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Abstract

* In this contribution, the channel measurement results
In an outdoor environment in Niigata university
campus at an mm-wave band of 58.5 GHz assuming an
open area outdoor hotspot access scenario will be
Introduced.
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Outline

« Background

e Channel measurement

* Ray tracing simulation
 Mechanism identification results
e Channel modeling

e Summary
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Background

« |EEES802.11ay
o Multi-Gb/s data throughput for WLANSs

e In May 2015, the IEEE802.11 TGay group started for development
of the new standard enhancing the efficiency and performance of
existing IEEE 802.11ad specification providing WLANS
connectivity in 60 GHz band

 [Increase the data transmission rates defined in IEEE

802.11ad from 7 Gbps up to 30 Gbps for growing
demands of new broadband indoor and “outdoor

applications”
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Channel Models

e Indoor scenarios:
« Extension based on existing IEEE802.11ad model [3]

e Qutdoor scenarios:

« Extensive ray-tracing simulations and the results of new
measurements are needed

« Existing MIWEBA model [1]

e Qur contribution

« Measurement campaign in an outdoor open area hot spot access
scenario

 Investigation of dominant propagation mechanisms
e Channel model parameter extraction (Q-D model)
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Measurement Campaign
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Mm-Wave MIMO Channel Sounder

« Hardware configuration [6]
 Baseband: MIMO software defined radio testbed
* RF: commercial product (V60TXWG1/V60RXWG1, VublQ)
e Feature

» Double directional measurement : rotating high gain horn antennas
» Full polarimetric measurement: dual-polar 2x2MIMO

e Sounding signal : Newman phase multi-tone
nm
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Channel Sounder Specifications

__________________

____________________

i Synthesizer: 56~63 GHz (0.5 GHz step)

—————————————————————————————————————————————————————

Synthesizer: 56~63 GHz (0.5 GHz step) 10MHz
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Carrier frequency

58.5 GHz

Signal bandwidth

400 MHz

Sampling rates (fs)

800 MHz (Rov=2)

Sounding signal

Unmodulated multitone
(No. tones (N) = 256)

FFT length (Ny) | 512
Cyclic prefix (Ncp) | 512
Total length (Ngym) | 1,024
Tone spacing (Ar) | 1.563 MHz
Delay resolution | 2.5 ns
Maximum delay | 640 ns
Multiplexing scheme | Time Division Multiplexing (TDM)
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Channel Sounder Specifications (cont’d)

Full polarimetric double-directional measurement

Tx Antenna

24dBi Pyramidal Horn

—

Rx Antenna

15dBi Pyramidal Horn

Tx Antenna Rotation

Az:-180~+180, El:-24~+24
Step:12 deg.

Rx Antenna Rotation

Az:-180~+180, El:-30~+30
Step:30 deg.

EL ¢

Antenna pattern of 15dBi Pyramidal Horn

-40 20

" Antenna pattern of 24dBi Pyramidal Horn

ElL ¢
=

-40 =20 [¢] 20 40
Az, o
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Measurement Campaign

ee—————
. Esltructed LoS OLOS)

Map data @Google, ZENRIN Base Statlon(BS) Mobile Station(MS)
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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)

Submission Slide 12 Minseok Kim et al., Niigata University



March 2016 doc.: IEEE 802.11-16/0342r1

Ray Tracing Setup

concrete

Frequency | 58.5 GHz

Antenna | Omni directional glass

Polarization | 0 and 90 deg.

Reflection count 3 2

: ] oo
Penetration count | LoS 4 2| OLoS 4 2

Diffraction count 0 1 R— " MS_pos3

Calculation method | Imaging method

Ground material | earth
copper
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Propagation Mechanism (MS_posl)
Single-Bounce Wall (SW) Reflection

Measurement, MS posl
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Propagation Mechanism (MS_pos2)
Single-Bounce Wall (SW) Reflection

BS in Measurement
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Propagation Mechanism (MS_pos3)

Measurement, MS pos3
ED : Edge Diffraction

Weather
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Ray tracing, MS pos3
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Scattering

Interacting Obj. | Lamppost Interacting Obj. Tree Interacting Obj. | Weather Shed
Path gain -112.6dB Path gain -115.5dB Path gain -115.5dB
Difference from | Direct path from Direct path
direct path 17.3dB direct path -17.7dB from direct path -17.7dB
Scattering Single-bounce Double-bounce Diffraction
-17.7~-17.3 dB -16~-10 dB -19~-15dB -17.25 dB
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Propagation Mechanism Summary

. : MS Path Gain | Difference from | Average
Propagation Mechanism Position [dB] direct path [dB] [dB] XPR(TxV) | XPR(TxH)
MS posl -105.6 10.3 6.39 2.5
: : MS pos?2 -113.5 15.7 8.31 6.98
Single-bounce Reflection MS._pos2 1137 159 13.86 3 36 301
MS pos3 -108 10.25 13.85 14.36
MS posl -110.4 15.1 10.16 6.41
. MS pos?2 -117.6 19.8 4.54 3.26
Double-bounce Reflection MS. pos2 1163 185 18.49 220 6.87
MS pos3 -117 19.25 3.27 2.56
Diffraction MS_pos3 -115 17.25| 17.25 0.45 10.14
Scattering (Lamppost) MS pos2 -115.5 17.7 7.13 6.65
Scattering (Tree) MS posl -112.6 17.3 13.86 13.94
Scattering (Weather Shed) |MS pos2 -116.6 18.8| 18.03 1.64 8.09
Scattering (Weather Shed) |MS pos?2 -115.5 17.7 6.57 8.47
Scattering (Weather Shed) |MS pos3 -116.2 18.45 6.45 0.8

Strong single-bounce reflection from nearby buildings should be
deterministically modeled
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		Scattering (Tree)		MS_pos1		-112.6		17.3				13.86		13.94		0		0		0		-95.3		122.5		53.703179637				-96.42		-110.28		-108.66		-94.72

		Scattering (Weather Shed)		MS_pos2		-116.6		18.8				1.64		8.09		1		0		0		-97.8		157.5		75.8577575029				-120.79		-122.43		-124.04		-115.96

		Scattering (Weather Shed)		MS_pos2		-115.5		17.7				6.57		8.47		1		0		0		-97.8		177.5		58.8843655356				-115.96		-122.52		-125.18		-116.71

		Scattering (Weather Shed)		MS_pos3		-116.2		18.45				6.45		0.8		1		0		0		-97.75		192.5		69.9841996002				-115.11		-121.56		-123.27		-122.47





image1.emf

伝搬メカニズム ポジションパスゲイン[dB]直接波との差[dB] 平均値[dB]


1回回折 MS_pos3 -115 17.25 -17.25


1回反射 MS_pos1 -105.6 10.3


1回反射 MS_pos2 -113.5 15.7


1回反射 MS_pos2 -113.7 15.9


1回反射 MS_pos3 -108 10.25


1回反射(ガラス透過) MS_pos2 -118.1 20.3


2回反射 MS_pos1 -110.4 15.1


2回反射 MS_pos2 -117.6 19.8


2回反射 MS_pos2 -116.3 18.5


2回反射 MS_pos3 -117 19.25


2回反射(ガラス透過) MS_pos2 -118.4 20.6


非正規散乱(街灯) MS_pos2 -115.5 17.7


非正規散乱(樹木) MS_pos1 -112.6 17.3


非正規散乱(雨よけ屋根) MS_pos2 -116.6 18.8


非正規散乱(雨よけ屋根) MS_pos2 -115.5 17.7


非正規散乱(雨よけ屋根) MS_pos3 -116.2 18.45


-17.96


-18.18


-13.02




image2.emf

Propagation Mechanism Position Path Gain [dB] Difference from direct path [dB] Average [dB]


Diffraction MS_pos3 -115 17.25 17.25


1st Refrection MS_pos1 -105.6 10.3


1st Refrection MS_pos2 -113.5 15.7


1st Refrection MS_pos2 -113.7 15.9


1st Refrection MS_pos3 -108 10.25


2nd Refrection MS_pos1 -110.4 15.1


2nd Refrection MS_pos2 -117.6 19.8


2nd Refrection MS_pos2 -116.3 18.5


2nd Refrection MS_pos3 -117 19.25


Scattering (Lamppost) MS_pos2 -115.5 17.7


Scattering (Tree) MS_pos1 -112.6 17.3


Scattering (Weather Shed) MS_pos2 -116.6 18.8


Scattering (Weather Shed) MS_pos2 -115.5 17.7


Scattering (Weather Shed) MS_pos3 -116.2 18.45


18.49


18.03


13.86




image3.emf

伝搬メカニズム ポジションパスゲイン[dB]直接波との差[dB] 平均値[dB]


1回回折 MS_pos3 -115 17.25 -17.25


1回反射 MS_pos1 -105.6 10.3


1回反射 MS_pos2 -113.5 15.7


1回反射 MS_pos2 -113.7 15.9


1回反射 MS_pos3 -108 10.25


1回反射(ガラス透過) MS_pos2 -118.1 20.3


2回反射 MS_pos1 -110.4 15.1


2回反射 MS_pos2 -117.6 19.8


2回反射 MS_pos2 -116.3 18.5


2回反射 MS_pos3 -117 19.25


2回反射(ガラス透過) MS_pos2 -118.4 20.6


非正規散乱(街灯) MS_pos2 -115.5 17.7


非正規散乱(樹木) MS_pos1 -112.6 17.3


非正規散乱(雨よけ屋根) MS_pos2 -116.6 18.8


非正規散乱(雨よけ屋根) MS_pos2 -115.5 17.7


非正規散乱(雨よけ屋根) MS_pos3 -116.2 18.45


-17.96


-18.18


-13.02
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Propagation Mechanism Position Path Gain [dB] Difference from direct path [dB] Average [dB]


Diffraction MS_pos3 -115 17.25 17.25


1st Refrection MS_pos1 -105.6 10.3


1st Refrection MS_pos2 -113.5 15.7


1st Refrection MS_pos2 -113.7 15.9


1st Refrection MS_pos3 -108 10.25


2nd Refrection MS_pos1 -110.4 15.1


2nd Refrection MS_pos2 -117.6 19.8


2nd Refrection MS_pos2 -116.3 18.5


2nd Refrection MS_pos3 -117 19.25


Scattering (Lamppost) MS_pos2 -115.5 17.7


Scattering (Tree) MS_pos1 -112.6 17.3


Scattering (Weather Shed) MS_pos2 -116.6 18.8


Scattering (Weather Shed) MS_pos2 -115.5 17.7


Scattering (Weather Shed) MS_pos3 -116.2 18.45


18.49


18.03


13.86
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Propagation Mechanism Position Path Gain [dB] Difference from direct path [dB] Average [dB] XPR(TxV) XPR(TxH)


1st Refrection MS_pos1 -105.6 10.3 6.39 2.5


1st Refrection MS_pos2 -113.5 15.7 8.31 6.98


1st Refrection MS_pos2 -113.7 15.9 8.36 8.91


1st Refrection MS_pos3 -108 10.25 13.85 14.36


2nd Refrection MS_pos1 -110.4 15.1 10.16 6.41


2nd Refrection MS_pos2 -117.6 19.8 4.54 3.26


2nd Refrection MS_pos2 -116.3 18.5 4.29 6.87


2nd Refrection MS_pos3 -117 19.25 3.27 2.56


Diffraction MS_pos3 -115 17.25 17.25 0.45 10.14


Scattering (Lamppost) MS_pos2 -115.5 17.7 7.13 6.65


Scattering (Tree) MS_pos1 -112.6 17.3 13.86 13.94


Scattering (Weather Shed) MS_pos2 -116.6 18.8 1.64 8.09


Scattering (Weather Shed) MS_pos2 -115.5 17.7 6.57 8.47


Scattering (Weather Shed) MS_pos3 -116.2 18.45 6.45 0.8


18.49


13.86


18.03
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Channel Modeling
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IEEE802.11ay Outdoor Channel Model

e Quasi-deterministic model based on MIWEBA [2]

o Deterministic components
e LoS, Ground reflection, Near-wall reflection
o Determined by the location of Tx and Rx in the surrounding
environment
e Random components

» Reflection from far-away static objects
and random objects

o Statistically modeled

X N
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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
Submission Slide 21 Minseok Kim et al., Niigata University

o Cluster power-decay constant, y
Ray K factor
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Developed Channel Models

CM1 CM?2
« EXxisting open area model » Reflection from nearby buildings
« D-Ray: LoS and GR are taken into account as D-Ray

 D-Ray: LoS, GR and single-bounce
reflections from near walls

Tx [

RX

Open area model [2]
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Developed Channel Models

 Statistical parameters of R-Ray were extracted from
ray tracing simulations

RT sim (Ref. cnt <=3)

<

Elimination of LoS
and GR

Randomly selected 305 MS points

.

Removal of single- :
bounce wall reflection RT sim _
(>-10dB LoS) (Ref. cnt<=1)

.

Bandwidth limit &
BS Peak detection

.

R-Ray
Parameterization
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Delay Domain Parameters

D-Ray 1LoS Ray

e NOo. CIUSterS, NC Y I K E(;\Ffvae)r/(CEI)lj;ter R-Ray
» Peak detection with -120 dB threshold

o Delay parameters
* Cluster delay, 7 ITT T 'TT,,{.,

- - - - T . 'c+'c .
Exponential distribution el time
— —A(Tp—Tk— '
p(Ti|Th—1) = Ae (Tk—Tk-1) Structure of impulse response
e C(Cluster arrival rate, A | — 0.04/ S
- t ° cluster —
E[AT] = 1//1 — o _"ﬂlre:lold 003\_ "
5-110'
where AT = T — Tp—q1 5.5 < ool
@] =
E-ISO_ M
001}
-140 + r
_150L . . . ol : ‘ :
1500 200 400 600 0 50 100 150

Delay [ns] A 7 (ns)
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Delay Domain Parameters (Cont’d)

D-Ray 1LoS Ray

R-Ray Cluster R-R

I K Power (Exp Y
; / decay) /
\‘ ---------------- '

~~

e Impulse response

N¢
h(D) = ) Bie8(t —1y)

T arrival time of the k-th cluster measured

1
1
!
1
1
1
']
1
1

r+r

from the arrival time of the LOS ray T
B and 6;,: gain and phase of the k-th cluster

/A
Structure of impulse response

e Average gain of EEZ>

linear regression

Bi = B*(1) = B2(0)e ™™/
where f2(0) = fZ,s/K

BLos: power gain of the LOS ray
K: maximal ratio of LOS to NLOS component

Y . power-decay constant 0 50 100 150 200
Base dalay (ns)
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Angular Domain Parameters
(Cluster Angle)

e Azimuth angle
e Uniform distribution

« Elevation angle

100 _

Elevation

e Uniform distribution 100 | | | | | |
e Depends on Tx and Rx position O ” mfﬂs positif: . aoor T
 Normalized elevation angle 1
5_ 6~ 6bn :
~ 16po — b0l g 1l LR R T
= 0 10 10 200 250 30

MS position index

DO: Direct path
GO0: Ground Reflection
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(Cluster Angle)

Angular Domain Parameters

C M 2 Azimuth of AcA Elevation of AoA
0.02 4
v 001 | b= 2| /\’\A
o3 o3 P/\/ vk
0 4 . A 0 A
-100 0 100 - 0 1
Angle (degree) Normalized Angle
Azimuth of AoD Elevation of AoD
0.02 2
« 001 | = 1| A r/\
2 fJ\ 2 J
0 \ . h 0 .
-100 0 100 - 0 1
Angle (degree) Normalized Angle
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Summary of R-Ray Parameters

CM1 CM?2 IEEEB02.11ay[4]
o No. Clusters, N.. 3 3 3
&'| Cluster arrival rate, A 0.03 ns™ 0.03 ns! 0.05 ns™
5’ power-decay constant, y 34 ns 45 ns 15 ns
K factor 9dB 12.6 dB 6 dB
: Norm. Elevation Norm. Elevation . Ao
Elevation | 052 0.1 U[-0.5:0.1] U[-20:20" ]
AOA
° Azimuth U[-100:100 ° ] U[-110:110° ] |U[-180:180° ]
2
< : Norm. Elevation Norm. Elevation . ano
Elevation 1 ;029 - 0.68] U[-0.22 :0.71] U[-20: 20" ]
AoD
Azmuth | e 100:100° 7 | UR110:110° ] |U[-180:180° ]
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Summary

 The dominant propagation mechanism in an outdoor
open area environment

Reflection: single-bounce (-16~-10dB), double-bounce (-19~-15 dB)
Diffraction (-17.25 dB)
o Statistical parameters of R-Ray from ray tracing
simulation

» New model (CM2) considers the reflection from the nearby walls
as D-Ray

e Future works

» Detail investigation of the objects causing non-specular reflection
» Further measurements and channel modeling
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