Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk484735152][bookmark: _Hlk485222552]3GPP TSG RAN WG1 NR Ad-Hoc#2	R1-1710497
Qingdao, P.R. China 27th – 30th June 2017

Source:	Ericsson
Title:	Study of Number of CRC Bits for PBCH
Agenda Item:	5.1.4.3
Document for:	Discussion and Decision
Introduction
In RAN1#89, the following agreement on PBCH channel coding was reached [1]:
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
Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block


In this contribution, we discuss the CRC-based Polar code construction for NR-PBCH. We also demonstrate that the low-complexity Alt 2 should be adopted for NR-PBCH, since Polar code performance is the same between Alt 1 and Alt 2.
CRC-based Polar Construction for NR-PBCH
In RAN1#89, it was agreed that for NR-PBCH:
· CRC: [16+y] bits
Currently, several CRC-based Polar constructions are under discussion [5]. Currently, the number of assistance bits for DL is either J’=3 or J’=6.
If considering plain CA-Polar, 
· If J’=3, then a length-19 CRC polynomial is needed. 
· If J’=6, then a length-22 CRC polynomial is needed.
In LTE, there does not exist length 19 and 22 CRC polynomials. Hence if plain CA-Polar is adopted, a search is to be done to find the best CRC polynomial for NR. As studied in [6][7], due to hypothesis testing involved in soft combining of multiple NR-PBCH instances, the number of CRC bits need to be increased for NR-PBCH. That is, J’=6 should be used for NR-PBCH.
On the other hand, the non-recursive and recursive D-CRC Polar proposed in [5] does not need a search of new CRC polynomials.
· If J’=3, then a length-16 CRC polynomial is used, with J’=3 assistance bits generated by taking intermediate CRC shift register values.
· If J’=6, then a length-22 CRC polynomial is used, with J’=6 assistance bits generated by taking intermediate CRC shift register values.
In other words, for the non-recursive and recursive D-CRC Polar construction, the CRC polynomial is always 16 bit, and it does not vary with the value of J’. This property is useful for DL, since both DCI and NR-PBCH can use the same length-16 CRC polynomial, while using different number of J’ assistance bits. As studied in [6][7], NR-PBCH may need a larger number of total CRC bits (including the assistance bits) to address the Polar performance issue when hypothesis testing is needed to support soft combining.

If plain CA-Polar is adopted for NR-PBCH, then 22 CRC bits are attached for NR-PBCH, which are generated using a length-22 CRC polynomial.
[bookmark: _Hlk485650048]The non-recursive and recursive D-CRC Polar construction simplifies the CRC polynomial selection for DL, including NR-PBCH and DCI.

Identical NR-PBCH in two OFDM symbols
The following design parameters have been agreed in RAN1#88bis and RAN1#89 for NR-PBCH:
· Number of MIB payload bits: 40 ~ 72 bits with CRC
· Number of available REs in an OFDM symbol for NR-PBCH: 288 REs

In this study, the number of DMRS REs in an OFDM symbol is assumed to be an average of 2 REs/OFDM symbol /PRB. This results in 2*288/12 = 48 REs being occupied by DMRS in the PRBs for NR-PBCH. Thus the total number of coded bits in an OFDM symbol for NR-PBCH with QPSK modulation is: (288-48)*2 = 480 (bits) 
Within a synchronization signal (SS) block, two OFDM symbols are used for NR-PBCH. As discussed in [5], it is desirable that the resource element mapping scheme is designed to have identical NR-PBCH contents in the two OFDM symbols. Such design helps to refine the frequency error estimation in initial access. In terms of channel coding design, this means that MIB is encoded into 480 bits and mapped to the two OFDM symbols in a repeated manner.
While the design of NR-PBCH is expected to support soft combining of multiple NR-PBCH instances, in this contribution, only performance of a single NR-PBCH transmission is considered. The companion contribution [7] considers the soft combining of multiple NR-PBCH instances.
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Figure 1: Illustration of NR-PBCH transmission.

As agreed in RAN1#89, there are two alternatives for the NR-PBCH RE mapping to be down-selected under discussion. One is to map the bits across REs in all available OFDM symbols in the SS block, and the other is to map the bits across REs in one OFDM symbol and copy them to the other OFDM symbols in the same SS block, which is illustrated in Figure 2 with two OFDM symbols for NR-PBCH in a SS block.
  [image: ]	           [image: ]
(a). Alt.1: Map across REs in all OFDM symbols	      (b). Alt.2: Map across REs in one OFDM symbols, and copy to other OFDM symbol
[bookmark: _Ref481051099]Figure 2 Two NR-PBCH RE mapping alternatives
For Polar codes, the mother code size is limited by Nmax,DL = 512. The Polar code construction tested here is CA-Polar with (16+3) CRC, i.e., a degree-19 CRC polynomial. The Polar decoder uses SCL decoding with list size L=8.  The Polar code used PW Sequence as information bit ordering sequence, and the puncturing method is Split-natural Type I. The code parameters are summarized in Table 1 for Alt.1 and Alt. 2.

Table 1: Code parameters for the Polar code
	
	Alt.1: Map across REs in all OFDM symbols
	Alt.2: Map across REs in one OFDM symbols, and copy to the other OFDM symbol

	Info bits K
	64 (pure info) + 16 (CRC) = 80 (bits)

	Coded bits M
	480
	960

	Polar code rate K/M
	80/480 = 1/6
	80/960 = 1/12



The performance of Polar codes for Alt 1 and Alt 2 is shown in Figure 3. The LDPC code performance is also shown. The results show that both for LDPC and Polar, there is practically no benefit of using a code with a native code rate of 1/12, as compared to repetition of a codeword with rate 1/6. From channel coding perspective, transmission of different NR-PBCH content in the two OFDM symbols should be avoided due to the increased complexity which gives no performance improvement. 
Additionally, repeating the same NR-PBCH modulation symbols in two OFDM symbol has the benefit of improved frequency offset error estimation, without incurring any coding gain loss. Hence it is recommended that MIB is encoded into 480 bits which is mapped to the two OFDM symbols in a repeated manner (i.e., Alt. 2).

[bookmark: _Toc481736118][bookmark: _Toc481739341]Transmission of different NR-PBCH content in the two OFDM symbols increases the encoding and decoding complexity but gives no performance improvement.

[bookmark: _Toc480897102][bookmark: _Toc481152830][bookmark: _Toc481581891][bookmark: _Toc481735987][bookmark: _Toc481736115]For NR-PBCH RE mapping, Alt. 2 is adopted, i.e., NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to the other NR-PBCH symbol in a NR-SS block.
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[bookmark: _Ref481739107]Figure 3: Performance comparison between repetition of rate 1/6 codeword and native rate 1/12 codeword for Polar and LDPC codes.

[bookmark: _Ref178064866]Conclusion
In this contribution, channel coding performance for a single transmission of NR-PBCH is studied. Based on the analysis, we made the following observations:
Observation 1 If plain CA-Polar is adopted for NR-PBCH, then 22 CRC bits are attached for NR-PBCH, which are generated using a length-22 CRC polynomial.
Observation 2 The non-recursive and recursive D-CRC Polar construction simplifies the CRC polynomial selection for DL, including NR-PBCH and DCI.
Observation 3 Transmission of different NR-PBCH content in the two OFDM symbols increases the encoding and decoding complexity but gives no performance improvement.

Based on the discussion and the observations we have the following proposals:
1. [bookmark: _In-sequence_SDU_delivery][bookmark: _GoBack]For NR-PBCH RE mapping, Alt. 2 is adopted, i.e., NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to the other NR-PBCH symbol in a NR-SS block.
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