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About our our lab

* WIiCO: R&D on Communication Technology
* SHIFT: R&D on Fog Computing (combination of IT and CT)
* SIMIT: R&D on Internet of Things
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About our our lab _A)

» LTE + 5G hierarchical
network architecture
e 6 macro-cell base stations
e 10~20 micro-cell base stations
e 100+ small base stations
e Trial of GPP-based BSs

» 802.11ac high speed WLAN

e 100~200 outdoor APs
e 1000~10000 indoor APs
e UDN, multi-carriers

o Trial of GPP-based APs
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About our our lab

Intel NUC 5i7RYH
Core i7-5557U
3.1 GHz-3.4 GHz
Dual-core

* 4 MB cache
Price: <600 USD

Core Network (EPC)

External
SeW PGW Network
MME PCRF
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S
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@ Future Work
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Channel Modeling is important for Wireless )
“wico

Communications &2
VANET High-speed Train Aircraft Industry

Large stadium

N
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Channel Emulator to facilitate R&D on P
Physical Layer Algorithms Cwico
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I What have been done?

Channel Sounder

E ¥ LB R RSO

Data Sharing Platform
www.wise.sh

‘WHO WE ARE

Shanghai Research Center for Wireless
Communications (WIiCO) is a leading research
and evaluation institute focusing on the R&D of
the key technologies for next-generation mobile
communication network, including integration

SIG Datasets Signin Signup

number of réceiving antenna: 8

I

WHAT WE DO

WiCo has developed a multi-channel based
platform for wireless communication system
testing and evaluation, which has avercome a
series of technical difficulties, such as nonlinear
crosstalk of multi-channel RF signals,

precision of muktichannel

testing validation, and standard We are
ahighly skilled team of electronics engineers
and researchers performing a full range of
quality measurement and research to promote
the development of the wireless
communications. We have undertaken a great
rumber of sclentific research projects funded
by the MOST, MIIT, NSFC, National Science and
Technology Major Projects, 863 Hi-Tech

synchronization. Based on this advanced
platform, alarge mount of wireless channel
measurements hasbeen conducted in many
typicalscenarios, Including beach, stadium,
hotel lobby, rural area, campus hotspots, etc.

CONTACT US

Address:

4/F, Buikding 8, 100 Haike Rd, Pudong. Shanghal
201210, China.

Tel:

+8621-61270500

Emait:

info@wise sh
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System design

System Design Requirement Yy 6 i

Tx switching seq Rx switching seq
1. Scenarios: Distance >500m; 3D e A mEEE
channel; Speed (350km/h). gj - - 11110
2. High-precision synchronization ®*3 O [] 05 0 5
between multiple channels 3., d u O
3. Raw data real-time storage TDM e
4. Calibration for MIMO - | /\’j i
transceiver: 64 channels and vector Tx switching seq Rx switching seq
signal transceiver system response .
: 2
5. Post data processing for %
multichannel: interference Rx 2
cancellation and parameter estimation 43; S
Parallel me
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System design

System Design Requirement

Multi-channel 8x8 bidirection /

Frequency range (without PA) 200MHz-5.9GHz
Frequency range (with PA) 2.1GHz-5.9GHz
Phase error of time base signal <5ns

Transmit Power (Each Channel) <8W
n Overall Power Consumption (Transmitter& Receiver) <3KW

IQ rate of Transmitter (Each Channel) Max 250MS/s
“ IQ rate of Receiver (Each Channel) Max 250MS/s
“ System bandwidth Max 200MHz(x5MHz)
Phase error of each channel (Transmitter) < 50ps

GPS Location Function (Transmitter& Receiver) /

System Calibration Function /

Data transfer rate & storage capacity <3.2GB/s & 5TB
Delay resolving precision 0.4 X< 1/Bandwidth
Dynamic range of CIR 30dB

Max duration of data streaming =25min
- /

i3 5

17 Characteristic parameter extraction

OMMUNICATIONS




System implementation

System Framework

GPS Antenna GPS Antenna

Trigger for TX Trigger for RX
start start
-———F = = [ e o e e
Trigger [ . [] . Trigger. ata fetch and stream Scheme
( i \ (@) () (@) (®) ( i Data fetch and s‘hl
| TX Baseband . ((®) () (@) ((2) i
: RF chain  [==> A PN A RF chain I8 |
| processing (OIN e R e Baseband 1Q i 1N Data flow
(PN ) t (o) (@) (@) (o) ) Fetch ‘| savetoDisk ||
| code/RRC) [/Amplify ) A vert/filter/AD) \ )
| (Pl i ————=l =
— S J J / ~
Clockl | e e — — L S WL WAL EEL WL EEE EEL WL EEE EEL EEE EEE EEL EEE EES . . —_—
\" |/ \ | :
Hardware Hardware
l Multichan | | Calibration | Multichan —— | |
| nel trigger | Component l nel trigger I
\Synchronization Scheme/ I | Channel parameterl
e B I | es_tima_tion_ /
| |
oo | (mdomao - Ctbraton-—-------- E—
\ o
._Calibration Scheme /
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System implementation

Transmitting Unit

Tx: 8*8 MIMO TX Part PXle PC controller [ PXI GPS Receiver

A © Qe ® ©O
— (i

GPS
Antenna

10MH

PXle VST

PXle chassis cascade

PXle Timing & Sync

Rubidium atomic clock
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System implementation

Receiving Unit

Rx: 8*8 MIMO RX Disk
Streaming

GPS

Antenna

¥ Tt % A5 BF 58 O
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wWiCO

PXI GPS Receiver

PXle PC controller
PXle cg&é;e + Disk Array (SSD)
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PXle VST

[

PXle Timing & Sync
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System design

Software solutions

User Application Post data processing

. Instrument |

| Driver Library

: : MIMO

I I MIMO MIMO Acquisition
: Generation Calibration and Disk
: Streaming
|
|
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Channel synchronization ‘ //1/’
wiC

@
Challenge :

« Crosstalk , non-orthogonal
error, path difference raise

. 1 | 5 ik
the phase difference
 Pico second level LML LU UL e o
synchronization precision — 4 T

T1=jliE 1 BT R R %

for accurate estimation 1 1 1 s

» Phase coherent Signal T ey Yy Y s ey T Y e e
- = = = _f —|— STRC-20MHz
generation & Acquisition PR S P—

Implementation: .
Timing jitter can be reduced to 30ps among 8 channels of MIMO parallel h
Channel sounder
The synchronization accuracy is less 1ns of Keysight M9391A (PXIeVSA)

. and M9381A (PXle VSG) y
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Key technology

D

Channel synchronization
wW/CO

File Control Setup Trigger Measure Analyze Utilities Help 6 Aug 2015 1:53 PM
1 and drag to move Channel 1 up and down or left and right. |
) GSa/s 1.00 kpts 8.00 GHz 77

L~
On & | On __A‘ On mm On
Sl 5.00 mV/ - Sl 5.00 mV/ : . ,’

L

¥

N
10

f

EEEE

ATime(1-2) ATime(2-2)
32.83 ps -143.90 ps
31.7413 ps 109.3132 ps
26.21 ps -147.33 ps
37.28 ps 148.96 ps
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Key technology

Real-time data streaming

! : : 1
! before read | \  before write |

| S |

DMA COF’YE I hard drive

e

| user context user context user ¢
; :
; kemel context 4 kernel context &
'
' ; : ' .
' ! syscaliread ! v syscall write |
; :
T t 7T f e
0 1 7 CPU copyl: 4
. ey e (e g k]
' ! '
x ' ' ' DMA copy »
1 s T
kernei space :I kemel buffer\| 1 CPU copy

)EI sockelbufferl 258

T
1 2
steps

' '

| before sendfile . i

1 user context v user context E

: .

' kernel context a !

' '

E syscall sendfile ’

) '

T T T —

0 2 3

\ ' v i

i .

| userspace ' N

: l'aT)eFr'd dscr §y | DMA gather copy '

1 . L .. 2 am an SR

i kemelspace 1 kernel buffer " socket buffer g

: € ‘\ L X X~

i DMA copy: protocol engine |+

\ '

i i T >

0 2 3
steps

® P2P link between FPGA and SSD

® Zero-copy technology to reduce delay
® TDMS (Technical Document Management System) method for storage

and data organization
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Y = RSTX

Yoo RHTX + N
Using VNA to get S (cali component)
Using calibration data to get R
(receiver) and T (transmitter)

MAX (P(Y#RH (chanPara)TX))

chanPara

a0
Using ML to estimation channel parameter
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Using R and T to reconstruction signal
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Key technology

Post data processing U?yco
HRPE : PS-SAGE -

Parallel Sounder-SAGE(PS-SAGE) L
e Considering coherence among the d1 ;
channel
e Antenna pattern measurement using N paths
transmitter and
one path receiver
in non-i1deal orthogonal

chann annel disturbance
. t S§ Impu1seresponse
> Xa ameter calibration of RF
: ; estimation channel
Calibration _data

HRPE : High Resolution Parameter ESt7!
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Key technology

Parameters estimation M’vco

4

Using calibration data to
correct different delay
among multichannel

-}

L

B G2 Lyce

o NS x 1 Labra00n ax3 Comedated ORs Cyoies
8 )
008
14z dat 8
43 45
g i Al - 4 o
= » - 0 5 >
3 b 4128 4 e .
& = Bl S 5 5
c 140 Pt S e 140 P 4003 £ e
& P 08 = 3 3 2
| ' ;‘ | . |
118 - 136
n4 ] 3
2 &0 > 40 0 j
8 sUbChanmid indax af

SRS N8

Prhanned oS

Parameter estimation is accurate
Reconstruction signal spectrum is highly similar to original signal spectrum

For original signal %

X For reconstructed signal x10 For original signal x10 For reconstructed signal o
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System implementation

Key parameters

Parameter

Center frequency / bandwidth
RF Channel /Tx (Rx)
Channel sounder method
RF bandwidth
Transmitted power per antenna
dynamic range
multipath time resolution
maximum Doppler shift
maximum detectable speed of an object
Maximum impulse response
Data stored
Parameter method

Implement platform

E ¥ LB R RSO

<6GHz
1
TDM MIMO
120Mhz
27dBm~40dBm
40dB
8.33ns
30~60Hz
<30kmh
20.48us
CIR
SAGE

customized

(2 )
wico

<6GHz
8
Parallel
200Mhz
15dBm~40dBm
30dB
5ns
2kHz
>350kmh
20.48us
Raw Data/CIR
Parallel SAGE

SDR
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Advantages //1,
& ‘-/W C

» Advanced 8x8 parallel channel sounder

« Suitable for dynamic MIMO channel with high
velocity

« Dynamic range comparable to TDM sounder
 Flexible and adaptive with SDR platform

* |Interference cancellation by PS-SAGE
 Transferable to MIMO channel emulator
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Future work

Measurement campaign
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INeW function and capability www.wise.sh U/‘?v,co

Channel measurement Databank

1. Verification and

Comparison
With ray tracing

software
With channel

\.emulator -/

¥ Tt % A5 BF 58 O

2. Extend to
64*64

Parallel & Serial

&

3. mmWave Channel
measurement

2GHz bandwidth
60—-110GHz

J
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Thank you !

Contact:
Wuxiong ZHANG
wuxiong.zhang@wico.sh
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