is shown for the firlg of all six
AFB subchannels. The structure on thtahd & tiles are identical to the structure of the ftig. A blank
symbol means the AMS does not transmit on thataswiee/ OFDM symbol. The construction of the
information symbolsg and pilot symbols i that are transmitted in the AFB subchannels isrnilssd in
Section 15.3.9.3.4.

For the MZone, the structure for 4 transmit antenaahown in Figure UL- 13. The analog feedbdwnaoel
for 4Tx antennas contains 6 analog feedback sulbeliifor enabling up to 6 AMSs to send analog eigetor
feedback with a CDM factor of 4. In Figure UL- 1Be structure is shown for the first and secoles ©f all
six analog feedback subchannels. The structutieec®” tile is identical to the structure of the firdeti A
blank symbol means the AMS does not transmit onghbcarrier/OFDM symbol. The construction of the
information symbolsg and pilot symbols i that are transmitted in the AFB subchannels isrnitssd in
Section 15.3.9.3.4.

For the MZone, the structure for 8 transmit antenaahown in Figure UL- 14. The analog feedbdwnaoel
for 8Tx antennas contains 4 analog feedback sulpeliifor enabling up to 4 AMSs to send analog eigetor
feedback with a CDM factor of 4. In Figure UL- IH¢ structure is shown for all three tiles ofsak analog
feedback subchannels. A blank symbol means the AMS not transmit on that subcarrier/OFDM symbol.
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The construction of the information symbojg and pilot symbols R that are transmitted in the AFB
subchannels is described in Section 15.3.9.3.4.

AFB Subchannel 1 AFB Subchannel 2 AFB Subchannel 3

€311 €322

€331 €342

€112 €121

€132 €141

AFB Subchannel 4 AFB Subchannel 5 AFB Subchannel 6

€411 €422

€431 €442

€212 €221

€232 €241

Figure UL- 1, Analog Feedback Channel Structure in the Advance Air Interface for 2 Transmit
Antenna Base Stations (MZONE): 6 analog feedback subchannels for multiplexing up to 6 AMSs with
a CDM factor of 4. Only Tile 1 is shown for the 6 analog feedback subchannels. Tiles 2 and 3 are
identical to Tile 1.
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AFB Subchannel 1 AFB Subchannel 2 AFB Subchannel 3
€111 | €121 ff P111 | P121 | €112 | €122 €211 | €221 ff P211 | P221 f €212 | €222 €311 | €321 f P311 | P321 f €312 | €322
o €131 | €141 | P131 | P141 | €132 | €142 €231 | €241 | P231 | P241 | €232 | €242 €331 | €341 | P331 | P3s1 [ €332 | €342
Q
= €113 | €123 f P112 | P122 | €114 | €124 €213 | €223 | P212 | P222 | €214 | €224
om
% €133 | €143 § P132 | P142 [f €134 | €144 €233 | €243 P232 | P242 [§ €234 | €244
€113 | €123 § P112 | P122 ff €114 | €124
€133 | €143 f P132 | P142 | €134 | €144
€112 | €122 § P111 | P121 f €111 | €121 €212 | €222 § P211 | P221 f €211 | €221 €312 | €322 § P311 | P321 f €311 | €321
~ €132 | €142 § P131 | P141 f €131 | €141 €232 | €242 f§ P231 | P241 [f €231 | €241 €332 | €342 § P331 | P341 | €331 | €341
Q
= €114 | €124 | P112 | P122 f €113 | €123 €214 | €204 § P212 | P222 |§ €213 | €223
0
< €134 | €144 | P132 | P142 | €133 | €143 €234 | €244 | P232 | P242 | €233 | €243
€114 | €124 § P112 | P122 f €113 | €123
€134 | €144 § P132 | P142 | €133 | €143
AFB Subchannel 4 AFB Subchannel 5 AFB Subchannel 6
€411 | €421 f§ Pa11 | Paz1 f €412 | €422
-~ €431 | €441 | Paz1 | Pas1 | €432 | €aa2
Q
'_
0 €311 | €321 | P311 | P21 f €312 | €322 €411 | €421 | Pa11 | Paz1 | €412 | €422
LL
< €331 | €341 | P331 | P34 | €332 | €342 €431 | €441 | Pa31 | Pas1 | €432 | €aa2
€213 | €223 § P212 | P222 [§ €214 | €224 €313 | €323 § P312 | P322 § €314 | €324 €413 | €423 § Pa12 | Paz2 | €414 | €424
€233 | €243 | P232 | P242 | €234 | €244 €333 | €343 | P332 | P342 | €334 | €344 €433 | €443 | Pa32 | Pasz | €434 | €ass
€412 | €422 § Pa11 | Paz1 f €411 | €421
« €432 | €442 § P4zt | Pasar f €431 | €441
Q
= €312 | €322 | P311 | P321 f €311 | €321 €412 | €422 | Pa11 | Paz1 f €411 | €421
m
% €332 | €342 | P331 | P3s1 | €331 | €341 €432 | €442 | Paz1 | Pasr | €431 | €aa1
€214 | €224 | P212 | P222 § €213 | €223 €314 | €324 f P312 | P322 | €313 | €323 €414 | €424 | Pa12 | Pazz2 | €413 | €423
€234 | €244 | P232 | P242 | €233 | €243 €334 | €344 | P332 | P3s2 | €333 | €343 €434 | €444 | Pa32 | Pasz | €433 | €443

Figure UL- 2, Analog Feedback Channel Structure in the Advance Air Interface for 4 Transmit
Antenna Base Stations (MZONE): 6 analog feedback subchannels for multiplexing up to 6 AMSs with
a CDM factor of 4. Only Tiles 1 and 2 are shown. Tile 3 is identical to Tile 1.



IEEE C802.16m-09/0912

AFB Subchannel 1 AFB Subchannel 2 AFB Subchannel 3 AFB Subchan nel 4
€111 | €121 f P11 | P121 f €112 | €122 €211 | €221 § P211 | P221 | €212 | €222 €311 | €321 B P311 | P321 | €312 | €322 €411 | €421 f Pa11 | Paz1 | €412 | €422
‘; €131 | €141 f P131 | P141 | €132 | €142 €231 | €241 § P231 | P241 | €232 | €242 €331 | €341 f P331 | P3sa1 || €332 | €342 €431 | €441 f Pa31 | Pass || €432 | €as2
i
m €113 | €123 f P112 | P122 f €114 | €124 €213 | €223 f P212 | P22z § €214 | €224 €313 | €323 f P312 | P322 § €314 | €324 €413 | €423 f Pa12 | Pazz f €414 | €24
<
€133 | €143 § P132 | P14z || €134 | €144 €233 | €243 § P232 | P242 |§ €234 | €244 €333 | €343 P332 | P342 ] €334 | €344 €433 | €443 | Pa32 | Pasz |f €434 | €as4
€115 | €125 § P113 | P123 | €116 | €126 €315 | €325 @ P313 | P323 | €316 | €326 €415 | €425 f§ Pa13 | Paz3 | €416 | €426
€135 | €145 f§ P133 | P143 | €136 | €146 €335 | €345 § P333 | P343 || €336 | €346 €435 | €445 § Pa33 | P44z | €436 | €as6
€117 | €127 f P111 | P121 | €118 | €128 €215 | €225 f§ P211 | P221 | €216 | €226 €317 | €327 f P311 | P321 ] €318 | €328
N €137 | €147 § P131 | P141 | €138 | €148 €235 | €245 f§ P231 | P241 | €236 | €246 €337 | €347 f P331 | P341 || €338 | €348
Q
= €217 | €227 f P212 | P222 § €218 | €228 €312 | €322 f P312 | P322 f €311 | €321 €417 | €427  Pa12 | Pazz § €418 | €a2s
m
LL
< €237 | €247 ff P232 | P24z § €238 | €248 €332 | €342 f P332 | P34z f €331 | €341 €437 | €447  P432 | Pasz f €438 | Cass
€112 | €122 § P113 | P23 ff €111 | €121 €212 | €222 | P213 | P223 f§ €211 | €221 €314 | €324 ff P313 | P323 |§ €313 | €323 €412 | €422 f§ Pa13 | Paz3 |§ €411 | €421
€132 | €142 § P133 | P1a3 | €131 | €141 €232 | €242 § P233 | P243 |§ €231 | €241 €334 | €344 | P333 | P343 |§ €333 | €343 €432 | €442 | Pa33 | Pass |§ €431 | €as1
€114 | €124 f P111 | P121 f €113 | €123 €214 | €224 § P211 | P221 | €213 | €223 €414 | €424 § Pa11 | Paz1 | €413 | €423
P €134 | €144 f P131 | P141 | €133 | €143 €234 | €244 § P231 | P241 | €233 | €243 €434 | €444 f Pa31 | Pass | €433 | €aa3
Q
= €116 | €126 § P112 | P122 f €115 | €125 €216 | €226 f§ P212 | P222 | €215 | €225 €316 | €326 § P312 | P322 f €315 | €325 €416 | €426 § Pa12 | Paz2 | €415 | €425
m
é €136 | €146 ff P132 | P14z f €135 | €145 €236 | €246 § P232 | P24z f €235 | €245 €336 | €346 [ P332 | P34z § €335 | €345 €436 | €440 f§ P432 | Pasz f €435 | Cass
€118 | €128 § P113 | P123 | €117 | €127 €218 | €228 | P213 | P223 |§ €217 | €227 €318 | €328 § P313 | P323 |§ €317 | €327 €418 | €428 § Pa13 | Paz3 |§ €417 | €427
€138 | €148 § P133 | P143 | €137 | €147 €238 | €248 § P233 | P243 | €237 | €247 €338 | €348 § P333 | P343 || €337 | €347 €438 | €448 § Pa33 | P44z | €437 | €aa7

Figure UL- 3, Analog Feedback Channel Structure in the Advance Air Interface for 8 Transmit
Antenna Base Stations (MZONE). 4 Analog Feedback subchannels for multiplexing up to 4 AMSs
with a CDM factor of 4.

For the LZone, the structure for 2 transmit antsneahown in Figure UL- 14. The analog feedbdwnoel
for 2Tx antennas supports up to 4 AMSs sendingogneilgenvector feedback with a CDM factor of 4. In
Figure UL- 14, the structure is shown for the ftitgt of all four users. The structure on tH8 @&nd & tiles are
identical to the structure of the first tile. Aabk symbol means the AMS does not transmit on that
subcarrier/OFDM symbol. The construction of thi@imation symbols;g and pilot symbols i that are
transmitted in the AFB subchannels is describeseation 15.3.9.3.4.

For the LZone, the structure for 4 transmit antsneahown in Figure UL- 15. The analog feedbdwnoel
for 4Tx antennas supports up to 4 AMSs sendingogneilgenvector feedback with a CDM factor of 4. In
Figure UL- 15, the structure is shown for the faatl second tile of all four AMSs. The structuretioe & tile
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is identical to the structure of the first tile. bdank symbol means the AMS does not transmit ah th
subcarrier/OFDM symbol. The construction of th®fmation symbolsg and pilot symbols ;i that are
transmitted in the AFB subchannels is describesldction 15.3.9.3.4.

For the LZone, the structure for 8 transmit antsneahown in Figure UL- 16. The analog feedbdwknoel
for 8Tx antennas supports up to 3 AMSs sendingognailgenvector feedback with a CDM factor of 2blank
symbol means the AMS does not transmit on thataswiee/ OFDM symbol. The construction of the
information symbolsg and pilot symbols i that are transmitted in the AFB subchannels isrnilssd in
Section 15.3.9.3.4.

AFB Subchannel 1 AFB Subchannel 2 AFB Subchannel 3 AFB Subchannel 4
€111 | €121 f P111 | P121 f €112 | €122 €211 | €221 f P211 | P21 | €212 | €222 €311 | €321 f P311 | P321 f €312 | €322 €411 | €421 f Pa11 | Pac1 J €412 | €422
€131 | €141  P131 | P141 | €132 | €142 €231 | €241 | P231 | P241 |§ €232 | €242 €331 | €341 ) P331 | P34z [f €332 | €342 €431 | €441 | Paz1 | Pass | €432 | €442
€112 | €122 f P112 | P122 f €111 | €121 €212 | €222 f P212 | P22 | €211 | €221 €312 | €322 § P312 | P322 f €311 | €321 €412 | €422 f Pa12 | Paz2 | €411 | €421
€132 | €142 f P132 | P14z f €131 | €141 €232 | €242 § P232 | P2s2 | €231 | €241 €332 | €342 § P332 | P342 f €331 | €341 €432 | €442 f Pa32 | Pasz J €431 | €441

Figure UL- 4, Analog Feedback Channel Structure in the Advance Air Interface for 2 Transmit
Antenna Base Stations (LZONE): 4 AMSs multiplexed with a CDM factor of 4. Only Tile 1 is shown
for the 4 AMSs. Tiles 2 and 3 are identical to Tile 1.

AFB Subchannel 1 AFB Subchannel 2 AFB Subchannel 3 AFB Subchannel 4
-
© €111 | €121 § P111 | P121 f €112 | €122 €211 | €221 B P211 | P221 f €212 | €222 €311 | €321 f P311 | P321 f§ €312 | €322 €411 | €421 B Par1 | Paz1 | €412 | €422
=
m €131 | €141 § P131 | P1a1 § €132 | €142 €231 | €241 § P231 | P2a1 § €232 | €242 €331 | €341 f§ P31 | P3ar f €332 | €342 €431 | €441 § P31 | Pass § €132 | €422
LL
<
€113 | €123 f P112 | P122 f €124 | €124 €213 | €223 § P212 | P222 f €214 | €224 €313 | €323 ff P312 | P322 § €314 | €324 €413 | €423 f Pa12 | Pazz | €214 | €424
€133 | €143 f P132 | P142 | €134 | €144 €233 | €243 B P232 | P242 €234 | €244 €333 | €343 § P332 | P342 f €334 | €344 €433 | €443 | P32 | Pasz | €434 | €44
N
o €112 | €122 § P111 | P121 f €111 | €121 €212 | €222 B P211 | P221 f €211 | €221 €312 | €322 ff P311 | P321 f§ €311 | €321 €412 | €422 B Pax1 | Paz1 f €411 | €a21
=
m €132 | €142 f§ P131 | P141 ff €131 | €141 €232 | €242 f P231 | P241 f§ €231 | €241 €332 | €342 § P331 | P3a1 f €331 | €341 €432 | €442 P Pa31 | Pagr f €431 | a1
LL
<
€114 | €124 § P112 | P122 €113 | €123 €214 | €224 B P212 | P222 f €213 | €223 €314 | €324 § P312 | P322 § €313 | €323 €414 | €424 B Par2 | Paz2 § €413 | €423
€134 | €144 ff P132 | P142 | €133 | €143 €234 | €244 § P232 | P24z | €233 | €243 €334 | €344 ff P332 | P342 § €333 | €343 €434 | €444 f Paz2 | Pasz | €233 | €443

Figure UL- 5, Analog Feedback Channel Structure in the Advance Air Interface for 4 Transmit
Antenna Base Stations (LZONE): 4 AMSs multiplexed with a CDM factor of 4. Only Tiles 1 and 2 are
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shown for the 4 AMSs. Tile 3 is identical to Tile 1.

AMS 1 AMS 2 AMS 3

€121 ff P111

€123 | P112

€125 f P113

AFB Tile 1

€127 §f P114

€122 ff P111 €211 | €221 ff P211 | P221
e124 p112
€126 f§ P113 €215 | €225 f P213 | P223
e128 p114

Figure UL- 6, Analog Feedback Channel Structure in the Advance Air Interface for 8 Transmit
Antenna Base Stations (LZONE): 3 AMSs multiplexed with a CDM factor of 2.

AFB Tile 2

AFB Tile 3

[Add new Section 15.3.9.3.4]

15.3.9.3.4 Analog Feedback Channels

The analog feedback LRUs are used by the AMSatwsinit analog eigenvector feedback for enablingAB8
to compute high precision MU-MIMO transmit precagliweights. In analog eigenvector feedback, the AMS
first computes an estimate of the downlink transpétial covariance matrix R given by:
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R =1 STHY(H(K)
NK kOS(k)
where H(K) is the downlink matrix channel respodmensioned as the number of AMS receive antehpas
the number of ABS transmit antennas) at subcakriecthe AMS may estimate H(k) from downlink
measurement pilots. The S(k) denotes the setbafestiers that the transmit covariance matrix impoted
over. N is the number of subcarriers in the set S(k).

Two modes of analog eigenvector feedback are stgmhorvideband eigenvector feedback and narrowband
eigenvector feedback. In wideband mode, the sstiloéarriers§Kk) used to compute R consist of all used
subcarriers. In narrowband mode, the set of sulecamused to compute R consist of all subcariretbe sub-
band requested by the ABS in the TBD DL Controhaigng. The ABS will indicate which mode (widebamd
narrowband) the AMS is to use.

After computing R over the appropriate subcarrigrs, AMS computes the eigenvector correspondirigego
largest eigenvalue of R, where the largest eiganves denoted:

where N is the number of transmit antennas at BB8.AThe coefficients to be mapped to the analedback
channels are denoted Bywhere elementg = a ¢;. The scale factogr is chosen by the MS to appropriately
normalize the overall average transmit power tovidae needed to achieve the per-subcarrier poordra
target for analog feedback. The ABS will indicHte per-subcarrier power control target for eadr usa
TBD DL control message.

The ABS will indicate to the AMS which form (wideha or narrowband) is to be transmitted and on which
analog feedback subchannel to transmit the eleneenEor narrowband mode, the ABS will indicate over
which sub-band the covariance matrix R is to bemaed. (The exact DL Control signaling is TBD.)

The mapping from the elemenig@the information symbolsgyethat are transmitted in the AFB subchannels
shown in Section 15.3.9.2.6 is as follows. Fitst, entries of the unquantized eigenvector areteerg, for
k=1...N, where N is the number of BS transmit antsnrniBhe symbol transmitted in the analog feedback
subchannel is denoted ag,avhereej = mjxey, and n is the (i,if" entry of the particular spreading matrix
being used by the base station sector, wherédngisaw index and i is the column index of the spieg matrix.
There are four choices for the spreading matriseased within a sector for spreading the analedldack and
those choices are denoted A, B, C, or D:
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1 1 1 1 1 1 1 1
A:(E 1 1 -1 -1 :(Ej -1 -1 1 1
2J1 -1 -1 1 2)-i i i -if
1 -1 1 -1 ol I I B

1 1 1 1 1 1 1 1
C:(E —! —.| | |. ’D:(Ej [ e
2)-1 1 I -l 2)1 -1 -1 1
-1 1 -1 1 ol D I

The BS will indicate to the MS which spreading mais being used by the sector to which the MS bgfovia
TBD signaling/methodology. The pilot symbolg Rre similarly constructedP;x = mjxPy, where Ris the
TBD pilot value to be transmitted by the MS ass@jteethe AFB subchannel and; m given above.



