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Introduction
In RAN1 #90 and RAN1 #90bis meetings, the follow has been agreed for NR PBCH. 
Agreements:  
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be  selected by NR AH3)
· 3 LSB bits of SFN 
· 2nd and 3rd LSB bits of SFN   
Agreements:
· (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

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

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	
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 mapping details for NR PBCH fields. 
Discussion
1.1 PBCH fields mapping
As agreed in the NR PBCH session of NR initial access agenda, , 3-bit SS block index, 2-bit SFN, and 1-bit half frame indication are independent of scrambling based on partial SFN/Cell ID.  These three PBCH fields can be regard as the known information fields in certain scenarios. This contribution studies and evaluates four mapping schemes of these three PBCH fields as follows.
Alt.1: SS block index, partial SFN and half frame indication are located in natural order.
This scheme provide straightforward mapping  by allocating three PBCH fields to sub-channels with smallest index, as shown in table 1. 
Table 1: Bit index for Alt.1
	Reliability order (from 1 to 56)
	3
	4
	5
	6
	14
	36

	Bit index
	247
	367
	253
	375
	254
	255



Alt.2: SS block index, partial SFN and half frame indication are located in least reliable order.
If these three PBCH fields are known, allocating SS block index, SFN and half frame indication bits to least reliable sub-channel is the most straightforward way to improve BLER performance. Table 2 provides the bit index for Alt.2.
Table 2: Bit index for Alt.2
	Reliability order (from 1 to 56)
	1
	2
	3
	4
	5
	6

	Bit index
	441
	469
	247
	367
	253
	375



Alt.3:  SS block index bits are located in the position with smallest bit index and partial SFN and half frame indication are located in least reliable position of remaining part.
This scheme supports decoding SS block index first in the PBCH payload, which can avoid decoding the full PBCH payload . 
Table 3: Bit index for Alt.3 (red for SS block index)
	Reliability order (from 1 to 56)
	1
	2
	3
	4
	5
	14

	Bit index
	441
	469
	247
	367
	253
	254



Alt.4:  SS block index and  half frame indication are located in the position with smallest bit index and partial SFN  Half frame indication field is located in least reliable position of remaining part.
The difference between Alt.4 and Alt.3 is that, except 3-bit SS block index, half frame indication is also advanced to the positions with smallest bit index in Alt.4.  The separation of SFN and half frame indication is beneficial for improving system performance through cross-SFN soft combining as discussed in [3].

Table 4: Bit index for Alt.4 (red for 2-bit SFN)
	Reliability order (from 1 to 56)
	1
	2
	3
	5
	14
	36

	Bit index
	441
	469
	247
	253
	254
	255



1.2 [bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK19]Performance evaluation
[bookmark: _GoBack]
In this section, the performance of different PBCH fields mapping schemes is shown in Figure 1.

[image: ]
Figure 1: BLER performance with different mapping schemes
We can see that Alt.2 have worst performance as several sub-channels with high reliability are used for carrying frozen bits.  Alt.1, Alt.3 and Alt.4 have comparable BLER performance. It is noted that 3-bit SS block index is not carried in NR-PBCH payload in case of below 6GHz. Considering alt.3 and alt.4 can provide benefit on reducing decoding complexity without degrading BLER performance, we prefer Alt3 or Alt.4.
Observation 1: Alt.3-4 can provide benefit on reducing decoding complexity without degrading BLER performance.
Proposal 1: Alt 3 or Alt 4 for PBCH fields mapping should be supported.

Conclusion 
The above discussion is summarized with following observations and proposals:
Observation 1: Alt.3 and alt.4 can provide benefit on reducing decoding complexity without degrading BLER performance.
Proposal 1: Alt 3 or Alt 4 for PBCH fields mapping should be supported.
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