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1. Introduction
5-step bandwidth request (BR) procedure is introduced in Fig.35 of SDD [1] for both contention-based and non-contention-based requests. A mobile station (MS) sending contention-based request has to start a timer and waits for UL allocation from base station (BS). The MS enters back-off procedure for contention resolution when collision occurs. The overall procedure latency would be too long for some delay-sensitive services. In the contribution, we propose to add quick acknowledgement signals to declare the reception status of contention message so that the latency could be shortened.
2. Scenarios for contention-based bandwidth request procedure
Multiple MSs may simultaneously send BRs over ranging opportunities/ranging channels for UL transmission. If the ranging codes are decodable, BS may allocate resource at some frames later. If the ranging codes are not decodable, it is not time-efficient for MS to simply wait for a contention resolution time interval, without knowing contention results in advance. Unexpected BR ranging latency may occur when one of the following scenarios happens:

1. Mis-detection of BR indicator: The low SNR caused by noise spreading or frequency-selective fading in the multi-carrier environments leads to un-decodable BR ranging codes, which usually happens when too many ranging codes are conveyed by a single ranging slot. 
2. Insufficient bandwidth: The BS successfully decodes the received BR ranging codes/BW-REQ but has insufficient bandwidth to satisfy all requests.
3. Code collision: At least two MSs have selected identical BR ranging code and ranging slot, as illustrated in Fig 1.
In all scenarios the SS has no way to detect the collision but waits for its timer expiration, which leads to long delay in the bandwidth request procedure.
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Figure 1: Two MSs selected identical ranging code and ranging slot

3. Quick acknowledgement
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Figure 2: Proposed BW-REQ procedure
Figure 2 shows the proposed bandwidth request procedure for contention-based requests. Compared with the procedure in the SDD, two additional acknowledgement signals are inserted at step 2 and step 4, respectively. After allocating contention-based BR channels, the BS optionally broadcasts a response signal in a later frame to declare the reception status of all bandwidth request indicators. The timing of the response signal is FFS. The signal reduces the delay incurred by scenario 1 and 2. MS can determine the necessity of back-off procedure as soon as possible. The other acknowledgement signal is used to declare the reception status of BR-REQ message. With this message, the scenario 3 can be prevented and the scenario 2 can be resolved by allocating resource to the MSs at later frames. Since BS announces the collision of BW-REQ messages instantaneously to avoid MSs’ waiting for the expiration of their ranging timers. The latter acknowledgement signal is also appeared in [2].
Note that Figure 2 mainly shows the concept of quick acknowledgement. The acknowledgement signal may be an indicator or a message. And also, it is possible to send the acknowledgement and grant message at once so as to reduce the procedure latency. For example, acknowledgement is combined with resource grant into a single message (as shown in Fig.3) or the two messages are sent separately in the same frame. The detail design is FFS.
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Figure 3: Example of combing acknowledgement signal with grant message

4. Proposed Text for SDD

[In TGm SDD[1], ]
-------------------------------  Text Start  ---------------------------------------------------------------------------------- 
1. Replace Figure 35 by the following one
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2. Insert the following text into the end of the second paragraph of 11.9.2.5
“… In step 2 and step 4, BS may optionally send message to acknowledge the reception status.”
-------------------------------  Text End  ------------------------------------------------------------------------------------

[1] IEEE 802.16m-08/003r4, “The Draft IEEE 802.16m System Description Document” 

[2] IEEE 802.16m-08/635, “BW-REQ channel design recommendations for IEEE 802.16m”
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