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[Abstract]

In this paper, we present Beamforming (BF) Training (BFT) for asymmetric links in IEEE 802.11ay.
IEEE 802.11ay introduced BFT for asymmetric links that aims to increase the BFT success probability for
Station (STA) with insufficient link budget to communicate with an Access Point (AP). BFT for
asymmetric links utilizes directional BFT allocation to avoid the usage of quasi-omni pattern at the AP
side, and thus to increase STA's BFT success rate. However, there are no publicly available simulation
tools supporting IEEE 802.11ay. For these reasons, we present in this paper an implementation of BFT for
asymmetric links in ns-3 with its novel techniques such as Training RX (TRN-R) subfield and BFT
allocation. We then evaluate by simulation the performance of BFT for asymmetric links.
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I. Introduction
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=g zgsiel ol dolg Aol s
Millimeter-wave (mmWave)’} %2 F=Z dky 9QJch
[1-5]. 20129 491 [EEE 802.1lad+= #2932 60GHz
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II. Preliminaries

2.1. Beamforming Training in IEEE 802.11ad
Fig. 1.2 IEEE 802.11ad/ay2] Beacon Interval (BI)
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Fig. 1. IEEE 802.11ad/ay Beacon Interval (Bl) Structure [7]
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Fig. 2. Example of BFT in IEEE 802.11ad [6]
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2.2. Beamforming Training for Asymmetric
Links in IEEE 802.11ay
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Fig. 3. Example of BFT for asymmetric links in [8]
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III. Implementation
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IV. Performance Evaluation

4.1. Simulation Environment

B R0l A % ek Beo] 45 A5S Sl
ns-35 Eof Algdo]AdE 4883ttt [13]. BFT allocation
oM AREE]= STSO 74 274 2 278 Wt s =
ob] olsl upt Qirt [8]. olof & =RojA= RE BFT
allocationof] tjslf 22 49| STSS AREsShH: WHS

F-STS2} 730fstty. 7iget wio] Aelst s 45= ¢
ol STS 5 &7l S| Ats 2&sh5+=
ofo] BlARE 23510, o A-STSE} Aol
et 30K 152 $sll BFTof| Fofst= STA
2% 50, 100, 150, 2000z XMAstgtt F-STSet
A-STSE 9ol A WK Blo|A A" STS &717k (STS)
< 83} 328 AASIYTt & F-STSe 2= STA9] BFT
o] 4 O7tX] 2= BFT allocation®] STS & STSZ
AMESh= BHH, A-STS+= & WAl BIRE] &0 3 &
el STS = AR&sHl |t} [14]. Fig. 62 2 =wollA
ARESE & 7Y M2 O AlgRfold AU E BoiE
of. A4 2 AdlA STAE APQ] ¥H3 10m oW 1%
SR 0]Qlal, AlY2] @ BojA| STAE AP9] 1A}2HOgt
Bazgjo] 9ct AP= 167]9] sectorS 7HK]AL 911l STA
+ W9 sectorg 7L Stk Algefold Zik= 200
¥ 2% Ao FFAS BolEct

= .
12 73 14

12757 14

Scenario A Scenario B

Fig. 6. Simulation scenarios

4.2. Simulation Results
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V. Conclusion
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