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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 NR Ad-Hoc #3 meeting [1]:
Agreements:
· The following working assumption is confirmed:
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
Proposals:
· For 5 ms SS/PBCH block periodicity
· The half-frame is indicated by an explicit bit in the NR-PBCH payload
· For 10 ms and higher SS/PBCH block periodicity
· The SS/PBCH blocks are transmitted in the first half-frame of a frame 
· FFS: Use of half-frame bit in PBCH

Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index
Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw

A few remaining details for the NR-PBCH design are discussed below, including the NR-PBCH content, NR-PBCH DMRS sequence, half-frame indication, 2nd scrambling of PBCH and power offset SSS to PBCH DMRS. 
[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, spare bits. Some other fields remain to be discussed. We propose to use table 1 as way forward for PBCH payload definition.

	Information
	Number of bits
	Comment

	SFN
	10
	 

	RMSI configuration
	[8]
	Includes all information needed to receive the PDCCH and PDSCH for RMSI including RMSI presence flag and RMSI, MSG2/4 SCS, possible QCL indication, and indication of initial active bandwidth part (if needed). 8 bits is the target with exact number of bits to be confirmed.

	SS block time index
	3
	Only present for above 6 GHz

	Half frame indication
	 
	Inclusion depends on agreement

	“CellBarred” flag
	1
	 

	1st PDSCH DMRS position
	1
	Working assumption

	PRB grid offset
	4
	 

	Reserved bits
	[13] (sub 6 GHz)
[10] (over 6 GHz)
	· There will be at least 4 reserved bits. 
· In addition, reserved bits are added to achieve byte alignment.
· Any additional agreed fields will reduce the number of reserved bits

	CRC
	[19]
	Discuss if PBCH CRC should be PBCH-specific or aligned with PDCCH CRC

	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]The PBCH payload size is not more than 56 bits including CRC bits, where the number of bits allocated to CRC, RMSI configuration bits and reserved bits can be discussed as long as the total number of bits is no more than 56. 
NR-PBCH DMRS sequence
According to the agreed working assumption, the pseudo-random sequences to be used as DMRS sequence are defined by a length-31 Gold sequence. To have better correlation property, we propose to use non-linear initialization value defined below.

at the start of every SS block.  is the maximum SS blocks to be indicated by DMRS sequences, and  is the LSB of time index of a SS block.
The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as the reference symbols in SS block ,  according to 

where


where  and  denote the first subcarrier index and OFDM symbol index of the SS block, , respectively. The cell-ID-based frequency shift is considered in the mapping.  
[bookmark: _Toc490041743][bookmark: _Toc490053063][bookmark: _Toc490062044][bookmark: _Toc490063682][bookmark: _Toc490160627][bookmark: _Toc490236767][bookmark: _Toc490245535][bookmark: _Toc490246090][bookmark: _Toc490246143][bookmark: _Toc492308842][bookmark: _Toc492396516][bookmark: _Toc492639141][bookmark: _Toc492952276][bookmark: _Toc494233490][bookmark: _Toc494408071][bookmark: _Toc494408158][bookmark: _Toc494412014][bookmark: _Toc494465203][bookmark: _Toc494469895][bookmark: _Toc494469915][bookmark: _Toc494728512][bookmark: _Toc494758925]Use below initialization value for NR PBCH DMRS sequence generation 

Half-frame indication
Since it has been agreed that the 1st scrambling, initialization based on cell-ID and a part of SFN, is applied to NR-PBCH payload bits prior to CRC attachment and encoding process. The remaining issue is how to indicate the half frame, which can be delivered by DMRS sequence, 1 explicit bit in NR-PBCH payload. Compared with the DMRS sequence based transmission, this scheme needs decoding on the NR-PBCH payload. For handover purpose, the decoding on the neighboring cells’ NR-PBCH would not have much complexity to obtain the downlink synchronization for the robust performance. Thus, we propose to deliver the half frame indication information with 1 explicit bit in NR-PBCH payload. For the hand over case, the reading being able to decode the PBCH with one shot should be possible given that the cell has already been identified to have a quality sufficient for communication.
[bookmark: _Toc492396517][bookmark: _Toc492639142][bookmark: _Toc492952277][bookmark: _Toc494233492][bookmark: _Toc494408073][bookmark: _Toc494408160][bookmark: _Toc494412016][bookmark: _Toc494465205][bookmark: _Toc494469897][bookmark: _Toc494469917][bookmark: _Toc494728514][bookmark: _Toc494758927][bookmark: _Toc494233493][bookmark: _Toc494408074][bookmark: _Toc494408161][bookmark: _Toc494412017][bookmark: _Toc494465206]An explicit bit in the NR-PBCH payload is introduced to indicate the half-frame index at least for 5ms SS/PBCH periodicity case
2nd Scrambling of PBCH
It has been agreed to have cell ID as one initialization parameter to be used for the 2nd scrambling sequence generation. And to avoid correctly decoded PBCH in case of wrongly detected SS/PBCH block index, we propose to use alternative 2 for the initialization of the 2nd scrambling sequence.

[bookmark: _Toc494408076][bookmark: _Toc494408163][bookmark: _Toc494412019][bookmark: _Toc494465208][bookmark: _Toc494469898][bookmark: _Toc494469918][bookmark: _Toc494728515][bookmark: _Toc494758928]Support 2nd scrambling initialization based on both cell ID and 3 LSB of SS/PBCH block index
Power offset SSS to PBCH DMRS 
In 3GPP RAN1 NR Ad-Hoc#3 it was agreed to have 2 alternative fixed power offset values (0dB or 3dB) defined in the specification between NR-SSS and PBCH-DMRS per frequency band. The sourcing company doesn’t see the necessary to have 3dB power boost for SSS based on the simulations. So we propose to adopt alternative 1, i.e. 0dB power offset SSS to PBCH DMRS.
[bookmark: _Toc494412020][bookmark: _Toc494465209][bookmark: _Toc494469899][bookmark: _Toc494469919][bookmark: _Toc494728516][bookmark: _Toc494758929]Power offset SSS to PBCH DMRS is 0dB
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The PBCH payload size is not more than 56 bits including CRC bits, where the number of bits allocated to CRC, RMSI configuration bits and reserved bits can be discussed as long as the total number of bits is no more than 56.
Proposal 2	Use below initialization value for NR PBCH DMRS sequence generation

[bookmark: _GoBack]Proposal 3	An explicit bit in the NR-PBCH payload is introduced to indicate the half-frame index at least for 5ms SS/PBCH periodicity case
Proposal 4	Support 2nd scrambling initialization based on both cell ID and 3 LSB of SS/PBCH block index
Proposal 5	Power offset SSS to PBCH DMRS is 0dB

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref492638903]Chairman notes, RAN1 NR Ad Hoc #3, Nagoya, Japan, September 18th – 21st, 2017
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