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Introduction
In RAN1#88bis, we had a conclusion for initial access and mobility: 
Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Time index indication signaling 
· Content and corresponding payload
· Estimate
· Channel coding
· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI
· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting
In this contribution, we present the performance evaluation results for LDPC and Polar codes. Furthermore, we propose that the LDPC code constructed for dedicated short information block should be adopted for NR-PBCH since it performs better than other coding schemes and has some advantage to implicit transmission of SS block or time indexing. 
Dedicated Code Construction and Performance Evaluation 
1 
2 
There are many construction methods for LDPC codes, however, they fit in asymptotic performance (i.e., the performance of very large-length codes) in most cases. Since the performance of short length codes is affected by a combination of many algebraic properties such noise threshold, cycle and trapping set properties, minimum distance and so on, it is not easy to expect the decoding performance of short length code. 
Based on many theoretical analysis and exhaustive searches, we construct short-length quasi-cyclic (QC) LDPC code and evaluate the performance. The parity-check matrices for some QC LDPC codes are presented in the excel sheet attached separately. To construct the QC LDPC codes, we set the construction parameters as follows: 
- Z = 16
- The last 8 bits among information bits are always shortened.
- The last 8 bits among parity bits are always punctured. 

Note that we don’t introduce a new shift network, in other words, the shift network is basically the same with that of the LDPC codes for data channel. Therefore, we can use the same decoder for data and PBCH channels. 
In this section, the performance evaluation results (BLER) of LDPC and Polar codes are provided for a fixed code-length 864 and K= 64, 80. Simulation assumptions are summarized in the following table. Details of evaluated polar codes are presented in [2], [3]. The evaluated QC LDPC codes are specified by the parity-check matrices given in the excel sheet attached separately. Note that QC LDPC codes in the table employ only 8 CRC bits. Figure 1 presents the reason why the QC LDPC codes need only 8 CRC bits. 
	K
	M
	LDPC (OMS, Offset=0.25, iter 50)
	PC-CA Polar (L=8)

	
	
	CRC
	K+CRC
	CRC
	K+CRC
	PC-frozen
(Reliable)
	PC-frozen
(Unreliable)
	Mother N

	64
	864
	8
	72
	18
	82
	4
	2
	512

	80
	864
	8
	88
	18
	98
	4
	2
	512



[bookmark: _GoBack]According to Figure 1, the worst FAR (false alarm rate) for the QC LDPC codes is less than or equal to 2-8. In other words, the syndrome check of the QC LDPC codes provides an error detection capability equivalent to 8 CRC bits. Therefore, we need only additional 8 CRC bits to achieve the FAR = 2-16.
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Figure 1: FAR evaluation of proposed QC LDPC codes 
Observation 1: The proposed QC LDPC codes have an error detection capability equivalent to 8 CRC bits. Therefore, 8 additional CRC bits for the proposed LDPC codes is sufficient to achieve the FAR = 2-16. 
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Figure 2: Performance evaluation of proposed QC LDPC codes and Polar codes (K=64 and 80)
Figure 2 presents the performance comparison for the QC LDPC and polar codes. Under the assumption of the same FAR = 2-16, the QC LDPC codes performs slightly better than or comparable to polar codes. 

Observation 2: Under the assumption of the same FAR = 2-16, the QC LDPC codes performs slightly better than polar codes. 

Efficient Transmission of SS Block or Time Index
Due to QC property of QC LDPC codes, they can provide efficient encoding and decoding methods to transmit SS block or time index implicitly as presented in our companion contribution [4]. We assume that NR-PBCH data  is CRC-encoded and LDPC-encoded as  and transmit  and  for SS block indices  and  (, as shown in Figure 3. 


Figure 3: Implicit Transmission for different SS block indices 
This method requires the only one LDPC decoding and a blind CRC decoding to recover the implicit data at the receiver without the additional performance degradation. Consequently, QC LDPC codes provide not only a good coding performance but also efficient method for implicit transmission of SS block index. 

Observation 3: QC LDPC codes can provide efficient encoding/decoding methods to transmit SS block or time index implicitly.

Proposal 1: QC LDPC coding is the most suitable for NR-PBCH in terms of decoding complexity, latency and coding performance. Therefore, QC LDPC codes should be adopted for NR-PBCH.

Observations and Proposals 
In this contribution, we present the following observations and proposal:

Observation 1: The proposed QC LDPC codes have an error detection capability equivalent to 8 CRC bits. Therefore, 8 additional CRC bits for the proposed LDPC codes is sufficient to achieve the FAR = 2-16. 
Observation 2: Under the assumption of the same FAR = 2-16, the QC LDPC codes performs slightly better than polar codes. 
Observation 3: QC LDPC codes can provide efficient encoding/decoding methods to transmit SS block or time index implicitly.  

Proposal 1: QC LDPC coding is the most suitable for NR-PBCH in terms of decoding complexity, latency and coding performance. Therefore, QC LDPC codes should be adopted for NR-PBCH.
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