Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk485491131]3GPP TSG RAN WG1 #91 	R1-1720357
[bookmark: _GoBack]Reno, NV, USA, 27th November – 1st December 2017
[bookmark: Source]Agenda item:	7.4.2.3	
Source:	Samsung 
Title: 				Remaining details on PBCH polar code construction
Document for:		Discussion and Decision

1. Introduction
In RAN1 NR #90bis, the following agreements and working assumptions related to NR-PBCH [1]: 
	Agreement from RAN1#89:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512

Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.

Agreement: 
Working assumption from RAN1#89 is confirmed, that the data, including time index if carried by NR-PBCH, is transmitted explicitly

Agreement: 
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· 10-bit SFN is carried by NR-PBCH
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH



In addition, it was agreed that 1st PBCH scrambling is initialized based on Cell ID and 2nd and 3rd LSBs of SFN [2]:
	
Agreement: 
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled
· Partition the generated sequence into 4 non-overlapping portions
· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence
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In this contribution we focus on the remaining issues related to PBCH polar code construction, encoding process and ordering of PBCH fields.
2. Discussion
In this session, we will discuss remaining issue for design of PBCH Polar codes. 

BICM chain for PBCH polar coding

[bookmark: _Hlk485711007]Fig. 1 shows a BICM chain of the NR PBCH. First, the some of PBCH payload is 1st level scrambled based on cell ID as well as 2nd and 3rd LSB of SS block index (see [3] for more details). The message bits are encoded by 24-bit CRC codes (polynomial: 0x1B2B117) for error detection. The CRC bits are also utilized to further improve the error correction performance of the SC-list decoder. In addition, it was agreed that distributed-CRC (D-CRC) scheme is used for early termination of SC-based decoding at the decoder. The D-CRC codeword is then encoded by polar codes. We use a general notation of polar encoding, , where  and  represent a length- input vector and a length-output vector, respectively. Each bit of the D-CRC codeword is mapped to  according to a pre-defined polar code sequence, which is agreed in RAN1 #90 [4]. The  generator matrix  is given by , where  and  denotes -times recursive Kronecker product of . The output codeword bits are interleaved and  bits are extracted from the buffer. The mother code length N and is the number of code block size M is 512 and 864, respectively. 


[image: ]
Figure 1  Polar coding chain for PBCH

In NR, timing information bits, such as system frame number (SFN) including BCH TTI resolution, burst-set index within BCH TTI, and SS block index within burst set, are defined and included in the PBCH payload explicitly. Three MSBs of SS block index is carried by NR-PBCH payload in an explicit way for >6 GHz. In addition, other timing information bits e.g., whole SFN (i.e., 10 bits) are included in the NR-PBCH payload. To achieve both good error correction and error detection capability, time index explicitly carried by NR-PBCH payload should be encoded by CRC code together with rest of PBCH payload as depicted in Fig. 2.
[image: ]
[bookmark: _Ref492393966]Figure 2 PBCH code design
Proposal 1: Time index explicitly carried by NR-PBCH payload should be encoded by CRC code together with the rest of PBCH payload.
Ordering of PBCH fields
It had been discussed whether one or more PBCH fields are placed in a specific order in RAN1 #90bis [1]. It was discussed that receiver may know some fields in PBCH payload, such as SS block index, SFN, and reserved bits before decoding in advance in certain scenarios. When soft-combing is carried out over multiple instances of NR-PBCH, hypothesis for SFN and/or SS block index could be assumed as known bits. However, there would be many ways for blind decoding with such hypothesis, so that certain ordering of time index fields is only for the limited cases while additional operation should be added. Furthermore, the timing information such as SS block index and SFN can be obtained reliably with single decoding with one instance of NR-PBCH. Concerning reserved bits, it is hard to assume that the known bits due to backward compatibility problems in future releases. In addition to this, reserved bits cannot be known until those 2nd and 3rd LSBs of SFN since reserved bits are scrambled based on those two LSBs of SFN. This means reserved bits cannot be assume as known bits before finishing polar decoding and descrambling. Other aspect to be considered is scrambling. It is preferable that the non-scrambled part is not mixed with the scrambled part for the efficient implementation of transmitter and receiver. There are two possible alternatives to place the PBCH fields according to scrambling and non-scrambling. One way is not to mix the two parts as depicted in Fig. 3 (a), and another way is to mix the two parts in Fig. 3 (b).
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(a)                     											(b)
Figure 3 PBCH code design according to ordering

Proposal 2: The non-scrambled part should not be distributed in a payload before CRC and polar encoding to enable efficient scrambling of the rest.

3. Conclusion 
[bookmark: OLE_LINK18]It has been discussed remaining issue for PBCH polar code construction. Based on discussion, we propose as below:

Proposal 1: Time index explicitly carried by NR-PBCH payload should be encoded by CRC code together with the rest of PBCH payload.
Proposal 2: The non-scrambled part should not be distributed in a payload before CRC and polar encoding to enable efficient scrambling of the rest.
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