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Downlink Data Subchannel and Pilot Formats:
Overview

* Design considerations and recommendations for:

— Basic “Resource Tile” for Downlink Subcarrier to
Subchannel mapping

— Pilot & Data layout for the basic resource tile
— Dedicated Pilots versus Broadcast Pilots

e Recommendations based on:

— Need to efficiently support the best-performing K2IMO
strategies.

— Comparisons & evaluations based on throughput
simulations accounting for both FER performance jalad
overhead
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Considerations for DL Data Subchannel Design
(1)

* Need to efficiently support high-performance Chbé®op
MIMO transmission methods:

— Beamforming L
_ Single-User MIMO (SU-MIMO) Need to balance
— Multi-User MIMO (MU-MIMO) pilot overhead

e Support up to rank 4 transmission with system
— 2-stream SU-MIMO for handsets performance

— 4-stream SU-MIMO for CPEs / Laptops
— 4-user MU-MIMO for all MS classes

 Enablers for Closed-Loop MIMO transmission:
— T-PD )reciprocitv(UL Sounding / UL transmission) (requires dedicated
pilots
— Codebook feedbadkan use broadcast or dedicated pilots)
— Direct/analog feedbadkequires dedicated pilots)

IEEE C80216m-08/123 3



Considerations for DL Data Subchannel Design

(2)

Need dedicated pilots:

— DL MU-MIMO enabled with TDD reciprocity or with Dect / Analog
Feedback clearly outperforms DL MU-MIMO enabledm@odebook
Feedback

» Dedicated Pilots are requiredhen using TDD Reciprocity or Direct /
Analog Feedback to enable DL-MU-MIMO

Need narrowband subchannels for low speed
— Support frequency selective closed-loop transums&i scheduling

Need diversity subchannels for high speed
— EXxploit frequency diversity

Need self-contained resource tiles

— Better support for the use of dedicated pilots

— Better support for frequency selective transmissiod scheduling

— Can be grouped to support both diversity and mdoramd subchannel
definitions
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Recommendations for DL Subcarrier to
Subchannel Mapping

« Basic Resource Tile (RT) for data subchannels
— 18 subcarriers x 6 symbols sub-block format

o Several versions of the Basic RT are considered¢tommodate
the following:
— Dedicated and broadcast pilots (See C802.16n208/1
— Different numbers of effective transmit antennaspftial streams

» Rate matching is assumed within the tile for fbxy in
supporting different numbers of transmit streamsténnas
— See Contribution C802.16m-08/010

e A subchannel consists of some number (TBD) ofdalgssic RTs
— FEC is performed across the RTs that make up @aubel
— Narrowband subchannel: RTs in a subchannel aseeaalj in frequency
— Diversity subchannel: RTs in a subchannel ardeseat across the band
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Proposed Resource Tile with Dedicated Pilots

time >

P, | D D.D

e Supports arbitrary number of Tx antennas with up gpatial streams

* Notation:
— D=data symbol location
* Spatial streams represent the third dimensioherdiagram to the right

— Pn=pilot transmitted by stream n.
* Other spatial streams are null in those positions

O
O
O
O

* When number of streams is n, then positionstp p, are replaced with data. Dl1b|D|D
— FEC rate matching is assumed 2 plololo
e Overhead: g
— Pilot overhead depends on the transmission rank g D | Ps|Pa] D
* 5.56% overhead for one data stream P,|D| D .
e 11.11% overhead for two data streams \J

* 18.52% overhead for four data streams
— Very small overhead for transmitting a single dsteaam (when using 4 or
more Tx antennas) compared to broadcast pilots

* Channel Estimation:
— Some simple channel estimators possible (e.g., EIMBear interpolation)
— Rays up to 13.1 usec can be estimated using aihgée OFDM symbol for
streams 1 and 2 (higher when considering all pilots
— Pilots available at RT edges (for streams 1 arid Bjprove channel
estimation performance
— Streams 3 and 4 best used for lower speeds

« If streams 3 and 4 have lowest modulation andrgpdates, then higher speeds may be
supported

* RT designed assuming the transmission mode is aftast 2 streams or less

— Time interpolation/tracking possible for streamantl 2 (e.g., MMSE, linear
interpolation)
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Narrowband Subchannels

RT #0
* For frequency-selective T 41
scheduling and multi-user
diversity RT #2
 Important for low velocity Comprises 2 RTs i

frequency in this
example

situations

- Resource tiles comprising a Rm{
subchannel are adjacent /

contiguous In frequency

RT #(k-2)

RT #(k-1)
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Diversity Subchannels

RT #0

* For frequency-non-selective

scheduling T 41

 Resource tiles comprising a RT #2

— Important for high velocity situations | \

subchannel are scattered throughout

the frequency band (coded together), ..

« Clear matching of data with the

dedicated pilots RT#4{

— Avoids the major group restriction in
PUSC where all subchannels assigned

to a major group had to be beamformed

together, which constrained the RT #(k-2)

IEEE C80216m-08/123

scheduling of small packets
RT #(k-1) {

A subchannel
comprises 2 RTs in
frequency in this
example



Performance Comparisons

* Downlink with 4 or 8 Tx antennas (I/2
spacing, vertical polarization) and 2 or
4 Rx antennas (independent fading)

3 degree angular spread at the base, 3
kph, modified PedB channel

« Single RT data allocation

 Codebook Feedback (TDD or FDD):

— Tx weights:
* One weight per RT

« Equal gain for SU-MIMO (modulation
and coding rate can be different on each
stream), number of streams adapted to
current channel

» Weights calculated using subspace
averaging (see Asilomar 2007 paper*)

— 4 bit codebook for 4 Tx and 6 bit
codebook for 8 Tx *

 Midamble used for codebook selection
for dedicated pilots

 Broadcast pilots used for codebook
selection for broadcast pilots

— Codebook indices chosen using DL
channel estimates and fed back error
free

» Eigenvector Feedback (FDD)
— Dominant Eigenvector fed back

IEEE C80216m-08/123

*B. Mondal, et. al., “Rank-Independent CodebookiBedrom a Quaternary Alphabet,” Asilomar 2007.

UL Sounding (TDD):

— UL sounding from all MS antennas
simulated with channel estimation

e Sounding matched to RT, 18dB DL-UL
total power difference, power
concentration on UL Sounding

—  Tx weights:
* One weight fixed over a RT

» Equal gain singular vectors for SU-
MIMO (modulation and coding rate can
be different on each stream), number of
streams adapted to current channel

» Regqularized ZF for MU-MIMO

Ideal user grouping for MU-MIMO:
MSs separated by at least1l®bangle
and have selected different codebook
entries.

MMSE channel estimation on DL
— Dedicated pilots: confined to RT
— Broadcast pilots: over all RTs in
frequency with interpolation across
RTs in time
Rx weights for SU-MIMO: successive
cancellation
Rx weights for MU-MIMOQO: linear
MMSE interference suppression



Broadcast Pilot Format Used In Simulations

time

>
* Notation: | slololololo
— D=data symbol location T515lolola
— Pn=pilot transmitted by antenna n
« Other antennas are null in those positions Pi|Ps| D |Ps]Pr| D
* When number of antennas is n, then positignstp p, are replaced with .P4 D .P8 D
data (FEC rate matching is assumed) lololololo
 Format only for comparison purposes to dedicatledsp _
« Rays up to 15.2 usec can be estimated using csilygee OFDM 5 | °>1°1°%]°]|°|°
symbol g |p|p|p|p|D|D
« (Good time interpolation possible using adjacesbuece tiles (RTS) D|D|D|D|D|D
— Right at the Nyquist rate (in time) for 350 kpt2eh GHz (hence gains P |Ps|D|Ps|P;| D
available at lower speeds) -P D.P >
» Pilot overhead depends on number of TX antennas: Tolslolols
 11.11% overhead for 4 Tx antennas
o 22.22% overhead for 8 Tx antennas bD|D(D|D|D|D
e Channel estimation in simulations: p|p|p|b|p|D
— Three RTs in time plus all RTs in frequency useccfaannel olololololo
estimation
— MMSE channel estimation in frequency followed b¥BE channel A 50 A
estimation in time .P4 D.Pg D
D|D|(D|D|D]|D
D|D|(D|D|D]|D
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8 Tx antennas

Performance Comparisons for SU-MIMO
4 TX antennas
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NOTE: pilot overhead is
accounted for in the
throughput results

SNR (dB)

SNR (dB)
— Better performance for 8 Tx antennas

* Benefits seen by using dedicated pilots
— Better performance at lower SNRs
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Performance Comparisons for MU-MIMO

4 Tx, 2 Rx antennas
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8 Tx, 2 Rx antennas
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2 users

4 users,
, Eigenvector

—O— 4 users,

, sounding

| =—@=— 4 users,

2 users,

= 4 users,

2 users,

sounding
CB-dedicated

CB-dedicated |

CB-broadcast
CB-broadcast

Eigenvector

SNR (dB)

» For sounding (TDD) and Eigenvector feedback (FOND)J-MIMO provides large throughput gains over SU-
MIMO in this channel (at SNRs>5 dB)

UL Sounding (TDD)/Eigenvector feedback (FDD) & d=ded pilots is better than codebook (CB) feeddack

this scenario

» For Codebook Feedback: Dedicated pilots provigeesadvantage with 8 Tx
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For 4Tx, broadcast pilots are marginally bettet,require feed-forward of interferers’ codebookrest
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Additional Topic: MIMO Midamble

 Multi-antenna DL reference signal that enables
the MS to determine the DL multi-antenna
channel from the BS TX antennas

« Used for Precoding feedback, CQI & link
adaptation, adaptation between MIMO modes,
etc.

* Included as an option in 16e (up to 4TX).

* Need this capability in the 802.16m SDD for
upto 8 TX

IEEE C80216m-08/123 13



Outline of Recommendations for the SDD

* Localized resource tile and subchannel configonati
contained in this contribution
— Resource tile layout for dedicated pilots presgiatea baseline
— Subchannel allocation modes: diversity & narrovebaltocation
modes
e Must include support for resource tiles havingidatd pilots
for data allocations

* Must include support for resource tiles havingaaitast pilots
for data allocations

« Frame structure impact:

— SDD must include support for a “MIMO Midamble” ing frame
structure to enable MIMO transmission

— SDD must support feedback channels that suppoi€hAdnnel
Sounding / Direct/Analog feedback methods

IEEE C80216m-08/123 14



Specific Text Recommendations for
SDD Section 11 — PHY Layer (1)

e Section 11.x: localized resource tile format foe downlink
data channels

— A localized resource tile (RT) format is supponwath
dedicated pilots for self-contained channel esiomat As
shown in the figure, the basic RT is 18 subcartgré symbols
and supports an arbitrary number of transmit arenihe RT
supports up to four spatial streams, where eadimptream
can be viewed as the third dimension (not shownh®RT. In
the figure, the symbols labeled “D” are data symbocéations
where each spatial stream transmits a data syniiba.symbols
labeled Pn are locations where stream n transnpil@tasymbol
and all other streams transmit null symbols. Rdoations for a
stream that is not transmitted are replaced wita ggmbols D.
In other words, if the number of transmitted streasnequal to
m, then pilot locations Pm+1 through P4 are replaggh data
symbols D. FEC rate matching is assumed througiheuR Ts
that make up a subchannel.
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Specific Text Recommendations for
SDD Section 11 — PHY Layer (2)

Section 11.y: Grouping RT#0
resource tiles into data
subchannels T

— A subchannel comprises one
or more resource tiles (RTSs),
where FEC is performed
across the RTs that make up RT#2
a subchannel. Two types of
subchannels are defined.
First, a narrowband
subchannel comprises one to
TBD RTs, where all RTs in
the subchannel are adjacent
in frequency. Second, a RT #4
diversity subchannel
comprises two to TBD RTs,
where all RTs in the
subchannel are separated in
frequency in a manner that igr #x-2)
TBD. FEC with rate
matching is assumed across
the RTs that make up a
subchannel. RT #(k-1)

RT #3

|

{

{

Narrowband Subchannel

RT#0 {
RT #1
RT #2
A narrowband
subchannel i i
comprises 2 RT#3 £ behanre
adjacent RTs in comprises 2
frequency in this RTs Fi)n
example RT #4 frequency in
this example
RT #(k-2)
RT #(k-1) {

Diversity Subchannel
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Specific Text Recommendations for
SDD Section 11 — PHY Layer (3)

e Section 11.d: Support for UL Feedback Channels

— The frame structure provides feedback channels for
supporting UL channel sounding and/or direct/analog
feedback methods for enabling beamforming, SU-MIMO,
and MU-MIMO transmission on the DL.

e Section 11.e: Support for MIMO midamble

— The frame structure supports the scheduling of M
Midamble for sounding the multi-antenna downlink
channel to enable SU-MIMO and MU-MIMO.

IEEE C80216m-08/123 17



