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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
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[1-5]. 20129 491 [EEE 802.1lad+= #2932 60GHz
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II. Preliminaries

2.1. Beamforming Training in IEEE 802.11ad
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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]

STAE= quasi-omni EE 2 beacon2 $Alsh & A}Al
9] RX sector training2 5l directional A1 @ &2 v
Hr &, STA= RX sectorS HHE7FHA] TRN-R
subfield A1 & quality &8-S 488510 24 A}AI9]
best RX sectorg Atz 4 Qo QU] g
(Reciprocal)o]] 2Jsl, STAE best RX sectorS AH:9]
best TX sector® 7tzsli APQLO] EAIS 9J6) AMRE:

9)ct. Fig. 3 oAlolA] STA 12 AP7} TX sector 12
beacon— BHWS o best beaconS SAIHE AL, o|uf
STA 19] best RX sector= 29t} whehaA] STA 1% AHAL
9] TX sector 25 APOA| frame &A1 A] AF28[oFe best
TX sectorz 7r3sich o|&x™ STA 29F STA 3& AP7}
TX sector 82 AFE3HS T best beacong $AI5HG AL
ojmjf STA 29} STA 39] best RX sector+= 33} 4%t}

HAS Qs AP= BFT allocation2 TX sector
4\—‘?}—3’- DTIof| &33stH o]= 7t beacond Edf Lasl
T}, BFT allocation +7F =9F AP-= RX ZF7} o|&
(extra-gain)S 5] RX oMLt 1§18 directional =&
2 "t Space-Time Slot (STS) AIZHERE 7]t
7+ BFT allocation®] STS 4= Zt beacon X4 A] 37
MEElct 7F STA= BTIOfA] dobdl APQ] best TX
sector2 AP7} 241 tf7] %91 BFT allocationof|A] 49]
9] STSE XMHEistd SSW frameS A4ttt SSW
frame A& %3t directional ZE=2 43iEn, o|mj
STA+= TRN-R subfield trainingg £3l] &opdl STAQ]
best TX sector& ARESICh Fig. 3 of|AloflA STA 1&
APO] RX sector?t 19 o Al H#j STSES MEHSA] SSW
frameZS X488, STA 29} STA 3& AP RX sector?f
29 o &= xR STSS AME#siA] SSW frameS X430t

SSW frame< =iy STA= Sector
acknowledgment (ACK)E £A1517] 98} directional



92 Journal of The Korea Society of Computer and Information
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III. Implementation
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IV. Performance Evaluation

4.1. Simulation Environment
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4.2. Simulation Results
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V. Conclusion
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