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In the last RAN1 90bis meeting, there were agreements on NR-PBCH as follows [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 [1], we decided to consider the order of the PBCH fields in the next step as follows:
	Next steps: 
Study further until RAN1#91 the order of the PBCH fields, considering whether one or more PBCH fields that have known bit values in certain scenarios are placed in a specific order to enable potentially improved PBCH decoder performance/latency (with the CRC being calculated based on the order of the payload after this ordering)
· Examples of field(s) to be considered in particular include:
· SS block time index;
· SFN bits (e.g. for handover cases when the SFN is known a priori);
· reserved bits
· Note that backward compatibility problems in future releases should be avoided. 



In this contribution, we discuss how to map in the encoder input positions based on BLER.

Known bit mapping
The PBCH uses fixed input size (K), mother code size (N = 512) and coded bit size (M). Thus, it is possible to map a specific bit to a specific input bit position. 



Let us consider the known bits (Kn) used as frozen bits as  as a set of bit indices. The method for obtaining  is as follows: We assume K = 56, M = 864 [2], = 2.
· 







Alt 1. In Polar sequence[3], let be the set of bit indices for K and let  be the set of bit indices for Kn, then use \ sets as the frozen bits. In other words, =\.
· 
={441, 469}
· 
Alt 2. Regardless of the Polar sequence, the known bits that makes the lowest BLER is used as the frozen bits.
· 
A: Place known bits where the BER performance is worst. ={508, 506} (refer to figure 1)
· 
B: Place known bits in the bit index order to be decoded first. ={247, 253}
 
Figure 1 shows the bit error rate (BER) of the input bit index. 
[image: ]
Figure 1. BER of the input bit positions.

Table 1 shows BLER for alt 1 and alt 2. BLER_1 represents the performance for alt 1, and BLER_2 and BLER_3 represent performance for A and B of alt 2 accordingly. 
Table 1. Performance of known bit sets.
	SNR[dB]
	BLER_1
	BLER_2
	BLER_3

	-9
	0.170068
	0.22779
	0.197238

	-8.5
	0.060368
	0.082372
	0.065638

	-8
	0.01574
	0.024251
	0.018002

	-7.5
	0.003189
	0.005385
	0.003241



Observation 1: For NR PBCH, known bit placement based on polar sequence has good performance 
Proposal 1: For NR PBCH, the known bits can be mapped in the encoder input positions based on Polar sequence. 












If the length of known bits depends on the transmission, the known bit set used as frozen bit can separated into several sub-sets. = , where  and  are sub-sets of reserved bits and SFN bits, respectively, and =  + . If =2 and =10, the method for constructing  and  for the total 12 bits based on the polar sequence is as follows:
1. 



For =12, we construct ={441, 469, 247, 367, 253, 375, 444, 470, 483, 415, 485, 473} through \.
2. If reserved bits and SFN bits are transmitted simultaneously, place the reserved bits at the lower index of Fn. 
A. 

Since the reserved bits are used more often with known bits than the SFN bits,  can be determined first and then  can be determined.
B. 



Kn’=  and =\={441, 469}.
C. 


=\={247, 367, 253, 375, 444, 470, 483, 415, 485, 473}.
3. 



If only reserved bits are transmitted, Kn=  and =\={441, 469}.
4. 



If only SFN bits are transmitted, Kn=  and =\={441, 469, 247, 367, 253, 375, 444, 470, 483, 415}. 

Proposal 2: For NR PBCH, if the known bits length depends on the transmission time, separate known bit set used as frozen bits into multiple sub-sets. 
Proposal 3: Map the unknown bit among the remaining bits except known bit set used as frozen bits.

Conclusions
[bookmark: _GoBack]We have following observation and proposals in this contribution,
Observation 1: For NR PBCH, known bit placement based on polar sequence has good performance 
Proposal 1: For NR PBCH, the known bits can be mapped in the encoder input positions based on Polar sequence. 

Proposal 2: For NR PBCH, if the known bits length depends on the transmission time, separate known bit set used as frozen bits into multiple sub-sets. 
Proposal 3: Map the unknown bit among the remaining bits except known bit set used as frozen bits.
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