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1 Introduction

In RAN WG1#AH_NR2 meeting, the following agreements on NR-PBCH and related Polar code are reached [1].

Agreements: 

· 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: 5 ms half radio frame interval indication

· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreement: Rmin = 1/8 

Agreement: 

· To support repetition, puncturing, and shortening of Polar code:
· The N=2n coded bits at the output of Polar encoder is written into a length-N circular buffer in an order that is predefined for a given value of N
· To obtain M coded bits for transmission
· Puncturing is realized by selecting bits from position (N-M) to position (N-1) from the circular buffer
· Shortening is realized by selecting bits from position 0 to position M-1 from the circular buffer
· Repetition is realized by selecting all bits from the circular buffer, and additionally repeat (M-N) consecutive bits from the circular buffer
· Exact set of repeated bits FFS till RAN1#90
The number of bits carried by PBCH is expected to be larger than 512. In this contribution, we discuss bit selection of Polar coded bits for PBCH.  
2 Indication of half radio frame
In LTE, the 5 ms half radio frame is indicated by PSS/SSS. In NR, the NR-PBCH is transmitted together with PSS/SSS. Hence, the 5 ms half radio frame can be indicated by NR-PBCH instead of PSS/SSS. In the case of 5 ms half radio indication by PBCH, then this indication can be carried by PBCH explicitly. For instance, it can be set as the last input bit as u511 in the following Figure 1. That is, the one bit half radio frame indication is set as the bit that the output bit equals to the input bit (i.e., x511 = u511). 
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Figure 1 A Polar Encoder for MIB and half frame indication

3 Bit selection for PBCH
The payload of MIB carried by PBCH is about 40 - 100 bits. Assuming the bandwidth of PBCH is 288 subcarriers and 2 OFDM symbols, if further assuming QPSK and 1/3 DMRS overhead, then at least 768 coded bits can be carried on PBCH. Since a mother code length of N=512 Polar code will be used for PBCH, more than 512 bits after Polar encoder should be selected to be transmitted on PBCH. 
For a range of 40 - 51 bits MIB payload including CRC, one Polar encoder with a mother code length of N=512 is sufficient to support a coding rate of 1/10 where the rate is low enough for one shot decoding of NR-PBCH with a target of 1% BLER @ -6dB [2]. For a range of 52 - 100 bits MIB payload including CRC, more than N=512 bits should be selected from one Polar encoder. The effective code rate is less than 1/10. 

In the following, we investigate the impact of bit selection on PBCH performance. Similar to that of Polar puncturing or shortening, the additional bits can be selected from the start (similar to shortening) or, from the end (similar to puncturing) or from the middle. In addition, it can be selected randomly from N=512 bits. Some simulations are performed where the simulation settings are listed in Annex A.

From the following Figure 2 and Figure 3, for a BLER=1%, it can be observed that there is no difference between these methods for bit selection. When zoomed in at BLER=0.1% (which is critical to the 5 ms half radio frame indication), the random selection at middle performs slightly better than others. Hence, we have the following observation.

Observation 1: There is no difference between different methods for bit selection.
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Figure 2 Simulation result
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Figure 3 Simulation result (zoomed in at BLER = 0.1%)
4 Conclusion
In this contribution, we discuss some aspects on channel coding for NR-PBCH. We have the following observation:
Observation 1: There is no difference between different methods for selection.
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Annex A: Settings for simulation [2]
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Polar

	Code rate (for evaluation purposes)
	1/10

	Decoding algorithm** 
	CA-SCL, List =8 

Nmax <= 512

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	48

	CRC
	19 bits

	Info. block length after CRC
	67


Annex B: Simulation assumptions for PBCH [2]
	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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