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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In last RAN#4 106bis-e meeting, a LS from RAN#4 is received as the following [1].
	RAN4 sees finer synchronization raster feasible as well as necessary for 3 MHz channel bandwidth. For 5 MHz channel bandwidth, RAN4 has not yet reached any agreement on the necessity for finer synchronization raster for 5 MHz channel bandwidth.
For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.


As agreed in previous meeting [2], the PSS and SSS are not punctured.  In RAN#1 112 meeting, PBCH based on RB-level puncturing was made as a working assumption [3].
	Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed


In this contribution, the PBCH puncturing patterns for 3MHz channel bandwidth are discussed.

PBCH puncturing patterns
For 3MHz channel bandwidth, the PBCH pattern depends on the transmission bandwidth.
[bookmark: _Hlk134627866]When the PBCH transmission bandwidth is 12 PRBs in band n100, there is the only pattern. According to WID, PSS/SSS is reused without puncturing, only middle 12 PRBs of legacy PBCH can be used. As shown in Figure 2-1, the fix PBCH pattern or middle 12 pattern can be determined with upper 4 PRBs and lower 4 PRBs punctured. 
[bookmark: _Hlk134628778][image: ]
Figure 2-1 [bookmark: _Hlk134628411]fixed pattern: upper 4RB + lower 4RB puncturing
In other bands, the max channel utilization 15 PRBs can be fully used for PBCH. To reduce PBCH performance loss, all available transmission bandwidth in 3MHz channel bandwidth should be used for PBCH transmission. Similarly, PSS/SSS is reused without puncturing, there are 4 different patterns of PBCH with 5 PRBs puncturing. These patterns can be described as:
· pattern1: upper 4RB + lower 1RB puncturing, as shown in Figure 2-2.
[bookmark: _Hlk134628863][image: ]
Figure 2-2 pattern1: upper 4RB + lower 1RB puncturing
· pattern2: upper 3RB + lower 2RB puncturing, as shown in Figure 2-3.
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Figure 2-3 pattern2: upper 3RB + lower 2RB puncturing
· pattern3: upper 2RB + lower 3RB puncturing, as shown in Figure 2-4.
[image: ]
Figure 2-4 pattern3: upper 2RB + lower 3RB puncturing
· pattern4: upper 1RB + lower 4RB puncturing, as shown in Figure 2-5.
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Figure 2-5 pattern4: upper 1RB + lower 4RB puncturing
[bookmark: _Hlk134629338][bookmark: _Hlk134629432]From RAN#1 perspective, when the PBCH transmission bandwidth is 15 PRBs, it is beneficial to support the four possible patterns for flexible spectrum deployment, i.e. matching with any possible spectrum allocation in the band, where an indication signaling can be introduced to determine a certain pattern.  Meanwhile, if the sync raster is finer enough to support only one of four patterns without any cost of spectrum deployment flexibility in a band, we are open to fix only one of the four patterns. Otherwise, all patterns should be supported to fulfill flexible NW deployment.
Thus, we have the following proposals.
Proposal 1: When the PBCH transmission bandwidth is 12 PRBs, the single pattern is supported:
· single pattern: upper 4RB + lower 4RB puncturing
Proposal 2: When the PBCH transmission bandwidth is 15 PRBs, to cover all possible spectrum allocation, a subset or all of the following patterns should be supported:
· pattern1: upper 4RB + lower 1RB puncturing
· pattern2: upper 3RB + lower 2RB puncturing
· pattern3: upper 2RB + lower 3RB puncturing
· pattern4: upper 1RB + lower 4RB puncturing
Proposal 3: Reply the RAN4 LS with the following question,
· Whether it is feasible to support only subset of the four patterns shown in Figure 2 to 5 and ensure flexible network deployment with 3MHz channel bandwidth in bands n106, n26, n28 and n56 with the sync raster being developed in RAN4.
Conclusion
According to the above analysis, we have the following proposals:
Proposal 1: When the PBCH transmission bandwidth is 12 PRBs, the single pattern is supported:
· single pattern: upper 4RB + lower 4RB puncturing
Proposal 2: When the PBCH transmission bandwidth is 15 PRBs, to cover all possible spectrum allocation, a subset or all of the following patterns should be supported:
· pattern1: upper 4RB + lower 1RB puncturing
· pattern2: upper 3RB + lower 2RB puncturing
· pattern3: upper 2RB + lower 3RB puncturing
· pattern4: upper 1RB + lower 4RB puncturing
Proposal 3: Reply the RAN4 LS with the following question,
· Whether it is feasible to support only subset of the four patterns shown in Figure 2 to 5 and ensure flexible network deployment with 3MHz channel bandwidth in bands n106, n26, n28 and n56 with the sync raster being developed in RAN4.
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