IEEE C802.16m-09/0236

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

Title DL MIMO Text for the |[EEE 802.16m Amendment

Date 2009-01-07

Submitted

Source(s) Fred Vook, Bishwarup Mondal, Fan WangE-mail: fred.vook@motorola.com
Mark Cudak, Eugene Visotsky, Bill Hillery
Motorola Inc.

Re: IEEE 802.16m-08/053r1, “Call for Contributiomrs Project 802.16m Draft Amendment
Content” providing text for the topic of “DownlindIMO”

Abstract The contribution provides DL MIMO text fhre IEEE 802.16m amendment.

Purpose To be incorporated into the initial IEER.86 amendment

. 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 offeredaalsasis for discussion.
It is not binding on the contributor(s), who resgs) the right to add, amend or withdraw materaitained herein.
The contributor grants a free, irrevocable licetosthe IEEE to incorporate material contained is ttontribution,

Release and any modifications thereof, in the creationmfBEE Standards publication; to copyright in tB&€E’s name any
IEEE Standards publication even though it may idelportions of this contribution; and at the IEE&d$e discretion
to permit others to reproduce in whole or in phet tesulting IEEE Standards publication. The cbatar also
acknowledges and accepts that this contribution loeagnade public by IEEE 802.16.
The contributor is familiar with the IEEE-SA Patéttlicy and Procedures:

Patgnt <http://standards.ieee.org/guides/bylaws/sect6-T#tmand

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

Further information is located ah#p://standards.ieee.org/board/pat/pat-materraltnd
<http://standards.ieee.org/boardfpat




© oo ~N OO O B~ W DN P

[E=Y
o

11
12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40

41
42

43
44
45

IEEE C802.16m-09/0236

Downlink MIMO Text for the IEEE 802.16m Amendment

Fred Vook, Bishwarup Mondal, Fan Wang, Mark Cudak, Eugene Visotsky, Bill Hillery

Motorola Inc.

1. Introduction

This contribution proposes the text for DL-MIMO be included in the 802.16m amendment. The proposed
text is developed so that it can be readily condingh IEEE P802.16 Rev2/D8 [1], it is compliant ttoe
802.16m SRD [2] and the 802.16m SDD [3], and iofek the style and format guidelines in [4].

2. Outline

The following is a high level outline of the progalsDL MIMO text:
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Text proposal for inclusion in the 802.16m amendment

------------------------------- Text Start  --———---~~—=m=mmmmmmmeem e

Insert a new section 15:

15. Advanced Air Interface

15.3.Physical layer

15.3.5.

15.3.6.

15.3.7.

15.3.8.

15.3.9.

15.3.10. Downlink MIMO Transmission Schemes

15.3.10.1. Antenna Configurations Supported

The ABS employs a minimum of two transmit antenriBise AMS employs a minimum of two receive
antennas. The antenna configurations &ke Kr) = (2, 2), (4, 2), (4, 4), (8, 2), (8, 4), andgBwhereNy
denotes the number of ABS transmit antennad\gdenotes the number of AMS receive antennas.
15.3.10.2. DL-MIMO Architecture and Data Processing

The general architecture of downlink MIMO on thertsmitter side is shown in Figure 1.

In SU-MIMO, only one AMS is scheduled in a resouatiecation. In MU-MIMO, more than one AMS is
scheduled in a resource allocation.

A “layer” is defined as a coding / modulation p&thd to the MIMO encoder as an input. Vertical ating
is supported (Single Codeword or SCW), which meahage is only one encoder block (one “layer”) faclke
AMS assigned to the resource allocation. A “stresmefined as an output of the MIMO encoder tisat
passed to a beamformer / precoder.
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Figure 1 MIMO Architecture

The encoder block contains the channel encoder)éaver, rate-matcher, and modulator for eactrlaye

The Resource Mapping block maps the modulated slgbdhe corresponding time-frequency resources in
the allocated resource units (RUSs).

The MIMO encoder block maps the L=1 layer onMy (2L) streams, which are fed to the
Beamformer/Precoder block.

The Beamformer/Precoder block maps streams to aateby generating the antenna-specific data symbols
according to the selected MIMO mode.

The OFDM symbol construction block maps antennaifipelata to the OFDM symbol.
The feedback block contains feedback informatiazhsas CQI and CSI from the AMS.

The scheduler block will schedule AMSs to resowrnés and decide their MCS level, MIMO parameters
(MIMO encoding mode), and determine the feedbadketoequested from the AMS.

The mapping from layers to streams depends onpgheifc MIMO mode being employed by the MIMO
encoder block, where the collection of supportedvil modes will be described below. The MIMO
encoder in each MIMO mode operates in batch mode EmgthM vector of input modulation symbois
and produces Bs x Nr STC matrixz.
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z=5(x), Equation 1

whereNs is the number of streamble is the number of subcarriers occupied by the dutpuhe MIMO
encoder, and S(x) is the mapping function of th&KImode.

The mapping from thals streams to thdl; antennas is defined by the following formula:
y =W x§(x), Equation 2

where vy is theN; x Ng output of the precoder/beamformi, is aNxNs pre-coding matrixS(x) is an STC
matrix according to the MIMO mode, ards the length M vector of input symbols.

All supported MIMO modes may be employed in contigsi or distributed resource allocations.
15.3.10.3. Transmission Modes for Data Channels

15.3.10.3.1. Single User-MIMO

15.3.10.3.1.1. Open-Loop SU-MIMO

15.3.10.3.1.1.1. Overview of Supported Modes

The following table lists the MIMO encoding modes 2 transmit antennas at the ABS.
MIMO Type Description | Nt Rate | M Ng Ne
Encoding
Mode
0 TX Rank 1{ 2 1 1 1 1

Diversity Precoder
1 TX SFBC 2 1 2 2 2
Diversity
2 Spatial Rate 2 SM| 2 2 2 2 1
Multiplexing | with
Precoding

Table 1 Matrix dimensions for open-loop SU-MIMO modes Btransmit antennas at the ABS

The following table lists the MIMO encoding modes # transmit antennas at the ABS.
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MIMO Type Description | Nt Rate | M Ng Ne
Encoding
Mode
0 X Rank 1{ 4 1 1 1 1
Diversity Precoder
1 TX SFBC with| 4 1 2 2 2
Diversity Precoder
2 Spatial Rate 2 SM| 4 2 2 2 1
Multiplexing | with
Precoding
3 Spatial Rate 3 SM| 4 3 3 3 1
Multiplexing | with
Precoding
4 Spatial Rate4SM | 4 4 4 4 1
Multiplexing

Table 2 Matrix dimensions for open-loop SU-MIMO modes fbtransmit antennas as the ABS

The following table lists the MIMO encoding modes 8 transmit antennas at the ABS.
MIMO Type Description | Nt Rate | M Ns Ng
Encoding
Mode
0 TX Rank 1|8 1 1 1 1

Diversity Precoder
1 TX SFBC with| 8 1 2 2 2
Diversity Precoder
2 Spatial Rate 2 SM| 8 2 2 2 1
Multiplexing | with
Precoding
3 Spatial Rate 3 SM| 8 3 3 3 1
Multiplexing | with
Precoding
4 Spatial Rate 4 SM| 8 4 4 4 1
Multiplexing | with
Precoding

Table 3 Matrix dimensions for open-loop SU-MIMO modes &transmit antennas at the ABS

For each resource allocation (one or more LRU®,MiMO encoding mode is signaled in the allocation
grant message as described in Section (DL-Control).
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15.3.10.3.1.1.2. Transmit Diversity Modes
The transmit diversity modes are the rate 1 MIMQ@atting Modes listed in Tables 1 through 3 (Modes 0
and 1 forN=2, 4, and 8). Mode 0 h&d=1 and Mode 1 hasl=2, whereM is the number of modulation
symbols that are batch processed by the MIMO encaide time.
For the transmit diversity modes wili=1, the MIMO encoder operates on one symbol aine,tiand the

input to MIMO encoder is x55. The output of the MIMO encoder is a scalar, z=Xhe output of MIMO
encoder is multiplied by aN; x 1 matrixW, whereW is described in Section 15.3.10.2.

y=Wxz= "." |, Equation 3
YN, 1

wherey; is the output symbol to be transmitted via jtitle physical antenna on tiketh subcarrier.

For the transmit diversity modes with=2, the MIMO encoder operates on two symbols &ha,twhere the
input to the MIMO encoder is represented a 2 xctore

2]
> , Equation 4

The output of the MIMO encoder is a Space-Frequd&iogk Coding (SFBC) matrix.
:Fl-é}
2 5 , Equation 5

The output of the MIMO encoder is then multiplieg X x 2 precoding matrix W, where W is described in
Section 15.3.10.2.

y=Wxz=| "~ . , Equation 6
yNT,l yNT,Z yNT,NF

wherey; is the output symbol to be transmitted via jtile physical antenna on tlieth subcarrier. Notég
is the number of subcarriers used to transmit thI® signals derived from the input vector x. Fbet
transmit diversity modedN: = M=2. For open-loop SU-MIMO, the rate of a mode isfitkd as

R=M/N;.
15.3.10.3.1.1.3. Spatial Multiplexing Modes
The MIMO Modes listed in Tables 1 through 3 withesagreater than 1 are the spatial multiplexing esod

(Modes 2, 3, 4 folN=2, 4, and 8). For the raRespatial multiplexing modes, the input and the atipf
MIMO encoder is represented by Brx 1 vector
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X=z=| |, Equation 7

The output of the MIMO encoder is then multipliedthe Ny x R matrixW, whereW is described in Section
15.3.10.2.

Y
y

y=Wxz= 21 , Equation 8
Yn, 2

wherey; is the output symbol to be transmitted via jtile physical antenna on tliketh subcarrier. Notég

is the number of subcarriers used to transmit thigl®™ signals derived from the input vector x anceéuial
to one for the spatial multiplexing modes.

15.3.10.3.1.1.4. Precoding the Pilots and Data for OL-SU-MIMO

When precoded (dedicated) pilots are used, theogezamatrix is held fixed across a PRU but may gkan
from PRU to PRU. The pilots in the PRU that arsoagated with antenriaare precoded with th& column
of W.

When non-precoded (broadcast) pilots are usedptbeoding matriX\W shall be chosen from the TBD
codebook. The methodology for selecting whitlis to be applied is TBD.

15.3.10.3.1.1.5. Precoder Cycling over subband and subframes for OL-SU-MIMO
The precoding matrix is fixed within one subband anay change from one subband to another subband.
The array of precoder matrices allocated within eabframe may change from one subframe to another
subframe. The array of precoder matrices allocaiéitn one subframe repeats afiésubframes, wheri
is configured by ABS and indicated to AMS through Broadcast signaling.

15.3.10.3.1.1.6. Feedback for OL-SU-MIMO

As described in Section (UL-Control), to support-SU-MIMO in FDD systems and TDD systems, a
mobile station may feedback some of the followinfpimation in open-loop SU-MIMO mode:

« Desired transmission rank. Note that for rahkthe rank directly equals MIMO encoding mode,
but also note that MIMO encoding modes 0 and lbatk rank 1.

¢ Sub-band selection

e CQI (Wideband or sub-band)

15.3.10.3.1.2. Closed-Loop SU-MIMO

For closed-loop SU-MIMO, all the MIMO encoding madend associated descriptions in Section 15.31.0.3.
are supported. The allocation grant indicates WiNEMO encoding mode is being used on the resource

8
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allocation. For Closed-Loop SU-MIMO, the AMS prdes feedback intended to assist the ABS in
determining theW matrix that follows the MIMO encoder. The feedkabat supports Closed-Loop
SU-MIMO is described in Section 15.3.10.3.1.2.2.
15.3.10.3.1.2.1. Precoding the Pilots and Data for CL-SU-MIMO
When precoded (dedicated) pilots are used, theogezamatrix is held fixed across a PRU but may gkan
from PRU to PRU within a resource allocation. Tilets in the PRU that are associated with anterara

precoded with thé" column ofWw.

When non-precoded (broadcast) pilots are usedptbeoding matrixWW shall be chosen from the TBD
codebook. The methodology for selecting whikhis to be applied is TBD.

15.3.10.3.1.2.2. Feedback for CL-SU-MIMO

As described in Section (UL-Control), to support-SU-MIMO in FDD systems and TDD systems, a
mobile station may feedback some of the followinmfpimation in Closed loop SU-MIMO mode:

« Rank (Wideband or sub-band). Note that for eehkhe rank directly equals the MIMO encoding

mode (See Table 1, Table 2, and Table 3), but radée that MIMO encoding modes 0 and 1 are
both rank 1.

e Sub-band selection

e CQI (Wideband or sub-band)

«  PMI (Wideband or sub-band for serving cell)

e Long-term CSI
Two forms of feedback are supported for assistilugear-loop SU-MIMO: codebook feedback and UL
Channel Sounding. The UL Channel Sounding Chaisngéscribed in Section (UL Control). Codebook
feedback is described in Section 15.3.10.3.1.2&s discussed in Section (UL-Control), the feedback
information may be transmitted via a physical lag@ntrol channel or via a higher layer signalingsazgye.

15.3.10.3.1.2.3. Codebook Feedback for CL-SU-MIMO

For codebook based precoding, two different feekllmagdes for the PMI are supported: standard mode an
adaptive mode

In the standard mode, the PMI feedback from a readidtion shall represent an entry of the basebmade
For 2 Tx antennas at an ABS, the base codebogesfed as follows: [TBD]
For 4 Tx antennas at an ABS, the base codebogesfed as follows: [TBD]
For 8 Tx antennas at an ABS, the base codebogesfed as follows: [TBD]

In the adaptive mode, the PMI feedback from a neobthtion shall represent an entry of the transéorm
base codebook according to long term channel irdiom.  [Methodology TBD]

15.3.10.3.1.3. Mapping the MIMO precoder output to subcarriers for SU-MIMO

As mentioned in Section 15.3.10.2, the MIMO encanfegrates oM modulation symbols at a time from the
output of the encoder block. Each blockhfsymbols are ultimately transformed into te<Ng y matrix
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that specifies the signal to be transmitted on Rhetransmit antennas oveM: successive carriers, as
described in Sections 15.3.10.3.1.1.2 and 15.31.0.3. Each successive block Mf symbols from the
encoder block is mapped to successive groupdoftontiguous physical subcarriers belonging to the
resource allocation, starting with the uppermostsptal subcarrier of the first symbol interval bétresource
allocation, continuing down the band to the lowestrghysical subcarrier of the resource allocation then

to the uppermost subcarrier of the second symbdh@fresource allocation, and so on until the |omast
subcarrier of the last symbol interval of the reseuallocation is reached.

15.3.10.3.2. Multi-User-MIMO
15.3.10.3.2.1. Precoding for MU-MIMO

For MU-MIMO, more than one AMS is assigned to aorgse allocation. In MU-MIMO, the MIMO
encoder operates witli=Ns=R, N-=1, whereNs is equal to the numbdR of users assigned to the resource
allocation. ForR users being multiplexed on a resource allocatiba, input and the output of MIMO
encoder is represented byRmx 1 vector:

X=z=| |, Equation 9

wheres is the data symbol for th& AMS assigned to the resource allocation. The wup the MIMO
encoder is the multiplied by; x R matrix W,

Y
_ _| Ya :
y=Wxz=| ".” |, Equation 10
Yn; 1

wherey; is the output symbol to be transmitted via jtile physical antenna on tlieth subcarrier. Notég

is the number of subcarriers used to transmit thigl®™ signals derived from the input vector x anceéuial

to one for MU-MIMO. Mapping thg matrix to antennas and subcarriers follows therig$on in Section
15.3.10.3.1.3. Thé&V matrix is constant over a PRU and may change fRRU to PRU. The pilot
subcarriers in the PRU are precoded in the same agayhe data subcarriers, meaning that the pilot
designated for antenmas precoded with th&" column ofW. ~Similarly, the data symbol intended for AMS

i is precoded with th&" column ofw.

For each resource allocation in which MU-MIMO iseds the number of usel® and which stream is
assigned to the AMS is signaled in the allocaticang

15.3.10.3.2.2. Feedback for MU-MIMO

As specified in Section [UL Control], three formisfeedback may be used to support MU-MIMO: codebook
feedback, UL Sounding, and analog-feedback. FoiSdunding-based MU-MIMO, the W matrix may be
determined based on the UL sounding signal tramsdhiby the AMS. For analog feedback-based
MU-MIMO, the W matrix may be determined based on the analog &dbignal transmitted by the MS.
Codebook feedback for MU-MIMO is described in Sewetl5.3.10.3.2.3

In FDD systems and TDD systems, a mobile statioy feadback some of the following information in
MU-MIMO mode:

10
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e Sub-band selection

* CQI (Wideband or sub-band, per layer)

« PMI (Wideband or sub-band for serving cell and/eighboring cell)

¢ Long-term CSI
For CQI feedback, the mobile station measures tiventink pilot channel reference signal or the datid
pilots in the allocated resource unit, computesctignnel quality information (CQI), and reports @@l on
the uplink feedback channel. Both wideband CQI sugband CQI may be transmitted by a mobile station.
Wideband CQI is the average CQI of a wide frequelmaynd. In contrast, sub-band CQI is the CQI of a
localized sub-band. The CQI is calculated at théiteostation assuming that the interfering usees ar
scheduled by the serving base station using presooi¢hogonal to each other and orthogonal to the
reported PMI.
15.3.10.3.2.3. Codebook Feedback for MU-MIMO

For codebook based precoding, two different feekilmacdes for the PMI are supported: standard mode an
adaptive mode.

For the standard mode, the PMI feedback from a Imabation shall represent an entry of the baseloook.
For 2 Tx antennas at an ABS, the base codebogetsfed as follows: [TBD]
For 4 Tx antennas at an ABS, the base codebogesfed as follows: [TBD]
For 8 Tx antennas at an ABS, the base codebogesfed as follows: [TBD]

For the adaptive mode, the PMI feedback from a hlaatiation shall represent an entry of the tramséat
base codebook according to long term channel irdéion.  [Methodology TBD]

The MU MIMO codebook contains subsets of the udifeodebook (including full set) to support both
unitary and non-unitary precoding. When codeboagenl feedback is used, the ABS indicates which
codebook subset (including full set) will be usegleitly or implicitly.

15.3.10.4. Transmission Modes for Control Channels

15.3.10.4.1. Transmission for Broadcast Control Channel

For the broadcast channel, MIMO Encoding Modesdlare supported for all valuesidf. The PBCH is
encoded with MIMO Encoding Mode 0. As discusse&éattion (DL Control), the PBCH indicates which
MIMO Encoding Mode is used for the SBCH.

15.3.10.4.2. Transmission for Unicast Control Channel

For the unicast control channel, MIMO encoding M®@eand 1 are supported for all valuedNaf

11



