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Introduction

 Purpose
— Summarize and compare several of the proposed MpMDformats
— Provide basis for further harmonization and addai design
considerations
e Scope
— Examine formats proposed for use with dedicatkedspi
— Examine formats that support up to 4 transmissiceaams
— Did not examine formats for use with broadcagitpil
— Did not examine formats that included control mfation

e Basis for comparison:

— Link-level hull curve
» Shows the throughput taking into account both FEER pilot overhead

— Channel Estimation Mean Square Error (MSE)
e 2-D MMSE channel estimator
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Pilot Formats Considered In this Study

Author Affiliation Contribution

ETRI C802.16m-08/194
Intel C802.16m-08/121r1
LG Electronics C802.16m-08/153
MediaTek C802.16m-08/139r2
Motorola C802.16m-08/123
Nortel C802.16m-08/172r1
Samsung C802.16m-08/188r2
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802.16e Downlink PUSC (PUSC-like)

. 14x4 T
 Overhead: TeTets
— 7.14% per stream is —
 Rate matching assumed  § [ |¢]¢
(l.e., data Is not EV T T
punctured when 3 HE
transmitting streams 3 LT
and/or 4) dfejel
T H
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ETRI's Pilot Format

time

From 08/194 .
d|{d|d|fd]|]d|d

1OX6 D [Ds| d d.D4
-D4 d| d|[Ds]|Ds

Overhead: o afalofale
d|d|d|fd]|d|d

— 6.67% per stream 5 [alalalalala
g' d|{d|d|fd]|d|d

u_v Di[Ds| d | d .D4

-D4 d| d|[Dy]|Ds

d|{d|d|fd]|]d|d
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Intel’s Pilot Formats

e From 08/121rl
e 18x6 (or 12x06)

e Overhead.:
— 3.7% per stream for B
— 5.56% per stream for A

e Format Aisfor 1l and 2
streams

e FormatB Is for 3 and 4
streams
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frequency

-

time

|
d d d d d d
Dy . d | D4 . d
d d d d d d
d d d d d d
d d d d d d
d d d d d d
d d d d d d
d d d d d d
. d | Dy . d | Dy
d d d d d d
d d d d d d
d d d d d d
d d d d d d
d d d d d d
d d d d d d
d D1. d D1.
d d d d d d
d d d d d d
Format A

frequency

-

time >
d d d d d d
d D3] d d . d
Dy | d d d d | Ds
d d d d d d
d d d d d d
d d d d d d
d |Ds]| d d |Ds| d
. d d d d | D3
d d d d d d
d d d d d d
D; | d d d d .
d|[Dy] d d |Ds| d
d d d d d d
d d d d d d
d d d d d d
Ds| d d d d | D4
d . d d |D;| d
d d d d d d
Format B
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LG Electronic’s Pilot Format (type B)

time

e From 08/153

e 18x6

e Overhead:
— 5.56% for one stream ~°=’v

— 11.11% for two streams
— 14.81% for three streams
— 18.52% for four streams

alalalalalalalalalalalalalalalalala
a|P|lalalalala|P|lalalPlalalalalal|lP|a

alalalalalalalalalalalalalalalalala
a [ Plalalalala|P|lala[Plalalalala]lB|a
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MediaTek’s Pilot Format

time

D1.d d | Dy

S © o |o| o a alag
e e |l o | o e | o
e e |l o | o e | o
o [s2] ~ [s2]
a o oo | o a alad

From 08/139r2

18x6
e Qverhead:

Aouanbauy

— 5.56% per stream
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e 18x6

Motorola’s Pilot Format

time

>

D|Py| D D.D

* From 08/123 © |0 [PojRojo)0
D|ID|D|D|D]|D

D.D D|Py| D

D|(D|D|D|D]|D

* Overhead: z [o[o]o[o]0]0
s/ [D|D|Ps|Ps|D|D

— 5.56% for 1 stream tv I0BE E

— 11.11% for two streams b|o|Dfo|D]D
D|ID|D|D|D]|D

— 14.81% for three streams Y BBEE

— 18.52% for four streams il i R I
D|ID|D|D|D]|D

D|ID|D|D|D]|D

D|Py| D D.D

D|(D|D|D|D]|D

D|D|P3|Ps| D|D

D.D D|Py| D
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Nortel’s Pilot Format

e From 08/172r1
e 12X6

e QOverhead:

— 8.3% per stream If single
resource tile allocation

— 6.3% for two resource
tiles in frequency

— 5.6% for three resource
tiles in frequency

— 4.2% for N resource tiles
In frequency (N large)

IEEE C80216m-08/253r1

time

>
Di| d |Ds| d|d|Ds
B ol [« B
Ds| d |Dsf d | d|Ds
d|{d|d|d]|d]|d

& |d|d|d|d]|d]|d

(O]

>

gl |d|d|d|d]|d]d
d{d|d|d]|d]|d
\
Di| d |Ds| d|d|Ds
B ol [« B
Ds|d |Da| d|d|Ds

Note: Only single resource tile format

shown. When concatenated in

frequency the format will have lower

overhead.
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Samsung’s Pilot Formats

e From 08/188r2
e 18x6

e Overhead:
— 2.78% per stream for C
— 5.56% per stream for

B&D

« Format B Is for 2
streams and Is Format D
with D5 and D, replaced
with data (rate matching
IS assumed)
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frequency

-

time >
d d d d d d
D;| d d . d d
d d d d d d
d d d d d d
d D3| d d |Ds| d
d d d d d d
d d d d d d
d d|Dy]| d d .
d d d d d d
d d d d d d
D; | d d |Ds| d d
d d d d d d
d d d d d d
d|Dy]| d d . d
d d d d d d
d d d d d d
d d|Ds3]| d d | Dy
d d d d d d

Format C

frequency

-

>
d|{d|d]|]d|d]d
Dq | D; | Dy . d|] d
d|{d|d]|]d|d]d
d|{d|d]|]d|d]d
d | Dy | D3 | D4 . d
d|{d|d]|]d|d]d
d|{d|d]|]d|d]d

d| d|D;y|D;| Dy .
d|{d|d]|]d|d]d
d|{d|d]|]d|d]d
. d| d|Dgy|D;| Dsg
d|{d|d]|]d|d]d
d|d]|d]|d d
D4 . d| d|Dy]|Ds
d|{d|d]|]d|d]d
d|{d|d]|]d|d]d
D3 | Dy . d | d | Dy
d|{d|d]|]d|d]d

Formats B&D
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Downlink Performance Comparisons

SU-MIMO downlink transmission

e BS:40r8Txantennas *

— 1/2 lambda spacing, vertical — Number of streams adapted to current
polarization, 3 degree angular spread channel conditions
e MS: 2 or4 Rx antennas * — All streams have same TX power
— independent fading — Modulation and coding rate can be

« Doppler/Delay Spread Model * different on each stream
— 3 kph-modified PedB channel, * UL Sounding (TDD):
— 120 kph-modified VehA channel — UL sounding from all MS antennas

Sinale 18x6 file dat simulated with channel estimation
INgIE 1oxXb resource tie data — Sounding matched to resource tile,

allocation (except ETRI which is 10x6) 18dB DL-UL total power difference,
— Dedicated pilots power concentration on UL Sounding
— 2 dB boosting of pilot power — 3 symbol delay from sounding to
e 2-D MMSE channel estimation beginning of DL transmission

— Per-t“e Channe| estimation b RX WeightSZ SUCCGSSive Cance||ati0n
— 3.2 usec window for mPedB  Pilot overhead is accounted for in the
— 3.2 usec window for mVehA if throughput results

SNR<10 dB
— 4.3 usec window for mVehA if

SNR>10 dB

— Doppler window is flat profile with
Doppler frequency matched to mobile
speed

IEEE C80216m-08/253r1 * Follows Case 2 of Evaluation Methodology Documen 12



Results with 3 kph, mPedB
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Throughput Throughput Loss over Best
8 I \ \
—&— MediaTek 7] i —&— MediaTek
7 ——E— Samsung-C 8 ! =& Samsung-C

— Samsung-D o i e Samsung-D
@ —F— Intel Qo —F— Intel
% 6" —=— LG Hectronics ! ! % —=A— LG Hectronics
8 Motorola i i o 200 Motorola
2 St ETRI | | " ETRI
E Nortel :/‘J i 8 Nortel
% 41 802.1(?e PUSC |- - - - ";J 777777777777 o ] §_ 77777777777777777777777777777777 802.16€ PUSC
> | ';’," | | I
23 SR IS E— — B
m A
> l l e
o G L | =
ol N M | | =
= | | ©

| | 8

o T o N [i5)
| | o
10 20 30
SNR (dB) SNR (dB)

Perfor mance Comparisonsfor 4 Tx, 2 RX, 3kph, mPedB

Observations:

Motorola best at SNRs<19 dB
LG, MediaTek, and Samsung-D close to Motorolaiggrenance
Samsung C best at SNRs>18
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Throughput (bits/subcarrier)
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Perfor mance Comparisonsfor 4 Tx, 4 Rx, 3kph, mPedB

Throughput

{
—&— MediaTek
——E— Samsung-C

Samsung-D

—F— Intel
—A— LG Hectronics

Motorola

ETRI

Nortel

802.16e PUSC

SNR (dB)
Observations:
— MediaTek best at SNRs<16 dB
— Intel, LG, Motorola, Samsung-D close to MediaTekhtiRs<18 dB
— Samsung C best at SNRs>16 dB

Percent throughput loss relative to best

Throughput Loss over Best

I [
| |
| |
| |
| |
| |
b mm - A Motorola =
| |
| |
| |
| |
| |
| |
L |

I
—&— MediaTek
=& Samsung-C

Samsung-D

—— Intel
—A— LG Hectronics

ETRI
Nortel
802.16e PUSC

SNR (dB)
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Average DL CE MSE

Channd Estimation M SE Resultsfor 4 Tx, 3 kph, mPedB

4 TX, 2 Rx 4 TX, 4 Rx

10 ,,,,,,,,,,,,,,,,,, j:::::::::::::‘:::::::::::::: 10 :’ :::::::::t::::::::::::j:::::::::::::‘::::::::::::::
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10 | —@—MediaTek  |-====-SG Qg occcccccocsccmeoo) B 100 ) —@— MediaTek
L[| =—6— Samsung-C ::::::::::‘?‘k“ij 1O~ Vit O [| =—6— Samsung-C
i Samsung-D |- ___COTTTTTTNS ] % i Samsung-D
T - S
- —F—Intel = |3 A G>.> - —F— Intel
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10 - SEEEEEEEEEEEEEEEFEEEERL R 10 -
Motorola e e Ay ] E Motorola
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e QObservations:
— All but Samsung-C have similar performance
— MediaTek has slightly better performance than rest
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Perfor mance Comparisonsfor 8 Tx, 2 RX, 3 kph, mPedB

Throughput (bits/subcarrier)

Throughput Throughput Loss over Best
10 [ 30 { \ \
—&— MediaTek 7] : : —&— MediaTek
——O— Samsung-C 8 i i ——E&— Samsung-C
Samsung-D Q25 Samsung-D |
8" —7— Intel Qo i i —F— Intel
—=A— LG Hectronics % ! ! —=A— LG Hectronics
Motorola o 20— :# ———————————— 4: ——————— Motorola =
6 ETRI " : : ETRI
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802.16e PUSC - N S S 802.16€ PUSC
| 3
A <
P o
? i £
R L -
2557 e
255 &
5 1
0 I
-10 0 10 20 30

SNR (dB) SNR (dB)
e Observations:
— Intel and MediaTek best at SNRs<16 dB

— LG, Motorola, Samsung-D close to Intel and Medlkh@eSNRs<16 dB
— Samsung C best at SNRs>16 dB
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Perfor mance Comparisonsfor 8 Tx, 4 Rx, 3 kph, mPedB

Throughput

12 [
—&— MediaTek
—6— Samsung-C
— 10+ Samsung-D
@ —— Intel
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- |
Q ETRI |
1) Nortel |
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S 6 802.16e PUSC |- - - " -~ e i
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e Observations:

Percent throughput loss relative to best

30

25

Throughput Loss over Best

I
—&— MediaTek
=& Samsung-C

Samsung-D

—— Intel
—A— LG Hectronics

Motorola H
ETRI

Nortel
802.16e PUSC |

SNR (dB)

— Intel, Samsung-D, MediaTek, and Motorola bestNiR§<12 dB
— Samsung-C best at SNRs>11 dB

IEEE C80216m-08/253r1
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Average DL CE MSE

Channdl Estimation M SE Resultsfor 8 Tx, 3 kph, mPedB

8 Tx, 2 RX 8 TX, 4 Rx

0
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L[| =—6— Samsung-C [| =—6— Samsung-C DU . 0 '~ T et
i Samsung-D i Samsung-D  |______ B N~ ________|
-| =—%— Intel | ——Intel |-~ 4: —————————

10-37 —4A— LG Electronics -3| | ==& LG Eectronics | R
g Motorola g Motorola L o

| N
ETRI ETRI AR DO B
Nortel Nortel |~~~ B
4 802.16e PUSC 802.16e PUSC | e

10- 1 ) 1 :

-10 0 10 20 30 -10 0 10 20 30

SNR (dB) SNR (dB)
e QObservations:
— All but Samsung-C have similar performance
— MediaTek has slightly better performance than rest
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Results with 120 kph, mVehA



Performance Comparisonsfor 4 Tx, 2 Rx, 120 kph, mVehA

8 I
—&— MediaTek

7 ——E— Samsung-C
— Samsung-D
-
@ 6 —— Intel
% —A— LG Hectronics
(@]
_g 5l Motorola
Q ETRI
-2 Nortel
o 4+ 802.16e PUSC
N
= 1
8_ |
&3 ;
=) |
- |
o |
- L
- |
|_

[EEN
o

SNR (dB)

e Observations:
— MediaTek best at most SNRs

— Intel and Motorola fairly close to MediaTek

Percent throughput loss relative to best

40

35

30

25

20

Throughput Loss over Best

| —— Intel

{
—&— MediaTek
——E— Samsung-C

Samsung-D

—=A— LG Hectronics
Motorola

ETRI

Nortel
802.16e PUSC (/- -1{----—--------

SNR (dB)

— Samsung C&D, PUSC do not perform well in velocity
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Performance Comparisonsfor 4 Tx, 4 Rx, 120 kph, mVehA

Throughput (bits/subcarrier)

Throughput Throughput Loss over Best
9 [ 40 [ \
—&— MediaTek 17 —&— MediaTek i
8| —6&— Samsung-C 8 35| —©—Samsung-C | _____ S S R
Samsung-D o Samsung-D l
7+ —— intel o —F— Intel
—A— LG Electronics .; 30+ —=A— LGHBectronics | | /@7 N
6+ Motorola % Motorola
ETRI 5 20T ER D s 7
5 Nortel a3 Nortel 1
802.16e PUSC = 20 802.16e PUSC |- /- @ . A
Ap-mmmmm e T e 42
=
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K - -3
. £
2”"""";»" St e T N <
9&;’;&" | | | S
1 i R E LT T m ()
1533/ | | | o
0 I | |
-10 0 10 20 30

SNR (dB) SNR (dB)
* Observations:
— MediaTek best at most SNRs
— Intel and Motorola fairly close to MediaTek
— Samsung C&D, PUSC do not perform well in velocity
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Average DL CE MSE

Channel Estimation M SE Resultsfor 4 Tx,

10”7

—&— MediaTek

—E&— Samsung-C
Samsung-D

—%F— Intel

—#A— LG Eectronics

Motorola

ETRI

Nortel

802.16e PUSC

— MediaTek has best CE MSE performance

SNR (dB)
e Observations:

120 kph, mVehA

4 TX, 4 RX

—&— MediaTek
——E— Samsung-C

Samsung-D

—%F— Intel

—4A— LG Electronics

Motorola
ETRI
Nortel

802.16e PUSC

0

10 20 30
SNR (dB)

— Bump in CE MSE around 10 dB due to switching delayead window for MMSE

CE

IEEE C80216m-08/253r1
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Performance Comparisonsfor 8 Tx, 2 Rx, 120 kph, mVehA

Throughput
9 {
—&— MediaTek
8[| —6&— Samsung-C
— Samsung-D
D 7| —— Intel
% —A— LG Electronics
8 6 Motorola
8 ETRI
E 5 Nortel
é 802.16e PUSC
SAb e — 1
o |
< 1
93 g -
o I
c ol o — g L S B
= 2 Jg;‘éﬁ’ | |
B adll I |
S | | |
L oI ____ oo _
1 g9 | |
0" | | |
-10 0 10 20
SNR (dB)

e Observations:

Percent throughput loss relative to best

40

35¢

30

25¢

Throughput Loss over Best

I
—&— MediaTek
——E— Samsung-C

Samsung-D

—5F— Intel
—A— LG Hectronics

Motorola

ETRI !
Nortel 1
802.16e PUSC |

SNR (dB)

— Intel and Lg best at SNRs<8 dB, MediaTek best at Sh&tween 8 dB and 21 dB,
Motorola best at SNRs >21 dB

— Samsung C&D, PUSC do not perform well in velocity
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12

10

Throughput (bits/subcarrier)
(o))

Performance Comparisonsfor 8 Tx, 4 Rx, 120 kph, mVehA

Throughput

{
—&— MediaTek
—6— Samsung-C

Samsung-D

—7— Intel
—A— LG Hectronics

Motorola

ETRI

Nortel

802.16e PUSC

SNR (dB)
Observations:
— MediaTek or Motorola best at SNRs>-7 dB (ETRI @s$SNRs<-6 dB)

— Intel's performance fairly close to MediaTek/Maitar at SNRs<23 dB
— Samsung C&D, PUSC do not perform well in velocity
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Percent throughput loss relative to best
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Throughput Loss over Best
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Channdl Estimation M SE Resultsfor 8 Tx, 120 kph, mVehA

8 TX, 4 Rx

Average DL CE MSE

| ——&— MediaTek
P —©6— Samsung-C
10 +H Samsung-D : Samsung-D
 —%— Intel | —%— Intel
| —A— LG Hlectronics -| —A— LG Eectronics
Motorola L Motorola
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-3 Nortel i Nortel * :
10 ¢ 802.16e PUSC : i I SEEEEEEEEEEEEEEEEEES SEEEERA. 449
T | | " L | | -
-10 0 10 20 30 -10 0 10 20 30

SNR (dB) SNR (dB)
 (Observations:

— MediaTek has best CE MSE performance

— Bump in CE MSE around 10 dB due to switching delayead window for MMSE
CE
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Results with 3 kph, mPedB
Different Pilot Power Boosting
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Perfor mance Comparisonsfor 4 Tx, 2 RX, 3kph, mPedB

Throughput Loss over Best

Throughput

MediaTek, 2 dB boost

—7— MediaTek, 3 dB boost

—&— Intel, 2 dB boost
——E— Intel, 7.4 dB boost
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Observations:

— Boosting by 7.4 dB hurts Intel's performance beeatoo much power is stolen from

the data
— 2 dB power boosting better for Motorola and Medikthan 3 dB

IEEE C80216m-08/253r1
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Summary of Results

e |ntel’'s, MediaTek’s, and Motorola’s formats aré al
fairly robust to the cases simulated

 MediaTek’s format best at 120 kph (mVehA) in terms
of channel estimation MSE

* Results for Nortel were based on single resoulee t
which has a very high overhead (multiple resoulee t
formats will iImprove Nortel’s results)

« Samsung’s and PUSC formats have poor performance
In velocity

* Pilot boosting beyond 2 dB provides no improvement
In throughput
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Considerations for improving all designs:

* Are these pilot formats robust to high delay sgs®a

« Does one format support pilot power boosting bette
than the others?

* What Is the performance when two or more resource
tiles are available in frequency?

e Can performance be improved at low speeds by
dropping pilot density at very high SNRs (>20 dB)?
e |Implementation issues to consider:

— Motorola’s formats do not require the mobile taighe the
one- and two-stream channel estimator when changing
from one and two streams to three and four stréanted’s
does require a change)

— MS channel estimation is simplified with feweettypes

IEEE C80216m-08/253r1 30



