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1. Introduction
In RAN-1 #89 meeting [1], there was an agreement on polar code construction for PBCH as below: 
	
Agreement:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design



In addition, in the previous meetings [2] and [3], time indication carried in PBCH has been discussed and following agreements have been made:
	
Agreements (RAN1 NR-AH2):
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreements (RAN1 #90):
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be selected by NR-AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block



In PDCCH, it is agreed to use 24-bit distributed CRC (D-CRC). In addition, channel interlever for PDCCH was considered as working assumption [3]. D-CRC, number of CRC bits and channel interleaver should be further studied for NR-PBCH polar coding since NR-PBCH polar coding is same polar code construction as for the control channel. 

In this contribution, we use some basic notations for polar coding chain as followings:
[bookmark: OLE_LINK10][bookmark: OLE_LINK1]- : number of information bits excluding CRC bits
- : number of CRC bits
- : desired code rates ()
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder
2. Code Construction for PBCH
In NR, timing information bits are defined such as system frame number including BCH TTI resolution and burst-set index within BCH TTI and SS block index within burst set. At least three MSBs of SS block index is carried by NR-PBCH payload in explicit way for >6 GHz. Other timing information bits e.g., whole SFN (i.e., 10 bits) also can be carried by NR-PBCH payload. Time index carried in NR-PBCH payload is CRC encoded with rest of PBCH payload to guarantee the error correction and detection capability in polar decoding.
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[bookmark: _Ref492393966]Figure 1 PBCH code design
In LTE, PBCH and PDCCH are not received at the same time, and in NR eMBB, it is also expected that PBCH and PDCCH are not typically taken simultaneously at the receiver. A single hardware logic and scheduling can be efficiently designed to decode both PBCH and PDCCH. Hence, it is preferred in terms of hardware implementation that polar code constructions for PDCCH and PBCH are identical as much as possible. Therefore, 24-bit D-CRC adopted for NR-PDCCH can be also used for NR-PBCH polar coding. However, considering the trade-off between overhead and FAR, the less number of CRC bits for PBCH should be further investigated. 
We evaluate the BLER performance and the early termination gain for NR-PBCH polar coding with 24-bit distributed CRC and 19-bit distributed CRC. The details about the performance evaluation are summarized in Table 1 in appendix. In Fig. 2, the performance of two CRC bits for polar code is represented. The NR-PBCH polar coding with 19-bit CRC has about 0.3dB better performance than that with 24 -bit CRC. Fig 3 presents the average computation reduction ratio to compare the early termination gain between 24-bit CRC and 19-bit CRC based on their own distribution construction [4][5]. Note that wrong hypothesis (i.e., different SS block index, SFN) is assumed. The early termination gain achieved by 24-bit distributed CRC is slightly better than that by 19-bit distributed CRC. Therefore, if distributed CRC is adopted for polar cod for PBCH to get early termination gain, the same CRC polynomial and interelaver as for PDCCH should be used. Otherwise, 19-bit CRC is more preferable.

Observation 1: The NR-PBCH polar coding with 19-bit CRC has about 0.3dB better performance than that with 24 -bit CRC.
Observation 2: The early termination gain achieved by 24-bit distributed CRC is slightly better than that by 19-bit distributed CRC.

Proposal 1: If D-CRC is adopted for polar code for PBCH, the same CRC polynomial and interleaver as for PDCCH should be used. Otherwise, 19-bit CRC should be used.
[image: ]
Figure 2 BLER performance of PBCH polar code
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Figure 3 Early termination gain of PBCH polar code


3. Channel Interleaver 
[bookmark: OLE_LINK18]It has been discussed necessity of channel interleaver for PDCCH [3][4]. Based on the discussion and evaluation, it was observed that gains of DL channel interleaver are not significant for AL >2 [4]. It also would be necessary to observe the performance gain with channel interleaver for NR-PBCH polar coding. In this section, we evaluate the channel interleaver in [6] with no interleaver and random interleaver. Table 2 in appendix summarizes details about the performance evaluation. The required SNR for BLER=10-2 and 10-3 are represented in Fig 4 and Fig 5, respectively. It can be observed that no significant gain is achieved by using channel interleaver for NR-PBCH polar coding compared to no interleaver
[image: ]
Figure 4 Performance of NR-PBCH polar coding with and without channel interelaver
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Figure 5 Performance of NR-PBCH polar coding with and without channel interelaver
Observation 3: It can be observed that no significant gain is achieved by using channel interleaver for NR-PBCH polar coding compared to no interleaver.
Proposal 2: No channel interleaver is used in NR-PBCH polar coding chain.
4. Conclusion 
In this contribution, we discuss the number of CRC and channel interleaver for NR-PBCH polar-coded transmission and evaluate the performance. 
Observation is given as below:
Observation 1: The NR-PBCH polar coding with 19-bit CRC has about 0.3dB better performance than that with 24 -bit CRC.

Observation 2: The early termination gain achieved by 24-bit distributed CRC is slightly better than that by 19-bit distributed CRC.


Observation 3: It can be observed that no significant gain is achieved by using channel interleaver for NR-PBCH polar coding compared to no interleaver.
Based on above observations, we propose as below:
Proposal 1: If D-CRC is adopted for polar code for PBCH, the same CRC polynomial and interleaver as for PDCCH should be used. Otherwise, 19-bit CRC should be used.

Proposal 2: No channel interleaver is used in NR-PBCH polar coding chain.
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Appendix

Table 1  Performance evaluation settings for PBCH polar code construction
	Code sequence
	Code sequence agreed in [3]

	Rate-matching scheme
	32 subblock-wise interleaving and adaptive puncturing/shortening/repetition [4]

	Channel and modulation
	AWGN channel, QPSK

	D-CRC construction
	24-bit D-CRC [4] and 19-bit D-CRC [5]

	Polar decoding algorithm
	DCRC-aided SCL decoding with 

	Codeword bits 
	864 (2 OFDM symbols, DMRS density 1/4)

	Information bits 
	30:1:60 (without CRC bits)

	Max. mother code size 
	512 



Table 2  Performance evaluation settings for PBCH polar code channel interleaver
	Code sequence
	Code sequence agreed in [3]

	Rate-matching scheme
	32 subblock-wise interleaving and adaptive puncturing/shortening/repetition [4]

	Channel and modulation
	TDL-C 300ns 50Hz, QPSK

	D-CRC construction
	24-bit D-CRC [4]

	Polar decoding algorithm
	DCRC-aided SCL decoding with 

	Codeword bits 
	864 (2 OFDM symbols, DMRS density 1/4)

	Information bits 
	30:2:60 (without CRC bits)

	Max. mother code size 
	512 

	Channel interleaver
	No interleaver & random interleaver & parallel rectangular interleaver [5]
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