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Introduction
In RAN1 NR #90bis, the following agreements and working assumptions related to NR-PBCH and its DMRS [1]: 
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

Agreements:
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz

Agreements:
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4

Agreements:
· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID

Agreements:
· For PBCH 2nd scrambling initialization:
· initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:
· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 
· C_init = [NCell_ID]
· The X LSB bits of SS block index are used to determine a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length (2^X)*M where M is the number of bits to be scrambled
· Partition the generated sequence into 2^X non-overlapping portions
· X LSB bits of SS block index uniquely identify indices of each of the non-overlapping portion of the sequence
· X = 2 for max L=4, i.e., 1st and 2nd LSB bits of SS block index.
· X = 3 for max L=8 or 64, i.e., 1st, 2nd and 3rd LSB bits of SS block index





























In this contribution, we focus on the remaining issues related to NR-PBCH design, including the remaining details of NR-PBCH contents and payload size, the remaining details of EPRE, and the remaining details of PBCH scrambling.
Remaining Details of NR-PBCH Contents
Up to now, the following NR-PBCH contents and payload size have been agreed or made a working assumption (marked by a bracket): 
TABLE 1 
	NR-PBCH Contents
	Number of bits

	SFN
	10

	Half radio frame timing index
	1

	MSB of SS block index
	3 for >6 GHz

	CORESET numerology for RMSI
	1

	Other CORESET configuration for RMSI
	[≤ 8]

	Quick identification of UE camping
	2+1 reserved for RAN2

	First DMRS position configuration for PDSCH
	[1]

	PRB grid offset
	[4]

	CRC
	24

	Total
	[56]


Based on the above information, the remaining details of NR-PBCH contents include: 
· CORESET configuration for RMSI. In an email discussion after RAN1 NR #90bis, it was agreed that the maximum number of bits for configuration of RMSI CORESET and RMSI timing in PBCH is X bits excluding the subcarrier spacing, where  X is TBD, and can be chosen to be up to [8] bits. The other configurations of the CORESET, such as the frequency resource information (bandwidth, offset, etc.) and possibly time resource information (periodicity, time offset, number of the symbols, etc.), are detailed in our companion contribution [2].
· Reserved bits. In LTE Rel-8, 10 bits are reserved for future extension, and no bit is utilized until Rel-13, wherein 5 of the reserved bits are taken for eMTC SIB1 scheduling info. By learning from the lesson from LTE, NR may not need to keep a large number of reserved bits as in LTE for future extension, and very few bits, e.g. only 1 or 2 bits, may be sufficient. 
· PRB grid offset between SS/PBCH block and RMSI. In the last meeting, a working assumption was made that 4 bits in PBCH payload are utilized to indicate the PRB grid offset between SS/PBCH block and RMSI, and discussion on mixed numerology case is still under discussion. Note that RAN4 has agreed that the channel raster can be either 15 kHz or 100 kHz for <6 GHz bands, and is 60 kHz for >6 GHz bands. Considering the possible SCSs for RMSI can be either 15 kHz or 30 kHz for <6 GHz bands, and either 60 kHz or 120 kHz for >6 GHz bands, there are cases wherein the SCS for RMSI is larger than channel raster. For those cases, the SS/PBCH block PRB grid may not be aligned with RMSI RE grid, if full flexibility of the PRB location of RMSI is assumed (E.g. CH 1 in FIGURE 1 wherein the SCS of RMSI is 30 kHz and channel raster is 15 kHz). To correctly find the PRB boundary of RMSI in initial access, one has to indicate the half SCS as well, which requires one more bit in the PBCH payload and may not be preferable at this stage since the remaining number of bits in PBCH payload is very limited. One possible solution to avoid the case of half SCS indication is to limit the possible location of RMSI PRB grid on the network side, such that UE can always assume the PRB grid of SS/PBCH block is aligned with RE grid of RMSI, even when the SCS of RMSI is larger than channel raster. For example, as illustrated in FIGURE 1, CH 1 can be shifted in the frequency domain to CH 2 by +15 kHz or -15 kHz (e.g. channel raster size) such that the PRB grid of SS/PBCH block is aligned with RE grid of RMSI. In this way, 4 bits in PBCH payload is sufficient to indicate the PRB grid offset between SS/PBCH block and RMSI. 
Based on the above discussion, it is feasible to restrict the NR-PBCH payload size to be 56 bits with at least 1 reserved bit for >6 GHz and at least 4 reserved bits for <6 GHz. Note that if potential joint coding is performed for the CORESET configuration for RMSI such that the number of bits can be further reduced, the reserved bits can be more than the above analysis (see [2] for more details). 
Proposal 1: UE assumes that the PRB grid of SS/PBCH block is aligned with RE grid of RMSI, and 4 bits in NR-PBCH payload are utilized to indicate the PRB grid offset between SS/PBCH block and RMSI. 
Proposal 2: Confirm the working assumption that NR-PBCH has a payload size of 56 bits including CRC.
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Remaining Details of EPRE within SS Block
In RAN1 #90bis, a working assumption was made that the EPRE offset between NR-SSS RE and NR-PBCH DMRS RE is 0 dB. This is a nature outcome from the revised SS/PBCH block composition method, since after the revision. In [3], evaluation results on the performance of NR-PBCH and its DMRS are shown and the revised SS/PBCH block design has very little performance difference comparing to the originally agreed design. By noting that the revised design has minimum change with respect to RAN1 specification, we propose to confirm the working assumptions related to the SS/PBCH composition. Hence, we have the following proposal. 
Proposal 3: UE may assume the EPRE of NR-SSS is same as the one of NR-PBCH DMRS.
Remaining Details of NR-PBCH Scrambling 
In RAN1 NR-AH3, it was agreed that the 1st level NR-PBCH scrambling is based on cell ID as well as 2nd and 3rd LSB of SS block index. In RAN1 #90bis, it was agreed that 10 bits SFN and half frame index are all part of the NR-PBCH payload. Combining the agreements with the one in RAN1 #90, RAN1 currently has the following agreed proposal for the scrambled and non-scrambled part in the NR-PBCH payload: 
· Scrambled part: Other MIB + 1st LSB of SFN; 
· Non-scrambled part: 2nd/3rd LSBs of SFN + HF + 3 MSBs of SSB.
This proposal is lack of any systematic adjustment and technical reason, and is not preferable after reviewing by combining all the related agreements together. A revised proposal is required to fix the current problematic proposal on the 1st level scrambling, and the possible alternative proposals with comments are listed as follow: 
· Alt 1a: For <6 GHz, scrambled part: Other MIB; Non-scrambled part: 1st/2nd/3rd LSBs of SFN + HF.  For >6 GHz, scrambled part: Other MIB; Non-scrambled part: 1st/2nd/3rd LSBs of SFN + HF + 3 MSBs of SSB.   
· This is a clear distinguish between timing and non-timing related parts within a PBCH TTI.
· Note that the scrambling sequence length is not the same for <6 and >6.
· Bits in the scrambled part can be assumed the same when soft combining PBCH within TTI (scrambling sequence may not be the same).
· Alt 1b: For <6 GHz, scrambled part: Other MIB; Non-scrambled part: 1st/2nd/3rd LSBs of SFN + HF + 3 reserved bits.  For >6 GHz, scrambled part: Other MIB; Non-scrambled part: 1st/2nd/3rd LSBs of SFN + HF + 3 MSBs of SSB.   
· This is a clear distinguish between timing and non-timing related parts within a PBCH TTI.
· Unified scrambling length for <6 and >6.
· [bookmark: _GoBack]Bits in the scrambled part can be assumed the same when soft combining PBCH within TTI (scrambling sequence may not be the same).
· Alt 2: Scrambled part: Other MIB + 3 MSBs of SSB (for >6 GHz only) + HF + 1st LSB of SFN; Non-scrambled part: 2nd/3rd LSBs of SFN. 
· Very clean principle: non-scrambled part is the only the timing information contained within the scrambling sequence.
· Unified scrambling length for <6 and >6.
· Bits in the scrambled part are different when soft combining PBCH within TTI (may not have big impact on the complexity since only need to flip some of the LLR signs in scrambling).
· Scrambling length is longer (performance may be a little better than the other proposal, but may not be essential).
Based on the above discussion, Alt 2 is more preferable due to its simplicity and cleanness. 
Proposal 4: The 1st level scrambling sequence of NR-PBCH is not applied to the 2nd/3rd LSBs of SFN only.    
Conclusions
This contribution presented the discussion of remaining details of NR-PBCH design. Based on the discussion above, we have the following proposals:
Proposal 1: UE assumes that the PRB grid of SS/PBCH block is aligned with RE grid of RMSI, and 4 bits in NR-PBCH payload are utilized to indicate the PRB grid offset between SS/PBCH block and RMSI. 
Proposal 2: Confirm the working assumption that NR-PBCH has a payload size of 56 bits including CRC.
Proposal 3: UE may assume the EPRE of NR-SSS is same as the one of NR-PBCH DMRS.
Proposal 4: The 1st level scrambling sequence of NR-PBCH is not applied to the 2nd/3rd LSBs of SFN only.    
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