Two-Phase Proportionating (TPP): a Combined Uplink and Downlink Bandwidth Allocation Algorithm for 802.16-2005 MAC
1 Introduction
· Multimedia (real-time) applications in last mile demand more bandwidth than others
· Among various broadband technologies (ISDN, cable, xDSL, etc), 802.16 (WiMAX) emerges to be a promising candidate
· Low deployment cost, mobility support, large coverage, higher bandwidth than 802.11, in addition to service classes for differentiation
· Therefore
· Need an bandwidth allocation algorithm to carry out the differentiation
· Other requirements: Grant per SS, efficient use of bandwidth in terms of the placement of separator, characteristics of OFDMA which involve the concepts of symbol and subchannel
· Related works (Why not applying the one in WiFi and DOCSIS? Brief the four .16 works)

· Our solution: TPP (Two-Phase Proportionating)
· Based on TDD which is flexible than FDD
· Grant each SS by two-phase proportion

· Maximize both uplink and downlink utilization

· Meet the QoS requirements such as MSR, MRR, etc
· Organization of the article
2 Background
2.1 Overview of the MAC Protocol

2.1.1 Detailed Packet Flow in the MAC layer
· Function blocks and the flow chart

(Fig. 1: Packet flow of the uplink and downlink in the MAC layer)

· Uplink and downlink allocations complete in the MAP builder
· Different allocation strategies determine different system performances
2.1.2 TDD subframe (Fig. 2: TDD subframe structure)
· Frame structure, slot definition for PUSC

2.1.3 Uplink scheduling service classes

· UGS, ertPS, rtPS, nrtPS, BE (Table 1: Characteristics of the scheduling service classes)
2.2 Related works

· Compare with DOCSIS

·  [Hawa ’02], [Wongthavarawat ’03], [Chen ‘05], [Maheshwari ‘06]: Pros & Cons
2.3 Research goals
Develop a BW allocation algorithm that:
· Support GPSS mode
· Meet the QoS requirement (Table 2: QoS parameters of the scheduling service classes)
· Dynamic adjustment of the UL/DL separator
3 Two-Phase Proportionating
3.1 Overview of the Architecture (Fig. 3: Architecture of TPP)
· GPSS ( hierarchical proportion
· Assign uplink and downlink subframes(assign each service queue(assign each SS
· Variable definitions
3.2 Detailed Operations of the Algorithm

· Bandwidth Translation and Slot Dispatching

· Translate bytes to slots, considering MAC header and PHY overhead
· Classify slots according to service classes

· Calculate accumulated variable such as BRQ, MRR, MSR
· 1st Phase: Proportionally divide a frame into DL and UL subframes

· Why symbol isn’t the best choice based on proportion? (Refer to Fig. 2)
· Determine which symbol as separator

· 2nd Phase: Proportionally divide each subframe for queues

· Assign minimum required slots for a queue

· Proportionate remainder slots
· Per-SS Bandwidth Assignment within each queue
· Assign minimum required slots for SS

· Average remainder slots to SS for uplink

· EDF, FIFO for downlink
· Example (Fig. 4: Pseudo code of the algorithm)
4 Simulation
4.1 Simulation Environment

· DOCSIS module with OPNET
· Simulation scenarios (Fig. 5: Simulation scenarios within 1 BS and 16 SSs)
(Table 3: Simulation parameter)
4.2 Simulation Results
· Fixed vs. dynamic separator placement
· Y: channel utilization vs. X: number of SSs (Fig. 6: Channel utilization under different numbers of SSs) [UL, DL]
· Effectiveness of secondary proportion

· Y: channel utilization vs. X: number of SSs (Fig. 7: Effectiveness of the secondary proportion) [with secondary proportion, direct averaging]
· FDD vs. TDD

· Y: channel utilization vs. X: number of SSs (Fig. 8: Channel utilization of FDD and TDD, bandwidth of FDD is double of TDD) [FDD, TDD]

· Service differentiation
· Y: average delay vs. X: time (Fig. 9: Average delay of the service classes ) [4 kinds of service classes]
· Y: throughput vs. X: number of SSs (Fig. 10: Fairness of TPP and strict priority) [4 kinds of service classes, 8 curves in total]
5 Conclusions and Future Work
· A bandwidth allocation algorithm (TPP) is proposed

· Meet minimum requirement of each service class
· Dynamic adjust uplink and downlink subframes
· Observations according to simulation results

· Future plan to subchannel allocation and contention slots
· Subchannel allocation to rectangularity

· Number of contention slots used for nrtPS and BE
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