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Design Considerations for UL Ranging Channel in 802.16m

Yih-Shen Chen, Kelvin Chou, I-Kang Fu, and Paul Cheng

MediaTek Inc.
1. Introduction 
Uplink (UL) ranging channel is a region where mobile stations (MS) maintain link quality or perform accessing to network. The ranging channel is split into many ranging opportunities (RO) and each RO is chosen randomly with equal probability. To perform ranging, MS chooses a RO and sends a ranging code onto it and then waits for the response from BS. The ranging code currently used is PRBS code which is a pseudo random sequence. If more than one ranging code is received in a single RO, the codes may be still detectable but the detection rate decreases as the number increases. Obviously, the number must be lower than a threshold; otherwise, code collision occurs. Another code collision scenario comes from that at least two user selects identical ranging code and RO. 
In this contribution, we propose a flexible UL ranging channel configuration to efficiently partition the ranging channels and ranging codes. And, we also discuss fast response mechanism for UL ranging channels. 
2. Partition of ranging channels and codes
In 802.16e, four kinds of ranging purposes are defined: initial ranging, HO ranging, periodic ranging and BR ranging. They are further categorized into two ranging channels: initial ranging/HO ranging and periodic ranging/BR ranging. However, the PRBS ranging codes are partitioned into four code sets for the four ranging purposes. The number mismatch between ranging code sets and ranging channels seems to allow overlapping configuration; that is, the initial ranging/HO ranging and periodic ranging/BR ranging may partially or overly share the same physical OFDM time-subchannel region. 

	
	Overlapping partition
	Non-overlapping partition

	Advantage
	- High bandwidth efficiency
	- No collision between high and low priority rangings
- Larger code pools for each ranging

	Disadvantage
	- High-priority ranging may collide with low-priority ranging
- Smaller code pools for each ranging
	- Low bandwidth efficiency




Table 1: comparisons of ranging channel partition methods

Table 1 shows the comparisons between the two partition methods. When the number of MS is small, the overlapping partition method is better due to the bandwidth sharing. As the number of MS increases, non-overlapping partition method is better because the collision between different priority ranging requests can be avoided. Obviously, the ranging channels should be partitioned according to the network loading. Therefore, in the contribution, we propose a flexible UL ranging channel configuration. The UL ranging channels are categorized into three kinds:

· General-purpose ranging channel (G-RCH): G-RCH is applied for all ranging purposes.

· Specific-purpose ranging channel (S-RCH): S-RCH is applied for a specific set of ranging purpose.

· Dedicated ranging channel (D-RCH): D-RCH is applied upon the assignment from MAC management message for quick ranging.

The ranging codes for the G-RCH and S-RCH are partitioned accordingly. For example, if the network wants to reduce the forced termination rate for handover MSs, the HO ranging requests can be applied in S-RCH and the other kinds of ranging requests are applied in G-RCH. And, the corresponding ranging code partition is illustrated in Fig. 1. As to D-RCH, the ranging code is assigned by the MAC management messages, such as: MOB_PAG-ADV and etc. 


[image: image1]
Figure 1: an example of ranging code partition

3. Fast response mechanism for UL ranging channel
Since BS may decode multiple ranging codes in ranging opportunities/ranging channels, it takes some time to handle the corresponding procedures. It is not time-efficient for SS to simply wait for a contention resolution time interval, without knowing contention results in advance. A ranging collision may happen when one of the following scenarios happens:

1. The low SNR caused by noise spreading or frequency-selective fading in the multi-carrier environments leads to undecodable ranging codes, which usually happens when too many ranging codes are conveyed by a single ranging slot, as illustrated in Fig. 2.
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Figure 2. Ranging failure caused by ranging code collision
As shown in Fig. 2, when an 802.16e MS sends a ranging code for initial ranging, it starts a T3 timer to wait the response from BS. If the timer expires, the MS performs backoff algorithm to calculate the next ranging instance. The overall delay causes by ranging collision can be calculated by

                     Delay = (T3+backoff_time)*R,             
                    (1)

where T3 is the timer value ranging from 60ms to 200ms and R is the number of retry. As to the BR ranging request, eq. (1) is still applied and the T3 timer is replaced by “Contention-Based Reservation Timeout”.
2. The BS successfully decoded the received ranging codes but has insufficient bandwidth to satisfy all requests, as illustrated in Fig. 3.
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Figure 3. Ranging failure due to insufficient bandwidth
3. At least two SSs have selected identical ranging code and ranging slot, as illustrated in Fig. 4.
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Figure 4. Two SSs selected identical ranging code and ranging slot

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 network entry process.
The ranging collision in scenario 1 can be detected by the BS when it received a ranging slot which contains undecodable ranging code. In the case that either a ranging collision is detected (scenario 1) or the BS decides to ignore the ranging request due to insufficient bandwidth (scenario 2), the BS should broadcast its decoding status of each ranging slot in the subsequent DL sub-frame, as illustrated in Figure 5. 
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Figure 5. Report of the ranging code decoding status

The reporting of the decoding status can be in the form of a MAC management message or just a bitmap for minimum overhead, as illustrated in Fig. 6. In this example, the ranging status indicator is a bitmap in which each bit represents the decoding status of its corresponding ranging slot in the previous UL sub-frame. The fourth 0 bit indicates a ranging collision, while the seventh bit indicates the drop of the ranging request by the BS due to insufficient bandwidth. The MS, upon received the ranging status indicator, cannot know whether its ranging request is collided or dropped by the BS. However, the MS is able to know and react to the failure of its ranging immediately. 
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Figure. 6: Concept of ranging status indicator
As to the ranging collision in scenario 3, at this moment there is no way for either BS or MS to detect such collision until the RNG-REQ messages are collided. However, by using mechanisms similar to the aforementioned one, the BS can still announce the collision of RNG-REQ messages instantaneously to avoid MSs’ waiting for the expiration of their ranging timers, as illustrated in Fig 7.
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Figure. 7: Fast report of the RNG-REQ decoding status
4. Proposed Text for SDD

[Insert the following text into TGm SDD ]
-------------------------------  Text Start  ----------------------------------------------------------------------------------11.x Uplink Control Structures

11.x.y UL ranging channel

11.x.y.1 Configuration of UL ranging channel
The UL ranging channel is flexibly configured into three kinds:

· General-purpose ranging channel (G-RCH): G-RCH is applied for all ranging purposes.

· Specific-purpose ranging channel (S-RCH): S-RCH is applied for a specific set of ranging purpose.

· Dedicated ranging channel (D-RCH): D-RCH is applied upon the assignment from MAC management message for quick ranging.
The ranging codes for the G-RCH and S-RCH are partitioned accordingly.
11. x.y.2 Fast response message for UL ranging channel

Since BS may decode multiple ranging codes in a ranging channel, it takes some time to handle the corresponding procedures. It is not time-efficient for MS to simply wait for a contention resolution time interval, without knowing contention results in advance. To reduce the unnecessary delay, a fast response message is required so that the MS can determine its next operation properly. The fast response message may be a status indicator to represent the contention results of a RO; or, it may be an overloading indicator to indicate that too many MSs sent out ranging requests. The detail design of the fast ranging message is TBD.
-------------------------------  Text End  ------------------------------------------------------------------------------------
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