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Motivation
ÁBy 2017, 7 trillion wirelessdevices

ÅEmerging technologies: broadband wireless 

access, vehicular and mesh networks

ÅIncreasedmobility, bandwidth,coverage
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Summary
ÁFutureaccessnetworkswill seeconvergenceof fiber andwireless

ÁQuality-of-Serviceis crucial

ÁDesigningjoint fiber-wirelesscross-layerprotocolsthatwill provideQoSguarantees

ÁResultswill beevaluatedin a testbed

Active-switched Fiber Networks

Performance Evaluation

Future Wireless Networks

Cross-layer Protocols for Converged Access Networks
ÁSharing information among layers enables optimizing metrics such as delay,

throughput,andfairness

Pure fiber Fiber-Wireless Fiber-Wireless mesh

WiMAX vs WiFi coverage
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Previous Work
Parameter Interactive 

Gaming

Voice Streaming 

Media

Data Video

Data Rate 50-85 Kbps 4-64 Kbps 5-384 Kbps unlimited > 1Mbps

Traffic Real-time Real-time, 

continuous

Continuous, 

bursy

Non-real time, 

bursty

Continuous

Packet Loss Zero < 1% < 1-2% Zero < 10-8

Delay <50-150ms < 30ms < 250ms Flexible <100 ms

Parameter LTE WiMAX (802.16) WiFi (802.11n)

Range 4km (optimal)

30km (reasonable)

6km (NLOS)

50km (LOS)

100m indoors

200m outdoors

Data Rate (Downlink)300 Mbps 45 Mbps (current)

1 Gbps  (802.16m)

600 Mbps

Data Rate (Uplink) 75 Mbps 7 Mbps same as above

Availability By 2010 Currently available

802.16m to be drafted

Widely deployed 

802.11n as draft

Telecom Providers AT&T, Verizon, T-

Mobile, Vodafone

Sprint, Clearwire, 

Korea (Wibro)

Equipment Providers Motorola, Ericsson, 

Alcatel-Lucent, 

Nortel, Nokia

Intel, Motorola, 

Samsung, Cisco, 

Alvarion

3COM, Cisco, 

Intel, Dell ..

ÁQuality-of-Service requirements vary by application

ÁFuture developments: 

ÅSoftware radio (Vanu), Cognitive Radio, Femtocells

ÁBandwidthnot sharedamongusers

ÅWavelength-striped8 x 10Gbps

ÅConstructedfrom 2x2 switchingblocks

ÅRoutedwith low BERs(< 10-12)

ÁCross-layerdesignof physicalandnetworklayers

ÅBERsignaledto higherlayersfor packetrerouting

Á3G uses T1 as backhaul (slow)

ÁUS Deployments use BPON (Fios)

Å~6 million users

ÁPreliminarywork on fiber-wirelessconvergence:

ÅMostly onarchitectures

ÅNo QoSconsiderations

ÁRadio-over-Fiber, modulated at central office

ÅOnly antenna needed at the edge

ÅReduces deployment cost, increases complexity at central office
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Projected Use of Wireless Applications

300Mb/s
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ÁFiber as backhaul

ÅConvergence at 

the interface

ÅNeed end-to-end 

QoS, transparent 

to technology

Abstract: CIAN is building optical access networks that will remove the 

bottleneck between future high-capacity wireless networks and the core. We 

complement this effort by developing cross layer flow control, QoS 

provisioning, scheduling, channel allocation, and routing algorithms for the 

interfaces between the wireless and the optical access networks. To evaluate 

the algorithms, we are designing wireless-optical bridges that will connect a 

wireless mesh testbed with the Columbia optical testbed. 

ÁUtilize control and optimization decomposition theories, and distributed computation 

ÁMake decisions (routing, scheduling, and power control) based on the queue sizes

ÁOperate only at the wireless domain 

ÁOperate effectively only when the arrival rates are within the capacity region

Developing joint flow control , scheduling, channel allocation, and routing algorithms

ÁFuture wireless networks - higher data rates than some access networks serving them 

Developing joint QoS provisioning, scheduling, channel allocation, and routing 

algorithms

ÁWill develop integrated downlink/uplink optical/wireless algorithm

Optical-Wireless Cross-layer Algorithms
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ÁEvaluatevia simulationandin a testbed

ÅSwitchingfabricatColumbiaUniversity

ÅIP-over-Infiniband

ÅConnectto WiFi AccessPoints,thenWiMAX

ÁIntegration of wireless, wireline, and 

optical functionalities

ÁCIAN StrategicPlan- supportThrust1 crosslayeringefforts
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