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Proposal to Use a Single CRC for Both P-SFH and S-SFH in the 802.16m AWD (16.3.6)
Yi Hsuan, Tom Harel, Hujun Yin, Shantidev Mohanty
Intel Corporation
1. Introduction
In the current SFH physical channel design, a P-SFH CRC is generated based on P-SFH IE and encoded together with P-SFH IE. A separate CRC is generated based on S-SFH IE and encoded with S-SFH IE. When P-SFH and S-SFH exist together in a subframe, two CRCs create extra overhead and reduce the overall SFH IE capacity. This contribution is to propose a design where P-SFH and S-SFH can share one CRC, thus providing more room for S-SFH IE.
2. How to Avoid CRC in P-SFH
In the current AWD text, two CRCs are appended to and coded with P-SFH and S-SFH respectively. As shown in the following figure, if P-SFH and S-SFH coexist in one superframe, two CRCs are needed, while one CRC is enough to provide error detection for both P-SFH and S-SFH. Different colors in the figure stand for different code blocks.
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Figure 1: CRC in P-SFH and S-SFH of the current design.
Figure 2 illustrates our proposal to use a single CRC for both P-SFH and S-SFH. The proposal has one CRC coded with S-SFH only. The CRC is generated from both P-SFH IE and S-SFH IEs of the same superframe. At the receiver side, MS decodes P-SFH first and then decodes S-SFH based on the information in P-SFH. If decoding error happens in either P-SFH or S-SFH, the CRC check in S-SFH would fail. In some superframes, there may be no S-SFH IE at all, in this case, a CRC is generated, coded and transmitted separately to allow error detection for P-SFH as shown in superframe 4 of Figure 2.

[image: image2]
Figure 2: Proposal to use a single CRC for P-SFH and S-SFH

3. Analysis to address some concerns about using a single SFH CRC
Based on the discussion in the session #64, some members have concerns about using a single SFH CRC because

1. P-SFH CRC can indicate that P-SFH is decoded correctly or not. If P-SFH is decoded correctly and S-SFH change count does not change, AMS can skip decoding S-SFH.

2. P-SFH has lower decoding error rate than S-SFH. Using one CRC means P-SFH decoding results are treated as error if S-SFH is not decoded correctly. This makes P-SFH error rate as high as S-SFH error rate.

3. If AMS always needs to decode both P-SFH and S-SFH as the proposed design, a decoding failure of S-SFH means that AMS needs to stop UL transmission because new S-SFH IE may be missed. If two CRCs are used, AMS can still operate normally if only P-SFH is decoded successfully and S-SFH change count is unchanged.
For the first item, skipping S-SFH decoding does not have much benefit in power saving because AMS has to wake up to decode P-SFH anyway. For the second item, although S-SFH error rate can be higher than P-SFH error rate due to higher code rate, the target error rate of S-SFH is still 1% or less. We will consider this factor in the following analysis. 
The third item is a valid concern because the probability that AMS should stop UL transmission due to SFH decoding failure should be minimized. This happens when S-SFH subpacket 1 and 2 are not decoded correctly as they contain critical system information. If we assume S-SFH IE can change every superframe, the probability of UL transmission interruption for AMS at cell edge is 
PUL_Tx_Int=PP-SFH + (1-PP-SFH)*PS-SFH, 
where PP-SFH is the error rate of P-SFH and PS-SFH is the error rate of S-SFH. This probability, which is roughly 2%, is the same for both one CRC and two CRC designs. This probability of UL transmission interruption is apparently too high. 
In reality, S-SFH subpacket is not going to very often. Moreover, the SFH updating mechanism also has an impact on the probability under discussion. The SFH updating procedure is not finalized in the standard. There are two proposals in session #64 ([1] and [2]) regarding S-SFH updating procedure. Both proposals uses the concept that new S-SFH IE is not applied immediately. ABS needs to transmit the new IE for a certain period of time before the new IE is applied. With this in mind, AMS does not need to stop UL transmission whenever P-SFH is not decoded correctly. AMS only needs to stop UL transmission when S-SFH change count is changed and the new IE is not received correctly.
Suppose an S-SFH subpacket change interval is once every n transmissions. ABS transmits the new subpacket m times before it takes effect. To simplify the analysis, it is assumed that the subpakcet is transmitted every superframe. The probability of UL Tx interruption is summarized in the following table with different updating procedure design. There is also a chance that AMS doesn’t realize new S-SFH IE is transmitted and still use the old IE after the new IE is applied by ABS. This probability is denoted by PSFH_error.
	
	One CRC Design
	Two CRC Design

	PUL_Tx_Int 
	- 0 for updating procedure in [1]
- Non-zero for updating procedure in [2]. It happens when a SFH decoding failure occurs after a successful SFH decoding.
	{[PP-SFH + (1-PP-SFH)*PS-SFH]m - (PP-SFH)m }*m/n

	PSFH_error 
	[PP-SFH + (1-PP-SFH)*PS-SFH]m*m/n
	(PP-SFH)m*m/n


It can be seen that the two CRC design is more capable to detect when to stop UL transmission due to missed S-SFH IE. Therefore the two CRC design in general has lower PSFH_error and higher PUL_Tx_Int. However PSFH_error is generally very low. For example let’s assume PP-SFH = PP-SFH = 0.01, m=4, n=100. For the one CRC design, PSFH_error ≈ 6.3*10-9, which corresponds to one occurrence of invalid UL transmission every 37 days.
In summary, using one CRC for both P-SFH and S-SFH has negligible performance impact on the system with a proper S-SFH updating procedure. It is recommended to use the proposed one CRC design to save P-SFH overhead and increase S-SFH capacity.
4. Reference

[1] IEEE C802.16m-09/2619
[2] IEEE C802.16m-09/2329r3
-------------------------------  Start Text Proposal --------------------------------------------------- 
[ Recommended AWD Text Proposal 1 (Section 16.3.6.3.1.1, page 370, line 35) ]
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Figure 509 – Physical processing block diagram for the P-SFH
The P-SFH IE shall be appended with NCRC,P-SFH bits CRC.
The resulting sequence of bits P-SFH IE shall be encoded by the TBCC described in << 15.3.12.2>> 16.3.11.2 with parameter …
[ Recommended AWD Text Proposal 2 (Section 16.3.6.3.1.2, page 371, line 11) ]
The S-SFH IE shall be appended with a 16-bit CRC. The CRC is generated as described in 16.3.11.1.1, based on concatenation of P-SFH and S-SFH IE in the same subframe with the first bit of P-SFH IE as MSB and the last bit of S-SFH IE as LSB. If S-SFH IE is not present, the CRC is generated based on P-SFH IE only and passed to the channel encoding block without S-SFH IE.
-------------------------------------- End of Text Proposal -------------------------------------------
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