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High level summary

 The document present beamforming performance in the
sense of PHY layer simulation and MAC layer set-up time
calculation. Both of them show that proposed
beamforming procedure is feasible for implementation.

 The document also provides a resolution to command 150
shown as follows
— Command: Beamforming protocol has not been tested

— Suggested from owner: provide simulations on why and how the
beamforming can provide High rate transmission and articulate the
delay associated to beamforming
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Contents

 The PHY layer beamforming performance
IS evaluated assuming phase shifter is not
ideal, but with some phase errors.

The MAC layer set-up time is calculated
for one-to-one communication link.
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Performances of gain loss, defined as gain
degradation at the direction of maximum gain, Is
evaluated by assuming the phase shifter has phase
errors.

The gain loss is calculated by comparing gain
difference between two cases with/without phase
error.

The phase error is modeled as uniform distribution

with 0 mean and standard variance following either of

following two cases:

— Case 1: The Gaussian noise is independent of absolute
phase shift. The phase error of each phase shifter is

Independent of each other with the same standard
variance.

— Case 2: The Gaussian noise depends on absolute phases,
with standard variance proportional to the absolute phase.
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Case 2 is considered due to the measured phase error at
60GHz shown as follows

TABLE I
MEASURED PHASE ERROR OF THE Two-BIT PHASE SHIFTER AT 60 GHz
Phase state 0° 45° 90° 135°
Measured phase shift 0° 41.5° 84.3° 128.7°
Phase error 0° 3.5° 5.7° 6.3°
TABLE 1II
MEASURED PHASE ERROR OF THE THREE-BIT PHASE SHIFTER AT 60 GHz
Phase state 0° 45° 90° 135° 180° 225° 270° 315°
Measured phase shift 0° 39.9° 81.1° 120.1° 143.0° 180.0° | 222.1° | 265.5°
Phase error 0° 5.1° 8.9° 14.9° 37.0° 45.0° 47.9° 49.5°

J.Park, H. Kim, W.Choai, Y. Kwon, Y. Kim, “V-Band Reflection-Type Phase
Shifters Using Micromachined CPW Coupler and RF Switches. ”, IEEE Journal

of Mricroelectromechanical Systems, Vol. 11, No. 6, pp.808-814

Submission

Slide 6

Junyi Wang, NICT



September, 2008 doc.: IEEE 802.15-08-0687-00-003c

Conclusions from PHY layer
beamforming simulations

The designed codebook is robust to the phase error.

The gain variation is lower than 1dB with 90% outrate probability
when standard variance of phase error is 0.5 [28.6 degree] for each
of phase shifters.

The larger the phase error, the larger the gain degradation when
phase error of each phase shifter has the same distribution with the

same standard variance.

When standard variance of phase error is proportional to absolute
phase shift, the gain degradation is in general lower than the case
with standard variance =0.5 although the phase error for 270 in this
exampleis 1.
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Beamforming with codebook of 2
antenna elements

« Codebook ID: 0000
« Two elements separated by 1/2;

v oyt
« Codebook = two orthogonal i

beamformer (combiner) vectors given
by the columns of matrix W;

+1 +1]
-1 +1/
| -
Codehook vector ID - HPBW, Do
0 Qo 1200 3.01 dB
1 aQe Bp0e 3.01 dB

180¢

HPEM=120°,0, =30 ¢B, & =0F
——— HPEWI= 60°, 0, =3.0 4B, 8, =80
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Gain loss with phase error (Standard
variance = 0.5 [28.6 deareel)
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Gain loss due to phase error with
different standard variance
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Beamforming with codebook of 4 antenna

elements
Codebook ID: 0011

Four elements separated by 4/2;

Codebook = four orthogonal beamformer
(combiner) vectors given by the columns of
matrix W:

+1 +1 +1 +1] o
-1 —-j +1 +j
W=
+1 -1 +1 -1
-1 +5 +1 —j
Codebook vector ID - HPBW, D
1a0®
0 o o .
1 _{] A ?gﬂ 6.02 ch HFBEYW=T4", DMZE.I:I db, amax: o=
60 31_ 6.02dB —— HPEW=31".D,_ =50 0B, 8_ = &0’
- 90e 26° 6.02 dB —— HFEW=26",D,_ =50 B, §,_ = 90"
3 1200 310 6.02 dB — HPEW=31°,D_ =5.04B, 0 =12
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Gain loss with phase error (Standard
variance = 0.5 [28.6 degree])

CDF
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Gain loss due to phase error with
different standard variance
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Beamforming with codebook of 8 antenna

elements
Codebook ID: 1011

Eight elements separated by A4/2;
Codebook = 8 orthogonal beamformer (combiner) vectors given by the columns of W

2
_ _ 0"
'+l +1 +1 +1 +1 +1 +1 +1
=1 =j =) =) 4l +j o+ 4]
'+l +5j -1 —-j +1 +j -1 —j
=1 41 4+ -1 41 -1 —j +1
W=
'+ -1 +1 -1 +1 -1 +1 -1
el S e B B A A |
'+l -5 -1 +j +1 —-j -1 +j
-1 -1 +7 +1 +1 +1 —-j -1
Codebook vector ID B HPBW, [
0 oe 55.20 9.03 dB
1 42 50 19.6° 8.38 dB
60.0° 15.10 9.03 dB e
HRENW=55" Dm=9|] dB, Bm“= il
3 74.8¢° 13.50 8.38 dB ——HPEW=T O =B4dB A =47
— HPEM=15" O =40 d8, =
4 90.0° 13.1° 9.03 dB —Hpmur:mﬂnm:m B, 8, =7E
3 105.2° 13.50 8.38 dB :Eﬁ}igm:gﬂgg%;g
o o —— HPEW=15" 01 =50 dB, =14
6 120.0 15.1 9.03 dB HPEW=20° [} =84 dB, & =137
7 137.5° 19.6° 8.38 dB
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Gain loss with phase error (Standard
variance = 0.5 [28.6 degree])
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Gain loss due to phase error with
different standard variance
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Beamforming set-up time
calculations
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Assumptions
« The command mode is used for
beamforming set-up

e There are no transmission errors and no
retransmissions.

o Systemis AAS (Asymmetric Antenna
System) or SAS (Symmetric Antenna
System)
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C ents

The beamforming
for implementation.

Associlation with directional antenna can be
completed around 500us (AAS,maximum 4
Quasi-omni).

Sector level training can be completed within
210us (AAS,maximum 4 sectors)

Beam level training can be completed within
550us (AAS,maximum 8 beams)

DEV-DEV communication link can therefore
be established around 1.26ms

n SD

et-up time Is short enough
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Time duration for each part of

superframe

(1) PHY preamble (long) 3.259us

(2) Channel estimation sequence 0.593us

(3) Training sequence (1)+(2) 3.852us

(4) PHY header (10 octets) 1.581us

(5) MAC header (15 octets) 2.372us

(6) SIFS 2.5Us

(7) Guard time between 2 cycles 62.5ns

(8) Feedback IE (32 bits) 0.632us

(9) Mapping IE (40 bits) 0.791us
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Association with directional antenna

Minimal length of a S-CAP

S-CAP Association Association Association Association
(1. SIFS req - SIFS req #1200 | GT req 2 GT req #1 S-CAP

1212us  25us 7 5us*4 9.74%us 2.5us 62.5ns 62.5ns 10412us  7.5us*4

Duration = (2*Backoff+(Assoc.Req+GT)*DEV_TX NUM+Assoc.Res+2*SIFS+ACK)*PNC_RX NUM

Procedure

Scanning in order to receive any of beacon from PNC

Sensing channel inside S-CAP (DEV)

Sending Association.req from each of transmission direction of DEV
Waiting for Response

Responding from PNC (obtaining DEV ID from PNC)

Sensing channel inside S-CAP (DEV)

Sending Association.req with obtained DEV ID

Waiting for ACK

Obtain ACK from PNC, association successful

©ONOOAWNE
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Numerical example for directional association
(starting from receiving one of directional beacons)

00
AR0 b ............................ ............................ -
E 1 A I NAIEE -
S : — - — - Number PNC Rx Direction=1
< RO b SRR Mumber BNG B Direction=d |
H : Mumber PNG Rx Direction=4
.5 A0 EEEEEEREEEERES e -
D : 5
o : :
A | P e e .
A . .
11 S T e e |
g : :
j
T T EREREEE LR LR T RR -
00 F et s o s T T T __ TR _
1 2 3 4

Mumber of DEV Tx directions
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Set-up time for AAS sector level

3.852us | Long Long 3.852us| Long Long
CES SYNC CES SYNC
(J19%3 852+0.0625)us (J*"*3.852+0.0625)us
ol ST #3001 ST #1 ST #0 ol ST #3201 ST #1 ST #0
= st sl |7 s - s Sg(zz}t)) N S8 > s [T s - 55| sl > s
JE0#(J1D%3 85240.0625)us JUD#(J20%3 85240.0625)us
Sector training Sector training Sector training Sector training Sector training Sector training
cycle #J*Y - 1 cycle #j*Y cycle #0 cycle #JM- 1 cycle #"Y cycle #0
I repetitions JUD repetitions JUD repetitions JZN repetitions J" repetitions J@" repetitions
7.212us 8.0030us 8.0030us 7.844us 7.844*3 " ys
w| DEVI-DEV2 | | DEV2-DEVI | | DEVI-DEV2 | | DEV2-DEV1 | | DEVI-DEV2 | | Sector training | | Sector training
a Imm-ACK 5 Mapping a Mapping a Feedback 5 Feedback a DEV2—DEV1 a DEV1—DEV2
st > st |7 st > sl | 7] si o> st | 7] st sl |7 3" repeitions | #1329 eyeles I cycles
Acknowledgment Sector-beam mapping Sector feedback Sector training

JUD#(JED%3 852+0.0625)+I*V*(J10*3.852+0.0625)+7.844* (1+JV)+2#8.003+7%2.5+7.212

Maximum duration is 203.7us (maxmum 4 sectors for both Tx and Rx of DEV1

and DEV2

DEV1 (J(1,t) transmit sectors, J(1,r) receive sectors)
DEV2 (J(2,t) transmit sectors, J(2,r) receive sectors)
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Set-up time for AAS beam level training

3 . 85 2 us Ié(]);:lsg SYNCbeamimode 3 . 85 2 us LéOEnSg SYNCbeamimode
(K19%3.852+0.0625)us (K*V*3.852+0.0625)us
o | BT #K1 - BT #1 BT #0 o | BT #K - 1 BT #1 BT #0
— B(z,t) B(Lr) °e B(z,t) (Lr) B(z,t) B(1,r) us | B(l,t) B(z,r) °e B(l,t) (2r) B(l,t) B(z,r)
20 Bl ) > B (2 > By (0 B (1) > B (1) By

K®0%(R(19%3 85240.0625)us KM#(K0%3.852+0.0625)us

Beam training
cycle #0
K®" repetitions

Beam training

cycle #k™)

K®" repetitions

Beam training
cycle #K- 1
K®" repetitions

Beam training
cycle #0
K" repetitions

Beam training

cycle #£%

K" repetitions

Beam training
cycle #K*) - 1
K" repetitions

7.212us 8.0030us 8.0030us 7.844us 7.844us
»| DEVI-DEV2 | | DEV2-DEVI | | DEVI-DEV2 | | DEV2-DEVI | | DEVI-DEV2 | | Beam training | | Beam training
a Imm-ACK a Mapping 5 Mapping 5 Feedback 5 Feedback 5 DEV2—DEV1 5 DEV1—-DEV2
Lt 2,r 2t Lr 1t 2r (21) (Lr) (1) (2.r) 2,0 L1
BIE(“)) _)Bl(((z,rg Bl(((z,t)) _>a£(1,r)) Bli(l,t)) _)Bi(lf)) Sj(z,u _)Sj(l‘r) Sj(llj _)Sj(lf) K( CyCIeS K( CyCICS
Acknowledgment Beam to HR beam mapping Beam feedback Beam training

K% (K30%3 852+0.0625)+K > (K!'0*3.852+0.0625)+7.844us*2+2* 8.003+7*2.5+7.212

Maximum duration is 550.46us (maximum 8 beams per sector for both Tx and Rx
of DEV1 and DEV2)

DEV1 (K9 transmit beams, K1) receive beams)
DEV2 (K@Y transmit beams, K@ receive beams)
Slide 24
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Set-up tim o for CAQ caort loval traininn
(& ) W |J Lilld I 1IVI IrM\J (S ] § 1 \"AWY | Llalllllly
Long Long
3.852us CES SYNC
(J?*3.852+0.0625)us
ST#J? - 1 ST #1 ST #0
Sls 5@ [ g 50 | g0 g
Sj(l) =S, Sjm -5, Sj(l) - S,
JD#(JP*3.852+0.0625)us
Sector training Sector training Sector training
cycle #JD-1 |+e- cycle # oo cycle #0
J? repetitions J? repetitions J? repetitions
7.212us 8.0030us 8.0030us 4.585* /Vys
7 DEV1—DEV2 w»n | DEV2-DEVI | | DEVI-DEV2 | DEV2—DEVI A Sector training
= Imm-ACK = Mapping = Mapping = Feedback = | DEVI—-DEV2
21 s s | s( N S(1> 2 S}‘(?) N sggg) 21 JY repetitions | “ JY cycles
j i
Acknowledgment Sector-beam mapping Sector feedback Sector training

JV*(JP%3 852+0.0625)+7.844us* J+2* 8.003+5%2.5+7.212

DEV1 (J® sectors) and DEV2 (J®@ sectors)
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Numerical example for SAS sector
Ievel tralnlng

1330
— - — -DEVZ Huml:ner of sectors =1 :
120 k- «ooooe DEYY: Mumber of sectarg =2 |-+ ............................ -
— — — DEW2 Mumber of sectars = 3 :
1Mok ... DEWYE: Mumber of zectars =4 | . T T
: : __,-"-J
. : -
: : -
0 ] P ST L e T -
o OO P T PR -
£ : - ;
E 5 .
:I':.L 1 ..... e ::::.:::Z.é ................ j;#'-""""f'_
ME e T e -
~ ) —_
- T
&0 _-*'-j,—”'#ﬁ ...................... e -
Bl ;J# SR TR R ET TR PPPRE _
40 i i
1 2 3 4

DEVT: Mumber of sectors
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Set-up time for beam level training
of SAS

(K™*3.852+0.0625)us

Long
3.852us CES SYNCbeamfmode

BT #K® - 1 BT #1 BT #0
2 (1) @ 1" gl @ g (2)
B =B, B,y > B”| By > By
KV*(KP*3.85240.0625)us
Beam training Beam training Beam training
cycle #K-1 |-+ cycle #k" oo cycle #0
K repetitions K repetitions K repetitions
7.212us 8.0030us 8.0030us 4.585us
% DEV2—DEVI - DEV2—DEVI - DEV1—-DEV2 - DEV2—DEVI - Beam training
ﬁ Imm-ACK i Mapping i Mapping ﬁ Feedback i DEV1—DEV2
1 2 )
B%) ) 8% ) Bl —>BY) 5&) > 5t) K cyeles
Acknowledgment Beam to HR beam mapping Beam feedback Beam training

KV*(K®*3 852+0.0625)+7.844+2* 8.003+5%2.5+7.212

DEV1 (KM beams) and DEV2 (K beams)

Submission Slide 27 Junyi Wang, NICT



September, 2008 doc.: IEEE 802.15-08-0687-00-003c

Numerical example for SAS beam
Ievel tralnlng

— - — - DEVZ Numl:uer of beams = 2
--------- DEVZ Mumber of beamsz = 4
— — — DEVY Mumber of beams = 6

960 L. DEVY Mumber of beams = 8 ............ ........... |

200

Set-Up Time {us)
]
=

Voo
5
-,
i

5
i
N
i

k... SRR A ......... ............ e =TT

R = i i [ | i l |
1

DEY: Mumber of beams
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