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IntroductionIntroduction

• IEEE 802.16 is a candidate for achieving high-speed 
fixed-wireless/mobile access services

• IEEE 802.16 employs AMC (Adaptive Modulation 
and Coding) to convey data transmissions

• For service area expansion and throughput 
enhancement, IEEE 802.16 MMR (Mobile Multi-Hop 
Relay) is proposed 
– Based on IEEE 802.16 PMP (Point-to-Multi-Point) mode

– RS (Relay Station) is introduced for relaying services 
between BS and SS
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IntroductionIntroduction

• Efficiency of radio resource utilization could be 
degraded under IEEE 802.16 MMR circumstances
– BS and RS simply take turns to use radio resource 

– Only one station can transmit a packet on a frequency/sub-
carrier at one time

• To improve the efficiency of radio resource 
utilization, a basic concept of MAP Multiplexing 
approach is proposed
– Enable stations to transmit packet simultaneously 
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Overview of IEEE 802.16Overview of IEEE 802.16

• In the PMP mode, BS arranges all the transmission 
timing both from BS and SS using the broadcast 
message called MAP
– DL-MAP / UL-MAP

• Each SS receives the traffic destined to itself and 
sends traffic BS at a timing specified by MAP

• CID (Connection Identifier) is used for connection 
identification between BS and SS

• The MAP message has IEs (Information Elements) 
that include CID and the start timing of traffic 
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IEEE 802.16 Frame StructureIEEE 802.16 Frame Structure
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Overview of IEEE 802.16 MMROverview of IEEE 802.16 MMR

• In IEEE 802.16 MMR, RS relays traffic between BS and SS for

– Throughput enhancement

– Coverage extension

• Because the MAP of IEEE 802.16 has no IEs in which the start 
timing overlaps the start timing of another IE, the BS and SS 
simple take turns to use the frequency
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Downlink data transmission Downlink data transmission 

(IEEE 802.16 MMR)(IEEE 802.16 MMR)
Finish Timing
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Proposed MAP Multiplexing ApproachProposed MAP Multiplexing Approach

• Assumption
– BS arranges the transmission timing for all SS including SS 

under RS

• Approach
– SS needs to inform BS of the BS/RS identification that can be 

the interference for the communication

– RNG-REQ message is modified for interference report

• Interference occurs at SS2 if BS transmits a packet while RS 2 
transmits a packet to SS2
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Proposed MAP Multiplexing ApproachProposed MAP Multiplexing Approach

• Approach
– SS management table is used to maintain the information on 

SS

• Identification of SS

• Point of attachment of SS

• The interference stations informed by SS’s RNG-REQ message
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Proposed MAP Multiplexing ApproachProposed MAP Multiplexing Approach

• When BS creates a MAP 
message
– BS checks the SS management 

table and schedules packets 
unless interference occurs

Example algorithm
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Proposed MAP Multiplexing ApproachProposed MAP Multiplexing Approach

Finish Timing
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Performance EvaluationPerformance Evaluation

• Simulation Model

Topology-1

Topology-2



14

Performance EvaluationPerformance Evaluation
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Total Throughput in topology Total Throughput in topology –– 11

(Normal MAP)(Normal MAP)

~5.7Mbps
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Total Throughput in topology Total Throughput in topology –– 11

(MAP Multiplexing)(MAP Multiplexing)

~10.5Mbps

84% enhanced
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Average endAverage end--toto--end delay in topologyend delay in topology--11

(Normal MAP)(Normal MAP)

Lack of available resource

Lack of available resource
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Average endAverage end--toto--end delay in topologyend delay in topology--11

(MAP Multiplexing)(MAP Multiplexing)

Rise smaller
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Throughput of each connectionThroughput of each connection

(Normal MAP)(Normal MAP)

SS0 and SS1 degrade SS2 degrades
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Throughput of each connectionThroughput of each connection

(MAP Multiplexing)(MAP Multiplexing)
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ConclusionConclusion

• The paper introduces a MAP Multiplexing approach 
to enhance the radio resource utilization under IEEE 
802.16 MMR
– Gathering proper interference information by SS is necessary 

MAP multiplexing

• MAP multiplexing reduces the end-to-end delay and 
the improves radio resource utilization

• Spatial Diversity


