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[bookmark: _Ref471367327]Introduction
[bookmark: _Hlk489610441]For NR-PBCH design, the following topics and working assumptions were agreed and/or FFS in RAN1 #90bis meeting [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:
· UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.
· Bandwidth for RMSI and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).
· Note: The UE minimum bandwidth will be finally determined by RAN4.
Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delivering RMSI are confined within the initial active DL BWP

 Agreements:
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency
· The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 
· X is TBD, and can be chosen to be up to [8] bits.
· Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH
·  Configuration of RMSI CORESET(s) should consider at least the following properties: 
· bandwidth (PRBs) 
· frequency position (frequency offset relative to SS/PBCH block) 
· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB
·  RMSI timing configuration should consider at least the following properties: 
· RMSI PDCCH monitoring window periodicity y
· RMSI PDCCH monitoring window duration x
· FFS: RMSI PDCCH monitoring window offset
· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB
Agreements:
· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID


A few remaining details for the NR-PBCH design are discussed below, i.e. the details of the NR-PBCH content and the 1st scrambling sequence initialization. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]NR-PBCH payload
From the mail discussions during RAN1 NR latest meeting, some of the parameters in NR PBCH payload have been agreed: e.g. SS block time index indication, SFN bits, half frame indication bits. Some other fields remain to be discussed. We propose to use table 1 as PBCH payload definition.
	Information
	Number of bits
	Comment

	RMSI Configuration
	8
	See table 1 in [3] for details

	Subcarrier Spacing (of RMSI, Msg.2/4 for initial access and broadcasted OSI)
	1
	0: 15kHz (FR1) or 60kHz (FR2)
1: 30kHz (FR1) or 120kHz (FR2)

	SFN
	10
	 

	SS block time index
	3
	Reserved for below 6 GHz

	Half frame indication
	1
	Also known from DMRS when L=4

	“CellBarred” flag
	2
	Note: 2nd bit for frequency reselection

	Reserved RAN2
	1
	

	1st PDSCH DMRS position
	1
	3rd or 4th symbol

	PRB grid offset
	4
	

	Reserved bits 
	1
	

	CRC
	24
	

	Total including CRC
	56
	 


[bookmark: _Ref481681706]Table 1 Estimation on the number of system information bits
[bookmark: _Toc481696920][bookmark: _Toc481745112][bookmark: _Toc481745334][bookmark: _Toc481745496][bookmark: _Toc481877414][bookmark: _Toc484175371][bookmark: _Toc484176056][bookmark: _Toc484176080][bookmark: _Toc484420028][bookmark: _Toc484422452][bookmark: _Toc484684819][bookmark: _Toc484685647][bookmark: _Toc485383148][bookmark: _Toc490215131][bookmark: _Toc492308840][bookmark: _Toc492396515][bookmark: _Toc492639140][bookmark: _Toc492952275][bookmark: _Toc494233489][bookmark: _Toc494408070][bookmark: _Toc494408157][bookmark: _Toc494412013][bookmark: _Toc494465202][bookmark: _Toc494469894][bookmark: _Toc494469914][bookmark: _Toc494728511][bookmark: _Toc494758924][bookmark: _Toc497836455][bookmark: _Toc498002425][bookmark: _Toc498074446][bookmark: _Toc498351976][bookmark: _Toc498352057][bookmark: _Toc498352069][bookmark: _Toc498352104][bookmark: _Toc498352514][bookmark: _Toc498354012][bookmark: _Toc498460598][bookmark: _Toc498460621][bookmark: _Toc498460627][bookmark: _Toc498460666][bookmark: _Toc498533935][bookmark: _Toc498542099][bookmark: _Toc498549358][bookmark: _Toc498605794][bookmark: _Toc498620955][bookmark: _Toc498621184][bookmark: _Toc498622058][bookmark: _Toc498682412][bookmark: _Toc498683218][bookmark: _Toc498683294][bookmark: _Toc498699675][bookmark: _Toc498697151]The PBCH payload size is 56 bits including CRC bits, and detail definition of each parameter is stated in table 1. 
1st scrambling sequence initialization
Confirm the working assumption for 1st scrambling sequence initialization.
[bookmark: _Toc498534539][bookmark: _Toc498542105][bookmark: _Toc498549364][bookmark: _Toc498605800][bookmark: _Toc498620962][bookmark: _Toc498621191][bookmark: _Toc498622065][bookmark: _Toc498682413][bookmark: _Toc498683219][bookmark: _Toc498683295][bookmark: _Toc498699676][bookmark: _Toc498697152]For PBCH 1st scrambling initialization, confirm that C_init = N^cell_ID
SS/PBCH block subcarrier shift indication
It was agreed in RAN1 #90bis that 4 bits will be used to indicate the subcarrier shift for the SS/PBCH block.  In [2] it was discussed that in order for the UE to know the PRB grid of the RMSI numerology, an additional bit is needed in the PBCH to distinguish which pairs of PRB in the lower numerology map to on PRB in the higher numerology when the shift is introduced. Here, it should be noted that after reading the PBCH, the UE is not aware of the overall system bandwidth and hence not the PRB indexing reference. The CORESET will need to be indicated relative to the SSB removing the subcarrier offset and the resource allocation for PDSCH will also need to use a reference relative to the SSB. Since both are relative to the SSB, the UE does not need any additional information to receive the RMSI when the SS/PBCH block has different numerologies. It was already agreed that the offset to the PRB grid from the lower edge of the SS/PBCH block is signaled to the UE. This signaling can be in the RMSI as proposed in [3] and after reading the RMSI all resource allocations can be using the PRB grid of the cell. 
[bookmark: _Toc498621192][bookmark: _Toc498622066][bookmark: _Toc498682414][bookmark: _Toc498683220][bookmark: _Toc498683296][bookmark: _Toc498699677][bookmark: _Toc498697153] No additional bit is needed for the indication of PRB grid of RMSI
Another issue related to the subcarrier shift is the numerology for the shift. The purpose of the shift was to allow subcarrier granularity in the shifting of the carrier itself to match the channel raster. The subcarrier spacing of the carrier itself is in many cases the same as the subcarrier spacing of the RMSI and then frequency shift should be in  the subcarrier spacing of the RMSI.
[bookmark: _Toc498622067][bookmark: _Toc498682415][bookmark: _Toc498683221][bookmark: _Toc498683297][bookmark: _Toc498699678][bookmark: _Toc498697154]The subcarrier shift signaled in the SS/PBCH block is in the subcarrier spacing of the  RMSI
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The PBCH payload size is 56 bits including CRC bits, and detail definition of each parameter is stated in table 1.
Proposal 2	For PBCH 1st scrambling initialization, confirm that C_init = N^cell_ID
Proposal 3	No additional bit is needed for the indication of PRB grid of RMSI
Proposal 4	The subcarrier shift signaled in the SS/PBCH block is in the subcarrier spacing of the  RMSI
[bookmark: _In-sequence_SDU_delivery]
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