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1ortenelmi attekintes

e 2007 - Wireless Gigabit association megalakul

. 2009 W|G|g1 O + W|F| alhance cooperatlon
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e CMMW/CMMG
e 802.11ad “rebranded” to 45GHz

* 42.3-47.0 GHz, 47.2 - 48.4 GHz
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https://www.jstage.jst.go.jp/article/transcom/E101.B/2/E101.B_2017ISI0004/_pdf

802.11aa attekintés

e 2.4GHz és 5GHz telitett, valodi “gigabit”
sebesseg nem megoldhato

e vegre van globalisan elérhet0, szabad spektrum




802.11aa attekintés

RF burst packet transmission

* egyseges packet formatum:
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a spektrum

« mmWave vagy “60GHz" vagy v-Band

* 57GHz - 71GHz s s
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vBanda - miért ne

ine of sight
rain fading
oxygen absorption

doppler frequency shift

unlicensed



vBand - miért igen

e alacsony interferencia
(high FSL, O2 absorption)

Frequency
Reuse Range

* fOkuszalhatd, sugarszeru

e reflektalhatod - line-of-sight
porobléma lekuzdheto

e unlicensed



a csatorna

signal level (dBr)

— - ———— ] —— o —————————— —————— ——— ————— o — —
| I
| I

-3,06 -2,7 -1,2 -0,94 0,94 1,2 27 3,06 frequency (GHz)

e 2.16GHz csatornaszélesség - részben atfeldo csatornak



Keret formatum

ge breamble.. o Header. . Pa /load

Beamformm e

§0 2% , vdv.
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Preambple

* packet detection

 AGC - automatic gain control




Packet-ek

0i/2-BPSK bi/2-DBPSK

sy - o
(MCS0)

0i/2-BPSK 0i/2-BPSK/QPSK/QAM16




SC vagy OFDM

OFDM

* robusztusan mukodik nagy késleltetes-
eloszlasu kornyezetben

skaldzhatd - magasabb atviteli sebesség
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Control MCS - MCSO

Minden eszkdz tamogatja (SC/OFDM/Dual-mode)
beamforming elott ezzel kommunikalnak

e felhasznalas:
e peacon kuldés
TS beamformmg tralnmg
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Golay Complementary Sequences

 a302.11ad szinte minden elemében hasznalatos
e synchronisation
e gain control
 channel estimation
e gain-tracking, phase-tracking
 pbeam-forming training




Golay hasznalata a preamble-ben

STF SC CEF
(MCS0)
40 periods, 5120 chips 9 periods, 1152 chips
Sl SEECEE
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Golay hasznalata a preamble-ben

STF SC CEF
(MCS0)
40 periods, 5120 chips 9 periods, 1152 chips
SHlliE SEECEE
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A preample a valos életben

STF SC CEF

15 periods, 2176 chips 9 periods, 1152 chips
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modaulation coge scheme

Control (CPHY)

MCSO0 - alacsony bitrata, nagy hibatdrés  HORE OIS T R T ST

Single Carrier (SCPHY)

MCS‘] _3‘] - 1/2 LDPC, 2x repetition - , 385 Mbps
| | 1/2 LDPC, -QPSK, to
* valtozo hibajavitas g//f toPe - 4620 Mbps
* eltérO modulacios komplexitas 13/16 LDPC
+ atviteli sebesség: 385Mbps -
- 1/2 LDPC, OFDM-SQPSK 693 Mbps
6'76 bpS 5/8 LDPC OFDM-QPSK to
PY mandatOry ‘I G bps 3/4 LDPC OFDM-16QAM 6756.75 Mbps

13/16 LDPC OFDM-64QAM
M CSO-4 Low-Power Single Carrier (LPSCPHY)

MCS13-16 (OFDM esetébeﬂ) 25-31 RS(224,208) + 1t/2-BPSK, 625. 6 Mbps
Block Code(16/12/9/8,8) 11/2-QPSK
2503 Mbps




beamforming training

a beamforming opcionalis (de elkertlhetetlen)
a vevonek tamogatnia kell a BFT protokollt

jeleznie kell melylk csomagot kapta meg a legjobb
mIinosegben

az ado ezt felhasznalva meghatarozza a legjobb
iranyszoget

ha mindkét berendezés tamogatja a beamforming-et,
ua iranyban fognak kommunikalni
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20/40MHz




mit hoz a 802.11ay”

e Mu-MiMo - 4 spatial streams

 channel bonding (2-4 csatorna

o atviteli sebesség-ndvekedés (20-40Gbps / stream




Megvalositas: HW-ek
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Szabalyzoi kérnyezet

U.S. and Canada (57.05 GHz — 64.00 GHz)

European Union (57.00 GHz - 66.00 GHz)
South Korea (57.00 GHz — 64.00 GHz)

Japan (57.00 GHz - 66.00 GHz)

China {59.00 GHz — 64.00 GHz2)

Channel 1 Channel 2 Channel 3 Channel 4
Fe=58.32 GHz < Fc=60.48 GHz - Fe= 62.64 GHz : Fc=64.80 GHz




Szabalyzoi kdrnyezet

\ 4 \ 4 \ 4

U.S. and Canada (57.05 GHz - 64.00 GHz) U.S. since 2016

European Union (57.00 GHz - 66.00 GHz) U.K. Since 2018.12 (EU to follow)

South Korea (57.00 GHz — 64.00 GHz)

Japan (57.00 GHz—-66.00 GHz)

Australia (57.00 GHz - 66.00 GHz)

China (59.00 GHz — 64.00 GHz) |

Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6
Fc=60.48 GHz Fc= 62.64 GHz 83 Fc= 64.80 GHz Fc =66.96 GHz Fc =69.12 GHz
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upper v-pand channels

e e-pand-szerld mukddeés
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802.11ad meshed network




802.11adq tervezes

ine-of sight probléma

* Interference

o utllity iInventory

: Stree
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t lidar, aerial lidar
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802.11ad meshed network

ez mar nem lepet bridged
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meshed network challenges

media access (1DD)

Odd — —» Even <« — — QOdd — —» Even

airtime allocation (DN-DN, DN-CN)
turn-up - provisioning
selt-intlicted interference

multiple routes - need a routing protocol

Even €« — — Odd — —» Even <« — — (Qdd

redundancy / load sharing

Polarity: Sectors alternate between transmission and reception



meshed network highlignts

substitution - JIT backup routes
usage based load sharing
(almost) no single point of failure

imited tailure domain (DN-CN links...)

SFN lehetséges |0 tervezessel




Facebook + DI + M1




Topology ~ Topology Builder ~ | @ Map Overlays
gY gY

® E2E pimory ® Stats

2001:4c48:18::3

Terragraph Release RELEASE_M28-0-gd0d11ee4 (root@ubuntu Wed Oct 10 10:44:14 UTC 201

Availability (24h)

CN 97.958%
98.634% total 7 DN

Current Status

Sectors Online 135/ 136
RF Links Online 74 /76
Total Sites

Node Versions

M28-0-gd0d11ee 135 (100%)

Leaflet | © OpenStreetMap contributors

Status

Online Sectors Online 135/136

RF Links Online 74 /76

Online Total Sites 75

Mikebuda

50 friendly customer
10Gbps connectivity
4 fiber teeds

1 5GHz backup link
broadband internet
MC [PTV




Topology ~ Topology Builder ~ | @& Map Overlays

7/ 7/

e
v

Availability (24h)

e 100 friendly customer
wrisonne 15173  10Gbps connectivity
e 3 fiber feeds
e 2 e-band MW links
e 1 5GHz backup link
e proadband internet

M24-0-gb9c53b4 7 (3%)

M28-0-gd0d11ee 213 (96%)

Leaflet | © OpenStreetMap contributors

Status

2001:4c48:18:4::3 Online Sectors Online 220/ 221

Terragraph Release RELEASE_M28-0-gd0d11ee4 (root@ubuntu Wed Oct 10 10:44:14 UTC 201 RF Links Online 1357136

Online Total Sites 132




the service architecture -
protocol stacks

Ethernet frame Ethernet frame

— - — = o —_— L 5 & ™

Ethernet over IPv6 tunnel
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Network usage In Mikebuada

Network bandwidth used «
300 Mbps

250 Mbps
200 Mbps

150 Mbps

100 Mbps ,!| ' | ‘ " j‘ N \
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50 Mbps

0 bps
1/15 1/18 1/21

max avg current
RX traffic 269.1 Mbps 48.8 Mbps 42.2 Mbps

w= | X traffic 224.5 Mbps 77.2 Mbps 68.3 Mbps

1.6Mbps average / subscriber
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I TELECOM INFRA PROJECT

https://telecominfraproject.com

mmWave Group

automatic customer
network channel . .
network oremises  economics

. validation = modelling .
olr=1alallgle equipment
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