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Moore’s Law — Higher Sample Rate — Increasing Link Bandwidth
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Moore’s Law — Higher Sample Rate — Increasing Link Bandwidth



Moore’s Law — Multiple RF Chains + Energy Efficient Matrix Computations

MIMO
Multiple Input - Multiple Output

(introduced by IEEE802.11n = WiFi 4)
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MIMO Variants

 Single-user techniques (802.11n/ac/ax) [43]

- SU-MIMO
* Up to min (Nyp, Ns74) streams —-)) Q stream 1 %
* Only enabled for : ) ‘ .

— High SINRs
— Non-line-of-sight propagation

— Beamforming
* Regulations do not allow to focus energy on a given spatial direction [12]
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Multi-User MIMO
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Multi-User MIMO Beamforming

SU-MIMO Beamforming MU-MIMO Beamferming
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“OFDMA” = Orthogonal Freq. Div. Multiple-Access
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Wi-Fi Generations at a Glance
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Rel Year 1694 2007 2004 2013 2020 2023(7)

Freq Band 74 GH? 24 G2 24+ 5GHr 5 GHr f4+-5+0 FA-540G
GH: (BE) GH.

Bandwidth WMHZ | 20MHz 4MHZ | 30MHZ, 160 RO MHZ 160 240 MHZ, 320

MHz MHz MHEz

F1 generations

Wi 4 Wik b WA-H ! (expected,
Launch date 27007 2012 2019 x21 2024
IEES u.)lh:iud 02 11n 02 1ac 07 *1ax &0?2 11he
Max data rate 1.2 Gbps 2.5 GEps 96 Chps 45 Ghps
e 2.4 GHz and & GHz 5 GHz 24 GHz anc 5 GHz 6GHz C',_”: 3;: E;'f._':f':;j:,
Socurity VIPA 2 \WPA 2 WPA 1 DTV R
Choanol site e A0 40, 3.:‘ Z zu .+ 60 20,40, f(:;‘ ::;mo_ 160 20 <0, 8:,1 :rzwan 160 Up to 320 UH2
Mneuiation B1-QAM 256-QAM 1024-0AM 4095-QAM

DM DM Oromas OrDMA (with ext2nsions)
Mimo D MIPAL A¥4 MIMU, . MU-MIMU 3 ULDL MU0 b1 MU-M 120
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New Wi-Fi 6E Channels

6 GHz Channel Allocations
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What is Wi-Fi 7 (IEEE802.11be) going to add?

* Key upgrades from 802.11ax:
1. 320 MHz
2. Multiple RUs per STA
3. 16 spatial streams

4, 4K-QAM

* Disruptive new features in 802.11be:
5. HARQ

6. Multi-link operation

/. Low-complexity AP coordination
8. Advanced AP coordination

<
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What is Hybrid ARQ (HARQ)?

Boosting link adaptation via more efficient retransmission [25, 26]
— Theoretical SNR gains in the order of 4 to 6 dB
— Already discussed during 802.11ac and 802.11ax standardization

« Main concern: HARQ might not be robust against collisions caused by
the unpredictable interference conditions in 802.11
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What are Multi-(Band)-Links?

Multi-link Device A Multidink Device B
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« Simultaneous use of 2.4 GHz, 5 GHz, and 6 GHz bands [16-18]:
— Load balancing according to traffic needs
— Data aggregation in different bands

— Data transmission and reception separated in different bands
» E.g., low bands for uplink and high bands for downlink

— Control and data plane separated in different bands
» E.g., low bands for control inf and high bands for data tx/rx

2.4 GHz 5 GHz & GHz

Control f
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New in Wi-Fi 7: Multi-AccessPoint-Coordination

« Multiple near-by|APs can coordinate (over the air) o i <
their time/frequency transmissions, so. Al -
~ Avoid channel contention !
- Improve resource sharing /

» Positives: Higher throughput & improved worst- . /
case latency - I/’ CTA 32

» Negatives]Extra overheads / complexity — O

L4l

» Low-complexity multi-AP coordination
— OFDMA,; Spatial Reuse ey e
* Advanced multi-AP coordination
— Joint Beamforming; Joint Transmission
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New in Wi-Fi 7: Multi-AccessPoint-Coordination

« Power coordination: Spatial reuse (SR) [21]

— 802.Max facilitates a more aggressive channel access
 Channel access decisions solely based on measured power

— 802.11be may allow APs to jointly schedule their transmissions
» QObjective: Enhance spatial reuse preventing “uncontrolled” collisions

Non-ceardinated TX generates a collision Cocrdinated TX: AP1reduces its TX power to prevent the collision
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DENG ef al: IEEE 802.11be WI.FI1 7. NEW CHALLENGES AND OPPORTUNITIES 2153
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Fig. 15.  Ovwerview of the multi-AP coordination.




Wi-Fi 7 Standardisation Roadmap
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