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The proposed CRC structure for P-SFH in IEEE P802.16m AWD (16.3.6)
Youngsoo Yuk, Jinsoo Choi
LG Electronics
1. Introduction
In IEEE P802.16m/D3, the detailed design of P-SFH CRC is missing. This contribution proposes the detail design of P-SFH CRC.
2. Design considerations on P-SFH CRC 
The separate CRC for each SFH has the following gains.

A) By referring the S-SFH change count in P-SFH, AMS can skip to decode S-SFH when there is no change in S-SFH change count.
B) In case the S-SFH is failed to be decoded but P-SFH is decoded correctly, AMS can continue to TRX with AMS if there is no change in S-SFH change count in P-SFH.
Table 1 shows the comparisons of AMS operation under different conditions. The condition 4 is the most common case since Pe,P-SFH shall be equal or smaller than 1% (Pe,S-SFH). In addition, because “change period” may be large enough (50 for 1sec, 3000 for 1 min, 180000 for 1 hour), condition 2 is the case we can frequently meet. 
In case of condition 4 and 2, both A) and B) gains can be obtained. 
In a point of SFH BLER, if change period is large enough (1 hour), the BLER is Pe,P-SFH with separate CRC while the BLER is Pe,S-SFH with composite CRC. Since Pe,P-SFH shall be equal or smaller than 1% (Pe,S-SFH), the separate CRC gives more gain.
Table 1. Comparison between composite CRC and separate CRC with various conditions (same MCS for P-SFH and S-SFH)
	
	Decoding Condition
	Probability with cell edge AMS 
	One CRC for P-SFH and S-SFH
	Separate CRC for P-SFH and S-SFH

	
	P-SFH
	S-SFH
	Change in S-SFH
	
	
	

	1
	Error
	-
	-
	Pe,P-SFH
	Stop UL transmission
	Stop UL transmission

	2
	OK
	Error
	No change
	(1-Pe,P-SFH)x1% x (1-1/change period)
	Stop UL transmission
	Decode P-SFH only, and continue to TRX

	3
	OK
	Error
	change
	(1-Pe,P-SFH)x1% x 1/change period
	Stop UL transmission
	If SP3 is transmitted, no impact is expected.

Otherwise, stop UL transmission.

	4
	OK
	OK
	No change
	0.99(1-Pe,P-SFH)x (1-1/change period)
	Decode both SFH and continue to TRX
	Decode P-SFH only, and continue to TRX

	5
	OK
	OK
	change
	0.99(1-Pe,P-SFH) x 1/change period
	Decode both SFH and continue to TRX
	Decode both SFH and continue to TRX


However the drawback of separate CRC is the overhead. Generally with the assumption that the error pattern is uniformly distributed, the probability of CRC detection failure is 1/2N_CRC and, if the block error rate is Pe,P-SFH, the overall CRC detection failure rate is Pe,P-SFH/2N_CRC. If the target block error rate is 1% and the target overall CRC detection failure rate is 1E-4, N_CRC should be larger than 7 bits. 7bits CRC requires 1.05 LRUs (84 tones).
If we use additional information in P-SFH, we can achieve the requirement with lower CRC bits.  After decoding P-SFH, AMSs will parse the information field in P-SFH. To reduce the size of the CRC, we can exploit the fields in P-SFH, which are 4bit-SFN (LSB of Super frame number) and MSB 2bit of S-SFH change count. 4bit SFN can be used without additional complexity. Even though CRC decoding cannot detect block error, if incorrect SFN is shown, the AMS can know the decoding error occurred.

To make a target CRC error rate, we should analysis the impact of CRC error in P-SFH. Table 2 shows the case we can meet in case of P-SFH decoding failure. With case 1, separate CRC has a gain of reducing decoding overhead. With case 3, separate CRC has a gain of continuing normal operation. 
With case 5, separate CRC has possibility of wrong operation by skipping S-SFH decoding. However case 5 occurs only if following 5 conditions are met.
1) P-SFH decoding Failure (P1 = Pe,P-SFH  <= 1% ), 
2) CRC detection error (P2= 1/2N_CRC), 
3) Transmitted S-SFH change count is changed (P3=1/change period),
4) Detected 4bit SFN has no error (From the simulation result, P4 ≈ 0.1~0.2 at -7~-6dB)
5) Detected 4bit S-SFH change count has the same as the value before changing. (Assuming random error pattern, P5≈ (1-P4 )*1/15 )
If we assume that N_CRC =4, change period is 1sec, P4 = 0.2, 
The probability of case 5 with the AMS having SNR of -6dB is Pcase5 ≈ 0.01 * 1/16 * 1/50 * 0.2 *(1-0.2)*1/15 = 1.3E-7.
Table 2. Comparisons of impact on the system with/without separate CRC in different condition.
	Cases
	P-SFH Decoding
	CRC
	Transmitted S-SFH change count
	Detected S-SFH change count
	Probability with cell edge AMS
	Composite CRC
	Separate CRC

	0
	OK
	OK
	-
	-
	1- Pe,P-SFH
	
	

	1
	Error
	Detect Error
	-
	-
	Pe,P-SFH (1- 1/2N_CRC)
	To try to decode S-SFH

If overall CRC is not OK, stop UL transmission
	Skip decoding S-SFH &

No operation

	2
	Error
	Fail to detect error
	Not change
	change
	<<(1-1/change period)* Pe,P-SFH/2N_CRC
	To try to decode S-SFH

If overall CRC is not OK, stop UL transmission
	To try to decode S-SFH

If decoding of S-SFH is failed, stop UL transmission

	3
	Error
	Fail to detect error
	Not change
	Not change
	<<(1-1/change period)* Pe,P-SFH/2N_CRC
	To try to decode S-SFH

If CRC fail, stop UL transmission
	Skip decoding S-SFH & no impact on the procedure

	4
	Error
	Fail to detect error
	change
	change
	Pe,P-SFH/2N_CRC /change period
	To try to decode S-SFH

If overall CRC is not OK, stop UL transmission
	To try to decode S-SFH

If decoding of S-SFH is failed, stop UL transmission.

	5
	Error
	Fail to detect error
	change
	Not change
	<<Pe,P-SFH/2N_CRC /change period
	To try to decode S-SFH

If overall CRC is not OK, stop UL transmission
	Skip decoding S-SFH.

To perform wrong operation


To find proper size of CRC which achieves requirements with the help of SFN parsing, we performed computer simulation with various sizes of CRC. Table 3 shows the simulation environment, and Figure 1 shows the simulation result.
Table 3. Simulation Assumption

	Total available bandwidth
	10 MHz (1024 subcarriers)

	Carrier Frequency
	2.5GHz

	Number of OFDM symbols per subframe
	5

	Number of information bits of P-SFH including CRC
	24

	Number of LRUs for P-SFH
	4

	Number of Antennas
	2 transmitter antennas, 2 receiver antennas [2Tx,2Rx] 

	MIMO mode
	2x2 SFBC

	Modulation/Coding
	QPSK, 1/2 TBCC with 12 repetitions in the frequency domain

	MIMO Receiver
	MMSE

	Traffic model
	eITU-PedB 3 km/h

eITU-VehA 120 km/h

	Channel estimation
	2-D MMSE channel estimator 

	Size of CRC
	4, 5, 6, 8

	Generating Polynomials
	G(x) = x4 + x + 1 (ITU-T G.704)
G(x) = x5 + x4 + x2 + 1 (ITU-T G.704 & CRC for Quick Access Message)
G(x) = x6 + x + 1 (ITU-T G.704)
G(x) = x8 + x7 + x6 + x4 + x2 + 1

	Target BLER for P-SFH
	1%  (SNR -7 ~ -6 dB)

	Target CRC detection failure probability
	0.01%


Generally, to achieve 95% coverage, target SNR required is around -6dB for all scenarios. In addition, with 1% of the target BLER of P-SFH, -6.4~-6.7 dB of SNR is required with the simulation environment. 
Without SFN parsing, only CRC-8 met the requirement. In case of CRC-6, it almost achieves the requirement. 

With SFN parsing, all CRC sizes used for simulation met the requirement in the simulation results. 
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(a) Simulation result under Pedestrian B channel        (b) Simulation result under Vehicular A channel 

Figure 1. link level simulation results of the probability of CRC detection failure.
One additional consideration is the number of LRUs for SFH. 

1) If P-SFH and S-SFH uses separate LRUs, the preferred numbers of bits for P-SFH including CRC are 20, 26 and 33 (for 3, 4 and 5 LRUs respectively).

2) If S-SFH follows P-SFH without padding for LRU alignment, the preferred sizes of P-SFH are different along with the size of S-SFH. In current D3, SP1 requires 98bits including CRC, SP2 requires 107bits and SP3 is TBD(59 + TBD bits). In this case, the preferred sizes of P-SFH are 22, 28 and 35 bits (18, 19 and 20 LRUs total(P+S-SFH)) for SP1 and 26 and 33 bits for SP2 (20 and 21 LRUs). In case no S-SFH is transmitted, 20,26 and 33 bits are preferable (3,4 and 5 LRUs).
From the analysis, 26bits can be a candidate for the size of P-SFH, and 4~6 bit-CRC can be used according to the number of bits for reserved. 
In addition, if no SP is transmitted, we can save the resource for transmitting 16bit overall CRC (2 LRUs can be saved per transmission). Assuming 80ms of period for SP1 and SP2, and160ms of period for SP3, during 160ms the maximum number of superframe including SPxs is 5 superframes out of 8 superframes. We can save 6 LRUs per every 160ms but additional overhead for P-SFH CRC is 3 or 4 LRUs. As a total, 2 or 3 LRUs can be saved by using short size of separate CRC for P-SFH.
In addition , if different MCSs are being used for P-SFH and S-SFH, overall CRC may be encoded with different coding rate according to whether any SPs is transmitted or not.
Table 4. The sizes of P-SFH including CRC which have minimum size of padding bits with given LRU sizes for various transmission cases of SPx in S-SFH. (MCS of S-SFH is 1/24 QPSK )
	Number of LRUs for SFH (P-SFH + S-SFH)
	3 LRUs
	4
	5
	6
	18
	19
	20
	21

	No SP (0 bits)
	20 bits
	26
	33
	
	-
	-
	-
	-

	No SP with CRC (16bits)
	
	
	
	24
	
	
	
	

	With SP1 (98 bits)
	-
	-
	-
	
	22
	28
	35
	42

	With SP2 (107 bits)
	-
	-
	-
	
	
	19
	26
	33

	With SP3 (59 + TBD)
	-
	-
	-
	
	TBD
	TBD
	TBD
	TBD


-------------------------------  Start of Text Proposal ---------------------------------------------------
[ Recommended AWD Text Proposal  (16.3.6.3.1.1, page 370, line 26)]
16.3.6.3.1.1 Primary Superframe Header

Figure 509 shows the physical processing block diagram for the P-SFH.

The P-SFH IE shall be appended with NCRC,P-SFH  5 bits CRC.
The generating polynomial G(x) = x5 + x4 + x2 + 1.
-------------------------------------- End of Text Proposal -------------------------------------------
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