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1. [bookmark: _Ref492763289]Introduction
This contribution provides our view on the remaining aspects of PBCH design.
2. Wideband RS for PDCCH  
The following agreements on the configuration for wideband RS were agreed last meeting. It is 
	Agreements:
1. Confirm the WA with the following clarifications (in red):
1. For each CORESET, precoder granularity in frequency domain is:
1. Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
0. For ii), DMRS is mapped over all REGs within CORESET.
0. RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
0. In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.




Proposal 1: The configuration on precoder granularity in frequency domain is indicated in PBCH, e.g., in RMSI CORESET configuration.
3. [bookmark: _Hlk481654588]RMSI presence indication  
There could be two kinds of SS blocks in wideband operation: cell defining SS block(s) to define the cell, and measurement SS block(s). One transmission option is not to send measurement SS blocks on the sync rasters. Hence, there is no RMSI associated with the measurement SS block(s). However, to support deployment flexibility, it is desirable to allow network to send the measurement SS blocks on or off the sync raster locations. For the measurement SS blocks on the sync rasters, there are two options on RMSI transmission:
· Option 1: measurement SS block is not associated with RMSI when it is transmitted on the sync raster. Hence, the absence of RMSI should be informed to UE so that UE does not need to search for RMSI.  
· Option 2: measurement SS block is always associated with RMSI when it is transmitted on the sync raster. Now such measurement SS block becomes the cell defining SS block. 
From NW perspectives, Option 1 could reduce network overhead for RMSI beam sweeping and transmission. Hence, whenever the measurement SSB is transmitted on the sync signal frequency, it is beneficial to indicate that there is no RMSI associated with this SSB by RMSI presence flag in the PBCH payload. 
Proposal 2: RMSI presence flag is indicated in PBCH payload.
4. On PBCH scrambling
It has been agreed that PBCH payload, prior to CRC attach and encoding, is masked (scrambled) with a mask (or so-called 1st scrambling sequence) that is derived from  and SFN bits  carried in payload. Moreover, bits  in the payload remain unmasked, so that, upon successful decode, the UE can readily determine the mask and unmask the original data.  The mask introduces cell-specific time-depended changes to the payload every time bits  change, which happens every 20ms, and hence produces intercell interference randomization.  
[image: ]
Figure 2: Timing information bitfields. All applicable bits except  are carried in PBCH payload.
The codeword of the masked payload can be decoded without hypothesizing/blind decoding, unlike LTE-style time-dependent pseudo-random scrambling of coded rate-matched bits. However blind decoding is still needed for soft combining. UE may soft combine by hypothesizing on xor of the masked payloads between the two transmissions. 
E.g., soft combining two transmissions exactly 20ms apart requires upto 4 blind decodes, and soft combining two transmissions exactly 10ms apart requires upto 5 blind decodes (both include the hypothesis that the two transmissions straddle BCH TTI and hence decoded without combining.) That is, when soft combining two transmissions 10ms apart, there is one additional blind decode incurred but there is no additional intercell interference randomization. Specifically, this blind decode tests the hypothesis that only the bit  has changed in the payload (i.e., first transmission is from even SFN and the second from the next odd SFN.)  Going from even SFN to odd SFN, the change in payload is identical in all cells (bit  changing from 0 to 1), and hence there is no intercell interference randomization.
However, the NR design can be redeemed with a slight addition so that there are no “wasted” blind decodes. We can introduce intercell interference randomization every 10ms while keep the number of blind decodes exactly the same as the current design. Next, we summarize the current agreed design before proposing a slight addition to it.
4.1 Current agreement 
Let  denote the  bits long masking sequence with which the PBCH payload is masked before CRC attach and encoding; this is the so-called 1st scrambling sequence. Here,  is the number of bits of the PBCH payload that are masked. 
With seed , generate  bits long sequence, , and cut it in four parts, , for . Then select a part based on timing bits  as masking sequence, i.e., . 
Table 1: Current agreement for generating mask sequence (1st scrambling sequence)
	
	Mask sequence

	00
	

	01
	

	10
	

	11
	



4.2 Proposed addition 
· Alt1: If bit , do nothing new; if , additionally mask PBCH payload with .

· Alt2: Use seed  to generate  bits long sequence, , and cut it in five parts, , for . Then define masking sequence as, .
Table 2: Proposal for including s0 in mask sequence generation
	
	
	Mask sequence

	00
	0
	 

	00
	1
	 

	01
	0
	 

	01
	1
	 

	10
	0
	 

	10
	1
	 

	11
	0
	 

	11
	1
	 



In both alternatives above, since three SFN bits  are now being used to derive the mask sequence, the bit  too remains unmasked (unscrambled) in addition to .
Proposal 3: Include SFN bit  in derivation of the mask/1st scrambling sequence in the proposed fashion, to introduce intercell interference randomization every 10ms while retaining the same number of blind decodes as the current agreement. 
[bookmark: _GoBack]Another aspect is that with current agreements, the MIB payload has scrambled information part (scrambled by 1st scrambling code) and unscrambled information part. The unscrambled information part includes SSB block index, half-frame timing and 2nd/3rd LSBs of SFN, which does not provide a unified 1st scrambling code design for both Sub-6 and mmW. It would be a cleaner and unified design across Sub-6 and mmW if the unscrambled information bit contains 2nd/3rd LSBs of SFN only (or 3 LSBs of SFN if the Proposal 3 is agreed). This design could offer better randomization (the main motivation of 1st scrambling code) due to longer 1st scrambling code.


5. Conclusion 
This contribution presents our views on the remaining PBCH design aspects. In particular, the following proposals have been made:
Proposal 1: The configuration on precoder granularity in frequency domain is indicated in PBCH, e.g., in RMSI CORESET configuration.
Proposal 2: RMSI presence flag is indicated in PBCH payload.
Proposal 3: Include SFN bit  in derivation of the mask/1st scrambling sequence in the proposed fashion, to introduce intercell interference randomization every 10ms while retaining the same number of blind decodes as the current agreement.
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