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1	Introduction
In RAN1 #88bis meeting, Ran1 agreed [1] that 
Agreement:
· The primary candidates for PBCH channel coding are: 
· Polar control channel coding scheme, with Nmax <= 512, reusing same decoder
· LDPC data channel coding scheme, reusing same decoder – i.e. no new shift network, but a new base graph may be considered
· LTE TBCC may also be considered if fundamental problems are unresolved with the above candidates
· Evaluate BLER and FAR performance until RAN1#89, with the following assumptions:
· Implementable decoders, i.e.:
· For polar decoding: Lmax = 8
· For LDPC decoding: min-sum variants, flooding 50 iterations
· Info + CRC = 40-100 bits
· Target FAR is that achieved with CRC size = 16
· Starting code rate <= 1/6
· Performance to be compared based on a single transmission with no combining
· Note that it is assumed that PBCH uses Chase combining – i.e. IR is not supported.  
· Decoder power may optionally also be considered

In this contribution, we compare the BLER performance of LDPC and Polar coding for PBCH when they are providing the same FAR. 
2	Performance 
2.1	Proposed LDPC codes 
The LDPC codes we propose for PBCH are defined with the following PCM’s. The first code is for R = 1/6:
  24 29  0 -1 -1 -1 -1 -1 -1 -1 -1
   4 35  0  0 -1 -1 -1 -1 -1 -1 -1
  27 -1 -1 32  0 -1 -1 -1 -1 -1 -1
  33 -1 -1 10 -1  0 -1 -1 -1 -1 -1
  -1 30 -1 34 -1 16  0 -1 -1 -1 -1
  -1 -1 13 21 -1 -1 29  0 -1 -1 -1
   3 32 -1 -1 -1 12 -1 -1  0 -1 -1
  21 -1 22 -1 -1 -1 29 -1 -1  0 -1
  -1 -1 -1 23 -1 -1 16 19 -1 -1  0

The second PCM is for R = 1/12:
  24 29  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
   4 35  0  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 32  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  33 -1 -1 10 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 30 -1 34 -1 16  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 13 -1 -1 -1 29  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
   3 -1 -1 -1 -1 12 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 22 -1 -1 -1 29 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 23 -1 -1 16 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 17 -1 -1  4 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 -1 -1 16 -1 20 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 -1 -1 -1 35 32 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 -1 -1 19 -1  6 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1 -1
  21 -1 -1 -1 -1 26 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1 -1
  -1 -1 -1 10 -1 11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1 -1
  26 -1 -1 -1 -1 -1  7 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1 -1
  24 -1 -1 -1 -1 -1  8 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1 -1
  -1 32 14 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1 -1
  31 -1 -1 -1 -1 29 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1 -1
  20 -1 -1 -1 -1 -1 28 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1 -1
  21 -1 -1  5 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0 -1
  15 33 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1  0
Rate matching and modulo lifting are used to get the code for arbitrary number of info block sizes K. Optimized performance is obtained for 20 <= K <= 100. LDPC codes have inherent error check in the form of syndrome check, i.e. the for every code word v, it holds that Hv = 0. This alone does not provide sufficient protection against undetectable errors, but when used with CRC check, less bits can be allocated to CRC. As a result, effective coding rate is decreased, improving performance and coverage. 
2.2	Simulation parameters 
Based on the analysis on LDPC BLER and FAR performance, results are given in the Appendix, we obtain following simulation parameters, as in Table I, which are suitable to evaluate LDPC and Polar as the FARs are similar. 
For polar codes, we used CA-Polar with 19 CRC bits and advanced repetition scheme as in [2] when coded block size exceeds 512. LTE like repetition is used for LDPC codes to get rate 1/18. 







Table I: Simulation parameters
	
	LDPC (OMS with 50 iteration)
	Polar (CA Polar)

	Information bits (I)
	CRC bits (C )
	K
(I + C)
	Code rate
	Coded block (M)
	CRC bits
(C )
	K
(I + C)
	Coded block (M)
	Mother codeword size (N)

	28
	12
	40
	1/6
	240
	19
	47
	240
	256

	38
	12
	50
	1/6
	300
	19
	57
	300
	512

	50
	10
	60
	1/6
	360
	19
	69
	360
	512

	40
	10
	50
	1/12
	600
	19
	59
	600
	512

	51
	9
	60
	1/12
	720
	19
	70
	720
	512

	29
	11
	40
	1/18
	720
	19
	48
	720
	512

	40
	10
	50
	1/18
	900
	19
	59
	900
	512

	60
	10
	70
	1/18
	1260
	19
	79
	1260
	512

	70
	10
	80
	1/18
	1440
	19
	89
	1440
	512












2.3	Comparison between Polar and LDPC 
Performance results are illustrated in Figure 1-3. 
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Figure 1: BLER versus SNR for rate 1/6
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Figure 2: BLER versus SNR for rate 1/12
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Figure 3: BLER versus SNR for rate 1/18

[bookmark: _GoBack]Observation 1: CA-polar codes outperform LDPC codes for the considered block sizes and code rates. 
3	Conclusion
In this contribution, we compared polar and LDPC codes. With the current LDPC constructions we have following observation, 
Observation 1: Polar codes outperform LDPC codes for the considered block sizes and code rates. 
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Appendix
LDPC rate matching parameters are given in Table II and evaluation results of LDPC BLER and FAR for different block sizes are given as Figure 4 and 5. 
Table 2: Rate matching parameters.
	
	K
	z
	nShortBits
	nParityPunct
	nRepeatedBits
	nSystPunct

	Rate 1/6
	30
	15
	0
	0
	15
	0

	
	40
	22
	4
	0
	2
	0

	
	50
	36
	22
	38
	0
	36

	
	60
	36
	12
	0
	0
	24

	
	70
	36
	2
	0
	26
	0

	
	80
	48
	16
	0
	0
	32

	
	90
	60
	30
	30
	0
	60

	Rate 1/12
	30
	15
	0
	0
	0
	0

	
	40
	22
	4
	22
	0
	22

	
	50
	28
	6
	38
	0
	28

	
	60
	36
	12
	96
	0
	36

	
	70
	36
	2
	0
	0
	22

	
	80
	48
	16
	128
	0
	48

	
	90
	48
	6
	18
	0
	48
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(b)
Figure 4: LDPC BLER and FAR versus SNR for rate 1/6.
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(b)
Figure 5: LDPC BLER and FAR versus SNR for rate 1/12.
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