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High level summaryHigh level summary
• The document present beamforming performance in the 

sense of PHY layer simulation and MAC layer set-up timesense 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 thebeamforming can provide High rate transmission and articulate the 
delay associated to beamforming
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Contents

• The PHY layer beamforming performance y g p
is evaluated assuming phase shifter is not 
ideal but with some phase errorsideal, but with some phase errors.

• The MAC layer set-up time is calculated 
for one-to-one communication link.
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PHY layer beamforming performancePHY layer beamforming performance

• Performances of gain loss defined as gain• 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 phasedifference between two cases with/without phase 
error.

• The phase error is modeled as uniform distribution 
with 0 mean and standard variance following either ofwith 0 mean and standard variance following either of 
following two cases:
– Case 1: The Gaussian noise is independent of absolute p

phase shift. The phase error of each phase shifter is 
independent of each other with the same standard 
variance. 
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– 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 p
60GHz shown as follows

J.Park, H. Kim, W.Choi, Y. Kwon, Y. Kim, “V-Band Reflection-Type Phase 
Shifters Using Micromachined CPW Coupler and RF Switches. ”, IEEE Journal 
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September, 2008 doc.: IEEE 802.15-08-0687-00-003c

Conclusions from PHY layerConclusions from PHY layer 
beamforming simulations

• The designed codebook is robust to the phase error.

Th i i ti i l th 1dB ith 90% t t b bilit• 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 variancesame standard variance.

• When standard variance of phase error is proportional to absolute 
phase shift the gain degradation is in general lower than the casephase shift, the gain degradation is in general lower than the case 
with standard variance =0.5 although the phase error for 270 in this 
example is 1 . 

Submission Slide 7 Junyi Wang, NICT



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

Beamforming with codebook of 2Beamforming with codebook of 2 
antenna elements
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Gain loss with phase error (StandardGain loss with phase error (Standard 
variance = 0.5 [28.6 degree])
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Gain loss due to phase error withGain loss due to phase error with 
different standard variance

Submission Slide 10 Junyi Wang, NICT



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

Beamforming with codebook of 4 antennaBeamforming with codebook of 4 antenna 
elements
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Gain loss with phase error (StandardGain loss with phase error (Standard 
variance = 0.5 [28.6 degree])

Submission Slide 12 Junyi Wang, NICT



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

Gain loss due to phase error withGain loss due to phase error with 
different standard variance
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Beamforming with codebook of 8 antennaBeamforming with codebook of 8 antenna 
elements
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Gain loss with phase error (StandardGain loss with phase error (Standard 
variance = 0.5 [28.6 degree])
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Gain loss due to phase error withGain loss due to phase error with 
different standard variance
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Beamforming set-up time 
calculationscalculations
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AssumptionsAssumptions

• The command mode is used for 
beamforming set-upg p

• There are no transmission errors and no 
retransmissionsretransmissions.

• System is  AAS (Asymmetric Antenna 
System) or SAS (Symmetric Antenna 
System)System)
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ContentsContents
• The beamforming set-up time is short enough 

f i l t tifor implementation.
• Association 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
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be established around 1.26ms
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Time duration for each part ofTime 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 h d (10 t t ) 1 581(4) PHY header (10 octets) 1.581us
(5) MAC header (15 octets) 2.372us
(6) SIFS 2 5us(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 antennaAssociation with directional antenna

Duration = (2*Backoff+(Assoc.Req+GT)*DEV_TX_NUM+Assoc.Res+2*SIFS+ACK)*PNC_RX_NUM

Procedure 
1. Scanning in order to receive any of beacon from PNC
2. Sensing channel inside S-CAP (DEV)
3 S di A i ti f h f t i i di ti f DEV3. Sending Association.req from each of transmission direction of DEV
4. Waiting for Response
5. Responding from PNC (obtaining DEV ID from PNC)
6 S i h l i id S CAP (DEV)6. Sensing channel inside S-CAP (DEV)
7. Sending Association.req with obtained DEV ID
8. Waiting for ACK
9 Obtain ACK from PNC association successful
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9. Obtain ACK from PNC, association successful 
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Numerical example for directional associationNumerical example for directional association 
(starting from receiving one of directional beacons）
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Set-up time for AAS sector level
Long
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Sector trainingSector-beam mapping Sector feedbackAcknowledgment

J(1,t)*(J(2,r)*3.852+0.0625)+J(2,t)*(J(1,r)*3.852+0.0625)+7.844*(1+J(1,t))+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
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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
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Maximum duration is 550.46us (maximum 8 beams per sector for both Tx and  Rx 
of DEV1 and DEV2)
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DEV1 (K(1,t) transmit beams, K(1,r) receive beams)
DEV2 (K(2,t) transmit beams, K(2,r) receive beams) 
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Set-up time for SAS sector level trainingSet-up time for SAS sector level training
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Numerical example for SAS sectorNumerical example for SAS sector 
level training
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Set-up time for beam level trainingSet up time for beam level training 
of SAS 
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DEV1 (K( ) beams) and DEV2 (K( ) beams) 
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Numerical example for SAS beamNumerical example for SAS beam 
level training
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