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Background
The following agreement was achieved at RAN1#96 meeting [1]. 
	Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows



In this contribution, we provide views on Initial access procedure.
Discussion
At the last meeting, several proposals on association between SS/PBCH block time index l, QCL assumption index (beam index) q, PBCH DMRS sequence index d , parameter t, and parameter Q are discussed, which are listed as below.
Alt.1: l=8*t+d, q=mod(l,Q)
Alt.1a: l=8*t+d, q=mod(d,Q)
Alt.2: l=X*t+d, q=mod(d,Q), where X is the number of DMRS sequences, which is maximum value among integer multiple of Q not exceeding 8
Alt.3: l=Q*t+d, q=d
Alt.4: l=Q+d, q=mod(Q+d,8)
Alt.5: l=(X/2)*t+d, q=mod(d,Q), where X is the number of DMRS sequences, which is maximum value among integer multiple of Q not exceeding 8
We provide an analysis on the above alternatives for initial access procedure.
Summary of analysis
Table 1 shows summary of analysis.
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	M1
	M2
	M3
	M4
	M5
	M6

	Alt.1
	Good
	Good
	?
	Good
	Good
	Good

	Alt.1a
	Fair
	Good
	?
	Good
	Good
	Good

	Alt.2
	Good
	Good
	?
	Good
	Good
	Good

	Alt.3
	Good
	Good
	?
	Fair
	Good
	Good

	Alt.4
	Good
	Good
	?
	Fair
	Good
	Fair

	Alt.5
	Fair
	Good
	?
	Fair
	Good
	Good


Table 1: summary of analysis
Detailed analysis
M1: Flexibility on DRS starting position
Whether each alternative has a feature of DRS transmission starting at any candidate positions or not is determined based on whether beam index q is cyclically mapped or not. DRS transmission can be started at any candidate positions for Alt.1, Alt.2, Alt.3, and Alt.4. For Alt.1a, DRS transmission can be started at any candidate positions if Q=1, 2, 4, or 8. For other Q values, beam index is not completely cyclic. For Alt.5, candidate position is restricted to even index candidate positions. 
Observation 1: Whether each alternative have a feature of DRS transmission starting at any candidate positions or not is determined based on whether beam index q is cyclically mapped or not. DRS transmission can be started at any candidate positions for Alt.1, Alt.2, Alt.3, and Alt.4. Alt.5 restricts DRS starting positions in SS/PBCH block candidate positions with even index.
M2: Number of transmitted beams
Transmission of beams is decided by gNB. Thus, all the alternatives have full flexibility on number of transmitted beams. The gNB can decide a set of SS/PBCH block candidate positions for DRS transmission. For example, gNB can actually transmit beam#1, #2, #5 when Q=8.
Observation 2: gNB can transmit arbitrary number of beams NB <= Q within a DRS transmission.
M3: Number of PBCH DMRS sequences
Number of PBCH DMRS sequences for a UE to blindly decode for initial access or asynchronous neighbor cell measurement is 8 in Rel-15 NR. Since it relates to UE complexity, the number of PBCH DMRS sequences should not increase as much as possible.
Proposal 1: The number of PBCH DMRS sequences should not increase as much as possible.
M4: Number of PBCH payload bits
PBCH encoding process is optimized for 32 bits PBCH payload size and 24 bits CRC with generator polynomial gCRC24C. According to TS38.212 [2], PBCH payload interleaver is defined for the size of MIB information followed by timing related PBCH payload (number of bits is 32). The PBCH payload interleaver enables simple decoding for 3 MSBs of SS/PBCH block index by mapping the 3 MSBs of SS/PBCH block index to sub-code in the polar code [3]. Figure 1 shows sub-code concept for the polar code in the case of size 16. If the size is 16, polar encoding is done by 4 steps, each step including a set of XOR operation. Decoding starts at calculating weaker channel LR (Likelihood Ratio) in step 4. Thus, decoder first determine LR input for a sub-code (indicated in Red). If number of information bits included in the sub-code (s0 ~ s7) is X bits (much smaller than the sub-code length), the decoder can decode the information bits in the sub-code only by sequence matching with 2X times. 
Following this principle, the PBCH payload interleaver achieves that the 3 MSBs of SS/PBCH block index is mapped to the s253, s254, and s255 which are included in a sub-code in the case of size 512 polar code. Decoding of SS/PBCH block index can be done only by sequence matching with 16 times since the subcode only includes 3 MSBs of SS/PBCH blocks and 1 bit of half radio frame index. Performance evaluation is shown in Annex. The interleaver is given on the basis of the polar coding interleaver which facilitates early termination of PDCCH, PBCH decoding by distributed CRC, which further is given on the basis of 24 bits CRC with generator polynomial gCRC24C. To exploit the sub-code principle, we propose following.
Proposal 2: 
· PBCH encoding design is same as Rel-15 NR, including the following parts;
· Number of information bits in the PBCH payload is 32 bits.
· CRC generator polynomial is gCRC24C. 
· PBCH payload interleaver is adopted.
· Polar coding interleaver for CRC distribution is adopted.
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Figure 1: sub-code concept for the polar code in the case of size of 16
Then, one of the design metric for the SS/PBCH block indexing should be the number of information bits in the PBCH. In other words, the enhancement shouldn’t increase the number of information bits in the PBCH. Table 2 shows the maximum number of bits necessary to be included in the PBCH for a UE to acquire timing information assuming 3 bits are indicated by PBCH DMRS and number of SS/PBCH candidate positions is 32. 
	
	Number of bits in the PBCH
	Variables indicated by PBCH

	Alt.1
	2 bits
	t (2 bits)

	Alt.1a
	2 bits
	t (2 bits)

	Alt.2
	4 bits
	X (2 bits), t (2 bits)

	Alt.3
	8 bits
	Q (3 bits), t (5 bits)

	Alt.4
	5 bits
	Q (5 bits)

	Alt.5
	6 bits
	Q (3 bits), t (3 bits)


Table 2: the maximum number of bits necessary to be included in the PBCH
On the other hand, usable fields in the PBCH for NR-U are reserved bits (2 bits) in the timing related PBCH payload, MSB of kSSB if not used for NR-U, and spare bit in MIB, which is in total 3 or 4 bits. If an enhancement for SS/PBCH block candidate indexing requires increasing number of bits in the PBCH more than 3 or 4 bits, other information in the MIB should be allocated for the indexing. However, in our view, allocating the other information in the MIB for this purpose is difficult.
M5: Applicability of PBCH soft combining within DRS transmission window
PBCH soft combining within DRS transmission window can be easily done if the information bits within the DRS transmission window is same for all SS/PBCH blocks. For Alt.3, Alt.4 and Alt.5, the information bits in the DRS transmission burst are same for all the SS/PBCH blocks. For other alternatives, the UE cannot assume the information bits in the DRS transmission burst are same for all the SS/PBCH blocks. On the other hand, the UE can soft combine two PBCHs if the UE knows the difference in the information bits. For Alt.1, Alt.1a, and Alt.2, the UE can know the actual contents for PBCH in the SS/PBCH block with index X+1 by detecting PBCH DMRS in the SS/PBCH block with index X and X+1. Figure 2 shows a concept for contents acknowledgement. If dX+1=dX+1, then, the UE can know tX+1=tX+1, otherwise, tX+1=tX.
Observation 3: All the alternatives achieve the soft combining within DRS transmission window.
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M6: Whether UE is required to decode whole part of PBCH
For neighbor cell measurement, the UE may be required to report preferred beam index to gNB by measurement configuration. For asynchronous neighbor cell measurement, the UE needs to acquire information about beam index by itself. In Rel-15 NR FR1, the UE can acquire beam index only by detecting DMRS sequence without PBCH decoding. On the other hand, FR2 requires decoding the PBCH to obtain 3 MSBs of SS/PBCH block index. As discussed in “number of PBCH payload bits” part, even in FR2, the UE can obtain 3 MSBs of SS/PBCH block index without decoding the whole PBCH with sequence matching.
For Alt.1, t is necessary to be obtained for beam index since Q can be informed by SIB1 or dedicated RRC signaling. Since t requires 2 bits in maximum, the UE doesn’t need to decode the whole part of PBCH for asynchronous neighbor cell measurement.
For Alt.1a, 2, 3, and 5, no additional information is necessary other than d and Q. Thus, these alternatives don’t require PBCH decoding for asynchronous neighbor cell measurement.
For Alt.4, Q needs to be obtained for beam index. The UE needs to decode all the PBCH since Q requires 5 bits.
Proposal 3: For asynchronous neighbor cell measurement, additional information to identify beam index should be less than 2 or 3 bits. If the additional information is supported, it is mapped to reserved bits in the timing related PBCH payload and/or MSB of kSSB.
Based on the discussion above, we propose to adopt Alt.1 or Alt.2 for NR-U.
Proposal 4: adopt Alt.1 or Alt.2 for NR-U.
Conclusion
In this contribution, we have the following observations:
Observation 1: Whether each alternative have a feature of DRS transmission starting at any candidate positions or not is determined based on whether beam index q is cyclically mapped or not. DRS transmission can be started at any candidate positions for Alt.1, Alt.2, Alt.3, and Alt.4. Alt.5 restricts DRS starting positions in SS/PBCH block candidate positions with even index.
Observation 2: gNB can transmit arbitrary number of beams NB <= Q within a DRS transmission.
Observation 3: All the alternatives achieve the soft combining within DRS transmission window.
In this contribution, we have the following proposals:
Proposal 1: The number of PBCH DMRS sequences should not increase as much as possible.
Proposal 2: 
· PBCH encoding design is same as Rel-15 NR, including the following parts;
· Number of information bits in the PBCH payload is 32 bits.
· CRC generator polynomial is gCRC24C. 
· PBCH payload interleaver is adopted.
· Polar coding interleaver for CRC distribution is adopted.
Proposal 3: For asynchronous neighbor cell measurement, additional information to identify beam index should be less than 2 or 3 bits. If the additional information is supported, it is mapped to reserved bits in the timing related PBCH payload and/or MSB of kSSB.
Proposal 4: adopt Alt.1 or Alt.2 for NR-U.
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Annex
Figure A1 shows evaluation results for PBCH decoding. AWGN channel is assumed. Size-512 polar decoding means CA-polar with list size 16, sequence matching (soft combining) means soft combining of 2 PBCHs for sequence matching. As shown in Figure A1, sequence matching performance is worse than CA-polar about 1.5 dB. On the other hand, Sequence matching outperforms the CA-polar by soft combine just 2 PBCHs. Soft combining of PBCHs can be applied since the sequence matching is for asynchronous neighbor cell measurement,

Figure A1: Sequence matching performance
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