Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 NR Ad-Hoc#2                               
    R1-1710850
Qingdao, P.R. China 27th – 30th June 2017
Source: 
ZTE
Title:
Considerations on Channel Coding for NR-PBCH
Agenda Item:
5.1.4.3
Document for:
Discussion/Decision
1 Introduction

In RAN WG1#89 meeting, the following agreement on NR-PBCH is 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
According to [1], the timing information within radio frame will be [0 - 7] bits and, the SS block time index will be [0 - 6] bits.

According to this working assumption in the agreement, the time index (of SS block) is explicitly expressed by NR-PBCH and, the implicit way is not precluded.
In this contribution, we discuss some schemes for explicit and implicit indication of SS block time index.
2 Indication of SS block time index
In LTE, the PBCH carries MIB. The length of MIB in LTE is 24 bits (before adding CRC16). After adding CRC16, the total length of information before channel coding is 40 bits. After channel coding of TBCC and rate matching, a block of 480 bits (total 1920 bits for 4 transmissions in 4 radio frame, each one is 480 bits) is reached.
A scrambling code is applied to the codeword of 1920 bits before it is modulated. That is, the scrambling code represents duration of 4 radio frames (i.e., 40ms). 4 segments of the scrambling code of 1920 bits represents different radio frame.
Before a UE accessing the network and before decoding the PBCH, the UE cannot know which segment of the scrambling code is currently applied. The UE can guess one of these four segments for decoding. If the CRC is successful, then the segment of the scrambling code is the correct segment. After that, the 2 LSB of SFN are obtained. That is, part of LTE time index is obtained. A similar method can be applied for NR-PBCH.
2.1 Explicit indication
For explicit indication of the SS block time index, the SS block time index can be indicated within a Polar code for MIB. Some solutions can be considered.
· Single Polar code. For instance, if the SS block time index were one bit, then it can be set as the last input bit as u511 in the following Figure 1. That is, the one bit SS block time index is set as the bit that the output bit equals to the input bit (i.e., x511 = u511).
· Two or more Polar codes. If the SS block time index were two or more bits, then two or more Polar codes can be used to encode MIB and SS block time index separately.
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Figure 1 A Polar Encoder for MIB and SS block time index
2.2 Implicit indication
Similar to that of LTE, the CRC mask, RV, scrambling code, etc can be used for implicit indication of SS block time index.
For a UE, there will be 2^K guesses for decoding MIB (K for length of SS block time index). If the length of SS block time index were large (e.g., 6 bits), then it may be inefficient.
2.3 Partial implicit indication

The SS block time index varies in each transmission while the content of MIB is relatively constant. It is desirable for a UE to combine receiving PBCH to correctly decode MIB. Hence, some bits of SS time index may be put together with MIB while others for UE’s blind detection.
For example, if the length of SS block time index were two bits (MSB and LSB), then the MSB can be indicated in an explicit way while the LSB can be indicated in a way as the following. The MIB and MSB of SS block time index are Polar encoded with a code length of N=512. The information block A with a length of 512 bits is obtained after that. During encoding, the MSB of SS block time index is set as the last input bit as u511 in the Figure 1 above.

The information block A is segmented into two parts as the following Figure 2. Both of the information block B and the information block C are of a length of 256 bits. The base station transmits the information block B or C according to LSB of the SS block time index. For example, the information block B and C is transmitted when LSB=0 while the information block C and B is transmitted when LSB=1 as shown in Figure 3. With this scheme, some simulations are performed. The simulation settings are listed in Annex A and Annex B. From the following Figure 4, the combination can achieve a gain of 3 dB in AWGN.
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Figure 2 Composition of the information block A
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Figure 3 Transmission of two copies of blocks
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Figure 4 Simulation result

2.4 Complexity and delay of decoding in UE
The explicit indication is relatively easy when compared to that of implicit indication. For example, an implicit indication requires several decoding attempts or, large memory for storing bits to be decoded while it is not for an explicit indication.
According to [4], the delay of reading time index indication for RRM measurements should be short. If an implicit indication were applied, then the delay of reading time index may be high for possible blind detection.
Take complexity and decoding latency for a UE into consideration, we have the following proposals:
Proposal 1: Partial implicit indication is selected for indication of SS block time index.
3 Conclusion
In this contribution, we discuss some aspects on channel coding for NR-PBCH. We have the following proposal:
Proposal 1: Partial implicit indication is selected for indication of SS block time index.
References

[1] Draft_Minutes_report_RAN1#89_v010.
[2] TS36.212.
[3] TR 38.802 V1.3.0 . 2017.02. 
[4] R1-1710215(R2-1706160), Response LS on reading time index indication for RRM measurements.
Annex A: Settings for simulation [3]
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Polar

	Code rate (for evaluation purposes)
	1/10

	Decoding algorithm** 
	PC-SCL, List =8 
Nmax <= 512

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	29

	CRC
	19 bits

	Info. block length after CRC
	48


Annex B: Simulation assumptions for PBCH [3]
	Parameter
	Value

	Channel coding scheme
	LTE TBCC

Other channel coding schemes are not precluded. (e.g. Polar coding)

	Carrier frequency, Channel model, UE speed, Antenna configuration, Number of interfering TRPs
	Following evaluation assumptions for initial access

	Performance Target
	1% BLER @ -6dB (average received SNR)
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