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1	Introduction
In RAN1 #89 meeting, Ran1 agreed [1] that 
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

In Ran1 NR AH#3, Ran1 had the following agreement for DL code construction [2]. 

Agreement:
· Confirm working assumption on CRC and interleaver (as modified as in 38.212v1.0.0)
· When the conclusions on DCI payload size for Rel-15 are agreed, the Kmax in 38.212 will be reduced from the current value of 200 (which is only a placeholder)
· the current working assumption for Kmax remains a working assumption (to be revisited when there is progress in offline discussion); the final value of Kmax will not be greater than the working assumption. 
 
Agreement:
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.
· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits

In this contribution, we discuss remaining details of PBCH code construction.  
2.		 Discussion  
The code construction for PBCH should mainly use the DL code construction where 24 CRC bits are generated based on the PBCH payload, and the CRC bits are distributed based on the interleaver defined in the agreement. From the start of the PBCH coding discussions, it was highlighted that having the existing code construction is useful for the PBCH decoding. Therefore, only two main coding candidates were considered, which are LDPC and polar with the same set of implementation assumptions used in eMBB data and control coding discussions. Considering the additional complexities that different proposals may bring into the implementation, it is desirable to stick with the agreement we made earlier on reusing the DL control code construction for PBCH. 
We also have a working assumption on timing indication where it assumed to be transmitted explicitly and not indicated implicitly by the coding scheme. Meanwhile, in PBCH discussions, following agreements were made to support SS block soft combining and timing index indication. 
Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

In Ran1 #90 meeting, 
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
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block

Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alternatives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index
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As mentioned in the coding agreement, the working assumption is that time index is explicitly in the payload. It is well understood that having soft combining of different SS blocks can improve the overall performance of PBCH. In the case of soft combining is required, several contributions on PBCH provided details on how scrambling could help to attain the soft combing gain by using the linear encoding properties of polar codes. Within the coding chain, there is another possibility which can be used with implicit signaling. In particular, part of the time index information can be transmitted in the selected redundancy version. This is a well-known method of implicit transmission and can also be applied to PBCH. As an example, we consider the case where 2 bits are transmitted in the RV, and the rest are explicit.
The bits, after encoding are divided into 2^2 = 4 blocks. Depending on the value of the 2 bits, one RV is chosen. This is illustrated in Figure 1.
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[bookmark: _Ref485628499]Figure 1: Possible transmissions to indicate timing index.
The UE obviously cannot know which RV is sent, so blind decoding has to take place. As the number of RV versions has a known split of the coded block, the number of blind decodes would always be less than 4. As we have distributed CRC bits that facilitate early termination, this is not like decoding the full information block for a given blind decode. If the final CRC check is ok after one of these trials, then we know the value of the two implicit bits. In the case of too low SINR, the CRC check fails, and the UE has to wait for the next transmission. 
In summary, we see that both implicit and explicit timing indication is possible with polar codes. Considering the time of completion of NR coding design, we think that confirming the working assumption is the best approach as scrambling can use to get the soft combining gains. 
Proposal 1: Confirm the working assumption in RAN1 #89 meeting, within the coding chain, and time index is carried explicitly in NR-PBCH (excluding DMRS).   

When the time index is explicitly, blind decoding might be used to decode the soft combined messages. By applying relative mask, the max number of blind decoding is only 4 to decode 8 or more messages. Different from absolute mask, the relative mask does not convert the received time index to an absolute value, e.g. 000. It only converts the followed transmission to the first received block. For example, a mask derived from 001 can convert 001 to 000, and can also convert 101 to 100. So applying this mask can handle two cases, and hence the number of blind decoding is reduced. The exact time index can be obtained when the block is decoded. Part of the time index bits are checked by CRC, so it would have lower FAR compared to the absolute mask. To support the soft combining of 2 blocks, the max number of blind decoding is 3. The max number of blind decoding is 4 to decoding the message >=2. The average of blind decoding is fewer and FAR is also lower than thought, only about 2x of 1 message decoding, because it is based on the average, as showing in Figure 3. 
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Figure 2: BLER performance of soft combining. List size = 8
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Figure 3: FAR performance of soft combining. List size = 8
Observation 1: By applying relative masks, the needed blind decoding can be reduced greatly.
3	Conclusion
In this contribution, we considered remaining details of NR-PBCH. Following proposal was made:
Proposal 1: Confirm the working assumption in RAN1 #89 meeting, within the coding chain, and time index is carried explicitly in NR-PBCH (excluding DMRS).   
Observation 1: By applying relative masks, the needed blind decoding can be reduced greatly.
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