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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR PBCH, the following agreements are achieved in the previous meetings [1]:
[bookmark: _Ref129681832]Agreements: 
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS
Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID

Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
In this contribution, the remaining issues for PBCH are addressed. 

[bookmark: _Ref492039987][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK5][bookmark: OLE_LINK6]PBCH DMRS
From above agreement, the PBCH DMRS sequence is based on a long Gold sequence as in LTE. Incorporating the agreed framework with sequence initialization from cell ID, and 3 bits from time identification, the sequence is given in the following: 

· 
· 
· 
where and the first m-sequence shall be initialized with 
· .
The initialization of the second m-sequence is denoted by 
· , with , where SS block index  is a sequence of size b=3 for both L=4 and L=8 with its MSB set to zero for L=4. 
Thus the initialization value is associated with both Cell ID and 3 bits of SS block time index.
Proposal 1: PBCH DMRS sequence is based on a long Gold sequence by following LTE design, where:
The first m-sequence shall be initialized with . Initialization of the second m-sequence is denoted by , with , where SS block index  is a sequence of size b=3 for both L=4 and L=8 with its MSB set to zero for L=4. 

PBCH Contents 
The different contents of the NR-PBCH are discussed in this section. 
· RMSI scheduling information
The RMSI scheduling information carries the CORESET information of control channel that schedules the PDSCH containing RMSI. In our companion contribution [2], the CORESET configuration for common search space is discussed. Based on the discussion in our companion contribution, at least the following information needs to be configured in NR-PBCH:
· Starting position of the CORESET in frequency domain [2 bits]
· Comb information for distributed CORESET mapping [2 bits]
· Size of the CORESET [2 bits]
· Time location of the CORESET [2 bits]
The details on CORESET information are still under discussion. Before any agreements are made, [8] bits RMSI scheduling information can be assumed in MIB.
Proposal 2: [8] bits RMSI scheduling information is carried in NR-MIB.
· Information regarding bandwidth part
It has been agreed in RAN1#90 [1] that there is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established. For initial active DL BWP, the SS block, CORESET for RMSI, NR-PDSCH carrying RMSI, paging, OSI, Msg.2 and Msg.4 should be transmitted within the BWP. 
For forward compatibility and better flexibility, it is better that the bandwidth of initial active DL BWP is indicated by NR-MIB. For example, 8 possible bandwidths are predefined, and 3 bits are used to indicate one of the bandwidth. For the frequency location of the initial active DL BWP for RMSI, it can be derived from the bandwidth and the CORESET, e.g. boundary/center frequency of the initial active DL BWP for RMSI and CORESET for RMSI scheduling are aligned.
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Proposal 3: [3] bits information regarding bandwidth of initial active BWP is carried in NR-MIB.
· Information regarding ‘floating sync’
In RAN4 #84 meeting, some tentative agreements have been made on the channel raster [3] that require the “floating sync” in NR. According to these tentative agreements, sync block is not PRB aligned with the data PRBs and there is an arbitrary offset between the edge of the SS block PRBs and PRB grid for common PRB indexing, the offset is up to 11 subcarriers, 4 bits is needed. From RAN1 perspective, this offset can be indicated to a UE via NR-PBCH, and once this offset is known to the UE, the PRB grid of (at least) the numerology of SS block is determined.
Proposal 4: [4] bits information regarding Offset between the edge of SS block PRBs and the PRB grid for common PRB indexing is carried in NR-MIB.
· Information for quick identification that there is no corresponding RMSI to the PBCH
To reduce the overhead in a wideband carrier, some SS blocks could be configured without corresponding RMSI. RMSI is necessary for UE to access to the cell. Network can indicate the presence of corresponding RMSI to the PBCH, in order to prevent the access of UEs which detect the SS block and corresponding PBCH. The carrier with SS block and corresponding RMSI could be taken as Primary Cell (PCell), and the carrier without SS block or without RMSI can only be added as Secondary Cell (SCell). Since the PCell can only be changed with handover, RMSI presence should be carrier-specific, and the content is the same for PBCHs with different beams in one carrier.
Proposal 5: 1 bit identification of RMSI presence is carried in MIB of NR-PBCH if it is not included in the RMSI scheduling information field. 
· Information on tracking RS
The information on tracking RS could be configured by UE specific RRC signaling as the CSI-RS configuration. Therefore, there is no need to be included in the MIB.
Proposal 6: Information on tracking RS is not carried in NR-MIB.  
· Reserved bits
In LTE Rel-8, 10 bits are reserved for future extension. In NR, at least 10 bits should be reserved. 
Proposal 7: At least 10 bits are reserved in PBCH. 
· CRC 
Proposal 8: [19] bits CRC is carried in NR-MIB.
· Other contents decided by RAN2
As described in reply LS from RAN2 [4], the following contents in MIB related to RAN2 discussion are listed as following: H-SFN: [0] bits, Area ID: [0] bits, Value tag: [0] bit, cell ID extension: [0] bits, RAN2 has not identified a RAN2 need for physical Cell ID extension, and 
· Information for quick identification that UE can not camp on the cell: up to [2] bit
Finally, Table 1 summarizes the contents and payload size of NR-PBCH as discussed above.
Table 1: Contents and of NR-PBCH
	NR-PBCH contents
	Size

	SFN
	10

	SS block time index
	3

	RMSI scheduling information
	[8]

	bandwidth of initial active BWP
	[3]

	Offset between the edge of SS block PRBs and the PRB grid for common PRB indexing
	[4]

	Information for quick identification that there is no corresponding RMSI to the PBCH
	[1]

	[Information for quick identification that UE can not camp on the cell]
	Up to [2]

	half radio frame indication
	1

	Reserved bits
	10+x

	CRC bits
	[19]

	Total
	[61]+x



Conclusion
The proposals in this paper are summarized as follows:
Proposal 1: PBCH DMRS sequence is based on a long Gold sequence by following LTE design, where:
The first m-sequence shall be initialized with . Initialization of the second m-sequence is denoted by , with , where SS block index  is a sequence of size b=3 for both L=4 and L=8 with its MSB set to zero for L=4. 
Proposal 2: [8] bits RMSI scheduling information is carried in NR-MIB.
Proposal 3: [3] bits information regarding bandwidth of initial active BWP is carried in NR-MIB.
Proposal 4: [4] bits information regarding Offset between the edge of SS block PRBs and the PRB grid for common PRB indexing is carried in NR-MIB.
Proposal 5: 1 bit identification of RMSI presence is carried in MIB of NR-PBCH if it is not included in the RMSI scheduling information field. 
Proposal 6: Information on tracking RS is not carried in NR-MIB.  
Proposal 7: At least 10 bits are reserved in PBCH. 
Proposal 8: [19] bits CRC is carried in NR-MIB.
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