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Abstract

* This contribution proposes a modified channel model
for Open Area Outdoor Hotspot Access scenario
considering dominant reflected paths from sur-
rounding walls
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Introduction

e QOur previous contribution (IEEE802.11-16/0342r0 [1])

« Measurement campaign in an outdoor Open Area Hotspot Access
scenario

 Investigation of dominant propagation mechanisms
e Channel model parameter extraction (Q-D model)

e This contribution

* Propose simple and more realistic model considering dominant
reflected paths from sur-rounding walls

e Channel model parameters revised
o SU-MIMO (Conf #1) performance evaluation
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Channel Modeling
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IEEE802.11ay Q-D Channel Model

e Quasi-deterministic model based on MIWEBA [2]

o Deterministic components (D-Ray)
o LoS, Ground reflection, Near-wall reflection
o Determined by the location of Tx and Rx in the surrounding
environment
 Random components (R-Ray)

» Reflection from far-away static objects
and random objects

o Statistically modeled

Scenario [2]
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Problem of Existing Open Area Hotspot
Channel Model

e In most cases, the environment are surrounded by a
few buildings

« Dominant wall reflection should be counted as a D-Ray

—

Map data @Google,ZENRIN
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Modified Channel Model: D-Ray

 New D-ray components are calculated by the first
order reflection from the surrounding walls of the
specific environment as

: Wall B
o S
: BS S
wall A Wall A
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Modified Channel Model: R-Ray

Statistical parameters of R-Ray were extracted from ray
tracing simulations |
RT sim (Ref. cnt <=2)

16
—— "’
- Elimination of LoS
and GR

.

/5=

Removal of first-order « RT sim

wall reflection
(>-10dB LoS) (Ref. cnt<=1)

.

Bandwidth limit &
Peak detection

.

Wall A
R-Ray

1200 (16 x 75) points (1 m spacing) Parameterization
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Channel Parameters

Deterministic components Random components

e Lossis calculated by Friis  No Clusters, N,
equation and Fresnel reflection .  cjyster arrival rate, A
equation

* AO0A (Angle-of-arrival), AoD
(Angle-of-departure) and delay

are determined by the location , * A0Aand AoD
of Tx and Rx D-Ray 1Los Ray R-Ray Cluster

Y I K Power R-Ray
(oo -

g time
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R-Ray Parameters

This model IEEES02.11ay [3]
No. Clusters, N.. N(1.7,0.8) 3
> Cluster arrival time offset, 7| 40 ns -
= |  Cluster arrival rate, A 0.0084 ns™ 0.05 ns™
O [ power-decay constant, y 27.4ns 15 ns
K factor 7 dB 6 dB
AAOA - 085
Elevation Bpop = 1.9 U[-20: 20° ]
AoA O-KOA == 35 xl
2 Azimuth U[-180:180° ] U[-180:180° ]
é AAOD == 14‘
Elevation Bpaop = 2.2 U[-20: 20° ]
AoD Opop = 2.7 *2
Azimuth U[-180: 180 ° ] U[-180: 180 ° ]

%1: 10~ 4a0a%D=Baoa + N(0,0%,4) %2 :—1074a00XD=Baop 4+ N(0,07,p)
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Evaluation
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Measurement Campaign

Frequency 58.5 GHz
] ] Bandwidth 400 MH
8 Points (2 m spacing) _ ——
Signal Multitone
No. tones 256
Delay res. 2.5ns

00000000 M S
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Measurement Campaign (cont’d)

Full polarimetric double-directional measurement [4]

Tx Antenna | 15dBi Pyramidal Horn

Rx Antenna | 15dBi Pyramidal Horn

Az:-180~+180, El:-30~+30

Tx Antenna Rotation Step:30 deg.

Az:-180~+180, El:-30~+30

Rx Antenna Rotation Step:30 deg.

EL ¢

Antenna pattern of 15dBi Pyramidal Horn Antenna pattern of 24dBi Pyramidal Horn

ElL ¢
=

15 220 10
20 230 -15
_ -20
-25 -40
-40 -20 0 20 40 -40 =20 0 20 40
Az, o Az, ¢
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Data Processing

e Double directional channel impulse response
AqA AQD Polarization

hap (7. 9591, 9, 01) = F M Hap (£, 9, 03, 54 0t)) P EE )

 Double directional angle delay power spectrum
(DDADPS)

Pop (2,95, 0, O 03) = |hap (0,90, 0, O 02|
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Data Processing (cont’d)

o Synthetic spectrum (omni-directional)

Angul B ,
spr;%ltjrjrrn power — APS(9;, ;) = zmn Poo (7,95 0, O 04

Power delay profile  PDP,,(7) = @Zi,ﬁm,n Pop (T, 05, 05, 9, <P7'z)

Gain correction

e Polarization combination

APSZ (191; (,01) - _Zpe{ﬁ @} ZqE{ﬁ @} APqu (191’ (p])
PDP5, (T) Zpe{ﬁ @) ZqE{ﬁ o} PDPQP (T)
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Channel Reconstruction

Measurement

Ray Tracing

200

200 .90 90
-95 -95
150 150
I #\WallB___ o #WallB i
m o -y —
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T me— -110 ale it NS 110
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MIMO Beamforming (MIMO BF)

« |EEES802.11ay SU-MIMO [3]
Single polar (V-pol) 2 X 2 MIMO transmission = 2 Streams

Configuration #1
Phased Antenna Array
* E @ E Beam #2
ﬁﬂﬂﬂﬁﬂﬁﬁ XS, ¥O)
???’?/???? Hor V pol Hor V pol
ﬁﬂﬂﬂﬂﬂﬂﬁ Device #1 Device #2
Beam #1

10

H or V pol

Phase shifter T Beam #2
Signal 1% stream

—> PAA element H or V pol
Signal 2™ stream
—
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MIMO Channel Selection Metric

« Based on IEEE802.11-16/1209r0 [5]

* H is generated by Ray-based search
» Per-subcarrier capacity metric

H=|
Hyy Hp

Pt H .
C =det| I +P—HH [bits/s/Hz]

n

« TX and RX antenna arrays
o “Gaussian” antenna pattern (equivalent to 8x8 antenna array).
« Gain 24 dBi, Beamwidth 12°
« Vertical polarization

 Ideal beam steering: antenna broadside is rotated in the desired
direction
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Average Channel Capacity

This model

137 « R-ray selecte
— proposed model
12+ —IEEE 802.11ay
——ray tracing
—~ 11r
: |
“ 10
= \
0
\-/u 9
= v
SHE f

~

6 1 1 | 1 | | h
20 40 60 80 100 120 140
IEEE 802.11ay point

LoS and GR paths are used for parallel channels

Some times strong R-ray is employ for the 2nd path

Proposed model
Wall-A or Wall-B are realistically selected for the 2nd path
Channel capacity is well matched to those of RT results
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Summary

e EXisting open area hotspot channel model doesn’t
con3|der surroundlngwalls |

Our environment Open square in Berlin (M|WEBA) Open square in Helsmkl
(METIS, ,mmMAGIC)

e This contribution proposed a modified model including
dominant first-order wall reflection as D-Ray

o SU-MIMO Capacity Evaluation

* Proposed model is well matched to that by detail Ray tracing

« Simply adding the wall reflected paths in site-specific manner
provide better representation
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