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Wireless Communication Researches in THU

+« Major Research Subjects

» Microwave, antenna, and spatial signal processing
(Propagation, RF, ...... )

» Electromagnetic Interference and Electromagnetic
Compatibility (EMC, ...... )

» Source coding and system-on-chip technology (AVS, mobile
multimedia, ...... )

> Channel coding and wireless transmission systems (3G/4G,
DTV, Satellite, ...... )

> Multiple access technologies and wireless networking
(WLAN, MANET, WSN, WMN, Cellular, ...... )
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Wireless Networking Everywhere

New Mobile
Devices

Mobile Ty~ Sensor el

Applications =
1997 2007 Future
0.20 Billion 1.8 Billion Mobile devices Trillion’s Wireless devices
Mobile devices g
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Wireless Networking: Cognitive and Intelligent

+ A network that understands situation and controls itself
autonomously according to changes in situation to guarantee

guality of communication
Cognitive NW

® Self-X Infrastructure (2020)
®Self-Managing
®Self-Configuring
®Self-Organizing
®Self-Optimizing
®Self-Protecting
®Self-Healing

Ubiquitous Nwl_®Self-Adapting

) ®X-Aware Service(2010)

Mobife NW ®Location-Aware

®Mobile/IM (2004) ®Context-Aware
®Location ®Power-Aware
®Presence ®Situation-Aware

Autonomous Control

Understanding of Situation
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Wireless Networking: Scalability and Sustainability

Power Consumption of IT Industry in China (2007)
> 40-50 billion KWh (almost equivalent to Three-Gorgeous Dam)
> Among them, 20 billion KWh was from 4 Operators!
> China Mobile “contributed” 8 billion KWh, and 73% comes from BS

> More BSs will be needed to increase capacity by micro-cell or femto-cell

| chinaMobie | ChinaTelecom

Subscriber # 420 M (69.03%) 30.4 M (5%) 158 M (25.97%)
Mobile NW GSM & TD-SCDMA  CDMAZ2000 1x GSM
BS Number 316 K 90 K 158 K
%‘ggg’ Saving  save 40% (05~10) Save 20% (2007~2010)
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Wireless Networking: Collaborative and Cooperative

—~
FMC ICBN
ponvergence (Voice, Data (Voiee, Data, Video)
zfn tlheéI bC(IJre ) Triple Play
or load balance — i
Cable TV
\ ﬁélggm
- z M =
Convergence ISP (¢ > '
Between IP - [
Transport
Technologies NGN QoS Mobility
(NGN)
ALL IP Transport
Network
Divergences @ “.
of Access Media \_ j

(for always-best-connected)
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MRN leads to Dense Wireless Networks

Mobile NW of 2G/3G (SRN) Mobile NW of 3G/4G (MRN, MIMO)
(few interference, noise-limited) (Many interference, interference-limited)
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Vision and Mission of NiulLab
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NiuLab: Network integration for ubiquitous Linkage and broadband
CHORUS:- Collaborative HarmOnized Radio Ubiquitous®Systems
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Cross-Layer Design and Cross-NW Design

« CLD - Opportunistic Scheduling

<« CND — Opportunistic Networking
treats the channel variation as

« Reduce competition and increase
opportunity and try to exploit it collaboration

DPower
fsinr i
> AN
AN | ——
- 7 (BS/AP
(BS/AP)w__ cooperation 71 ( )

o Regiond 7 Region2 g
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Major Research Topics in NiuLab

= Multi-AP Diversity for Interference Avoidance
> Multiple AP Association with adaptive Physical Carrier Sensing range
. Cooperative Diversity in Wireless Multihop Networks
» Collaborative and Opportunistic Scheduling (COS)

= Triple-play Network Integration for always-best-connected

> Integrated Communication and Broadcast Networks (ICBN)

= Multi-Dimensional Radio Resource Management
> Joint power and rate control in COMA/OFDM/MIMO systems
» Game-theoretical approach for multi-dimensional RRM

= Power-efficient New Generation Networks

> Sleep-mode based power saving mechanism in WLAN and cellular systems
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Multi-AP Diversity in HD-WLAN

« Solution
» Multi-AP Association Architecture
» Adaptive Physical Carrier Sensing range adjustment

» Adaptive Scalable video coding/\

;"p‘, Userw‘

réncing User

ser ' Interferencing Us&r
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Dynamic Adjustment of AP Association

& Wulti—AP WLAN Research Platform
—— —

Type | Ethernst IP Wireless IP
AP_I  166.111.206.105 192.168.1.1
STA  166.111.206.114 192.168.1,2
AP_Z  166.111.206.240 192.168.1.3
AP 3 155 111.206.110 192.168.1.4

Multi-AP Set | PLR PLR_Gain  Downlink Main AP Thmughnut Gain
= EEE 38.8% 18.4% 1 100.0%

Last RSSI (dEm) | Throughput (Mbps) | Packet Loss Rate
-43 -0.223 48.6%

Performance of Multi-AP Diversity
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1 1CC2008, Beulng
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IEEE INFOCOM'07

IEEE SECON’'08

IEEE Trans. Wireless Comm., April 2008
IEEE Trans. Wireless Comm., 2008 (accepted)
IEEE Trans. Wireless Comm., 2009 (accepted)
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Spatial Reuse in Wireless Multihop Networks

= If without cooperation,

If A chooses B, and then F chooses G by local scheduling,
link A-B is corrupted by hidden terminal F in link F-G.

If a bandwidth requirement is assigned to the flow A-B,
this link suffers a high collision probability induced by hidden terminal F.

2009-07-20 Zhisheng Niu @ Tsinghua University
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Our Solution: QoS-Aware COS

+« Cooperative & Opportunistic Scheduling with QoS Constraints
~ Exploit time-diversity and multiuser diversity simultaneously, while
providing QoS guarantee

~ Through cooperation, some transmissions are deferred to favor some
other links which have not achieved their QoS requirements
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Features of the COS

+ The challenges of implementing the optimal scheduling in
802.11 based MANET

» Exchanging parameters all over the network is impractical
» Use 2-hop information exchanging & average data rates

~ Difficult to track the time-varying contention graph which is
needed in the optimal scheduling

» Use average Local Contention Graph (LCG)

» To schedule a set of links in an ad hoc network in a
deterministic pattern is not trivial

» Insert an extra interval (TIFS) into consecutive data
transmissions

2009-07-20 Zhisheng Niu @ Tsinghua University 17

A Distributed Heuristic Scheduling

Heuristic Algorithm:

(1) select a minimal weighted degree vertex as a vertex in the weighted
independent set Sm

(2) delete the vertex and all of its neighbors from the graph

(3) repeat this process for the remaining subgraph until the graph becomes
empYy. w(Ne(v))

Weighted Degree (WD): @u(?:G) = W,

Weight: Degree 3:2.33

4:1.25

2:4

Exchange weight and WD among neighboring links
2009-07-20 Zhisheng Niu @ Tsinghua University 18
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Performance of the COS

IEEE Trans. on Mobile
“# Computing, 2006

by Michael Fang (EiC of
| IEEE Wireless Comm.)

R4 E (Mbps)

4 5
i g E|
[1] IEEE Network, Jan/Feb 2007
[2] IEEE Trans. Vehicular Tech., March 2008

[3] IEEE Trans. Wireless Comm., 2008 (accepted)

[4] APCC2007 Best Paper Award
19

Integrated Comm and Broadcast NW

+ Existing Approaches are no more Efficient
+ Higher frequency narrows down the cell size and therefore hard
to support high mobility due to frequent handovers and indoor
reception due to attenuation. Also may cause serious co-
channel interferences
+ Should Exploit Broadcasting Nature of Broadcast NW
~ Internet Contents also follow Power Law Distribution

~ Most users visit fewer websites
o BC-NW is in nature broadband, high-volume, wide and
seamless coverage, and reliable information delivery systems
without congestion
« Traffic load of Internet can be dramatically reduced if we can
push most of the Internet and video contents to mass users by

broadcast
2009-07-20 Zhisheng Niu @ Pfinghua University
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Broadcast Channels are Available

#ENiE{S R %t (Mobile Communication Systems)

ZREN W &R
(Air Interface) | (Bandwidth) (Data Rate)
MBMS WCDMA SMHz .32><64kbps
(3GPP, WCDMA) (with 2 Rx antennas)
BCMCS EVDO 1.25MHz . 409.6Kbps
(3GPP2, CDOMA1XEVDO) (with 2 Rx antennas)
TD-MBMS TD-SCDMA 5MHz 128-192kbps
(TD-SCDMA) (with single timeslot )
i@,ﬁf“ﬁgé}‘ﬁﬁerrestrial Broadcast Systems)
FEF R EARA | MBS EETE | FEBNE A EE
#DTMB TMMB MCMMB

It R EHAE)#1T T TD-MBMS FHLEE AL $5iR BT
(A field trial mobile TV reception service based on TD-MBMS
was provided during Beijing Olympic )
2009-07-20 Zhisheng Niu @ Pdinghua University

A New Approach: ICBN

« [THRMEARERTET. ARE, M EHEEMN, BRAHEE

(BC-NW is in nature broadband, high-volume, wide coverage, and in
addition without congestion)

- WFTBMEERESTEMNREZELS

(BC-NW is also very suitable for asymmetry and P-mP traffic)

- 1B, I EMEITELIN ES

(BC-NW can not realize bi-directional communication)

s+ RGN F BB S BRSO T A
(Digitalization of BC-NW make~
the integration possible)

Data | Multimesgia

Digital TV
programs

[1] Z. Niu, L. Long, J. Song, C. Pan,
“A new paradigm for mobile
multimedia broadcasting based on
Integrated Communication and
Broadcast Networks”, IEEE = /]
Communications Magazine, July 2008 @ SR
erminals

2009-07-20 Zhisheng Niu @ P&nghua University
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Key Issues of ICBN

« BETBEETES TYIERESER &
(Unidirectional broadcast NW is not good for data/compressed
video broadcasting)

» HRZER, KERAESREENREFEETERLWTCPY4E
(Narrowband, large RTT and error-prone return channel
deteriorate the TCP throughput)

« ZTACKHARQHFISSBRAFETERE
(ACK-based ARQ scheme is no more efficient)

» FHEMERN I EIERE
(OAM in communication NWs and broadcast NWs are quite
different)

« BIESTBRE LSS EIRER
(Bandwidth allocation of integrated CS and BS)

2009-07-20 Zhisheng Niu @ Tsinghua University 23

Our Contributions

« RETETRES BEMNEHNBaN S FEIFRSHER
(A New Paradigm for Mobile Multimedia Services by
Integrated Communication and Broadcast Network)
» W7 SNDUS R F Bt M sEBE T T 7040
(A New SNDU Layer for Integrated Multimedia Services)
» RHT —MEEMNAKHLE], BRTACKIZIER B
(A New Selective-NAK Scheme to solve the ACK Flooding)
« RHT—MERX T EEENH
(A reliable multicast scheme by local proxy and neighbor
terminals to improve system throughput)
« SNBSS R & MEYE R TCPIMELT T Bt
(A modified TCP protocol for ICBN)
« BETHERAES, WiIETREZNENMY
(A Testbed by combining DTMB and CDMA1X )

2009-07-20 Zhisheng Niu @ Pinghua University
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Testbed of ICBN by DTMB and CDMA1X

MPEG-2%: % 4 *

E
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Testbed for ICBN with Selective NAK based H-ARQ
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GUI of ICBN Testbed
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Demo for File Downloading via ICBN

On-demand file downloading while enjoying DTV programs
either in a separate channel or in the same channel

2009-07-20 Zhisheng Niu @ P8nghua University
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Multi-Dimensional RRM

A Game Theoretical Approach with Auction-like Pricing

==
< 18 T T T T T T T T
gested SNR (4, 6,8,10 ) — Tov1
1B foo gt oot oo e SRR L H
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Performance of our Auction-like Pricing Game

40
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Collaborative Sleeping Mechanism

2009-07-20

BMAP: Batch Markovian Arrival Process

Vacation

BMAP/G/1/K vacation queue

with setup and closedown time >Aije;)rm-
i~ —

[1] Z. Niu, T. Shu, Y. Takahashi, “A Vacation Queue with
Setup/Close-down Times and Batch Markovian Arrival
Process”, Performance Evaluation, 2003
[2] Z. Niu, Y. Takahashi, “A Finite-Capacity Queue with
Exhaustive Vacation and Setup/Close-down Times and
Markovian Arrival Processes”, QUESTA (Queueing Systems:
Theory and Applications), 1999

——

BMAP | I‘ I
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Tel: 86-10-62781423; Fax: 86-10-62773634
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