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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#90:
Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload
Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block
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
Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS


A few remaining details for the NR-PBCH design are discussed below, including the NR-PBCH content and payload size estimation, NR-PBCH DMRS sequence and half-frame indication. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]NR-PBCH payload
SS block time index indication
In addition to the higher layer payload in NR-MIB the NR-PBCH provides the UE with 3 bits SS block time index information in case of above 6GHz. To support the same payload size between below-6 and above-6 GHz, these 3 bits in below 6GHz can be used for other purposes or part of spare bits.
[bookmark: _Toc492639133][bookmark: _Toc492952268]The NR-PBCH payload should be the same for below-6 and above-6 GHz
System frame number
To establishing system frame timing, part of the system frame number (SFN) can be derived from the NR-PBCH payload, like 8 bits SFN information bits in LTE MIB. The remaining SFN information, e.g., 2 bits in LTE, can be implicitly delivered by the scrambling sequences of the four possible radio frame offsets in one TTI.
According to the agreement, the 1st scrambling is applied to the NR-PBCH payload prior to CRC attachment and encoding process, and the scrambling is generated by both cell-ID and a part of SFN, 3 or 2 LSB bits. To derive the correct SFN LSB bits after CRC checking, these bits have to be attached within the NR-PBCH payload to generate the proper descrambling sequence after correct decoding.
[bookmark: _Toc492639134][bookmark: _Toc492952269]The 1st scrambling applied to the NR-PBCH payload prior to CRC attachment and encoding process is supposed to carry 3 SFN LSB bits.
NR-PDCCH configuration for reception of RMSI (NR-SIB1)
The NR-PDSCH carrying the remaining system information will have variable payload and has been agreed to be scheduled using the NR-PDCCH. The configuration of the field nrPdcchSib1 in NR-PBCH is proposed to contain at least the following information:
QCL-indication (1 bits): In some deployments, the transmission of RMSI may not be spatially QCL with the transmission of the SS Block. For example, we may transmit the RMSI in a wide sector beam while the SS Blocks are transmitted in more narrow beams. We may also provide the RMSI from a micro node while micro nodes within the coverage area of the macro node only transmit the SS Block. 
If the RMSI transmission is QCL with the SS Block then the UE can assume that the RX beamforming weights, AGC settings, and synchronization used for reception of the SS Block is also suitable for reception of the RMSI.
When the RMSI is not QCL with the SS Block, the UE can assume that the NR-PDCCH transmission providing the RMSI (NR-SIB1) is assisted by an additional synchronization signal, see [1] for more details.
[bookmark: _Toc484175364][bookmark: _Toc484176049][bookmark: _Toc484176073][bookmark: _Toc484420021][bookmark: _Toc484422445][bookmark: _Toc484684812][bookmark: _Toc484685640][bookmark: _Toc485383141][bookmark: _Toc490215126][bookmark: _Toc492308835][bookmark: _Toc492396510][bookmark: _Toc492639135][bookmark: _Toc492952270]The RMSI configuration in NR-PBCH contains 1 QCL-indication bit indicating if the NR-PDCCH providing RMSI is spatially QCL with the SS Block or not.
Numerology indication (2 bits): Indicates the numerology of the RMSI transmission.
[bookmark: _Toc484175366][bookmark: _Toc484176051][bookmark: _Toc484176075][bookmark: _Toc484420023][bookmark: _Toc484422447][bookmark: _Toc484684814][bookmark: _Toc484685642][bookmark: _Toc485383143][bookmark: _Toc490215127][bookmark: _Toc492308836][bookmark: _Toc492396511][bookmark: _Toc492639136][bookmark: _Toc492952271]The RMSI configuration in NR-PBCH contains 2 bits used to configure the numerology for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
CORESET configuration (3 bits): Indicates the time and frequency resources used for the NR-PDCCH. This allows for providing some assistance for the UE to guide it where it should search for the NR-PDCCH that will schedule the RMSI (NR-SIB1). With 3 bits CORESET configuration we can e.g. configure 1 out of 7 pre-defined CORESET alternatives and reserve the last code-point to a NULL configuration to be used when no RMSI is transmitted. 
[bookmark: _Toc484175368][bookmark: _Toc484176053][bookmark: _Toc484176077][bookmark: _Toc484420025][bookmark: _Toc484422449][bookmark: _Toc484684816][bookmark: _Toc484685644][bookmark: _Toc485383145][bookmark: _Toc490215128][bookmark: _Toc492308837][bookmark: _Toc492396512][bookmark: _Toc492639137][bookmark: _Toc492952272]The RMSI configuration in NR-PBCH contains 3 bit used to configure the physical resources used for the NR-PDCCH scheduling the transmission of NR-SIB1.
Discussion on additional bits proposed for the NR-PBCH
In RAN1#89, several additional information elements were proposed included in the NR-PBCH. In the following, we discuss why these fields do not need to be included in the NR-PBCH
H-SFN: RAN2 agreed that this information is not needed.
Timing information: Timing information for the SS Block within the radio frame or the SS Block index within the SS Burst Set is assumed to be implicitly encoded in other ways, see [1] for details.
No-RMSI indication: It has also been proposed to include information for quick identification that there is no corresponding RMSI to the PBCH. The CORESET configuration (see above) can be used for this purpose (e.g. one of the CORESET configurations is a NULL value indicating that no NR-SIB1 is being transmitted).
Bandwidth: Depending on the definition of the DMRS for the NR-PDCCH providing the RMSI this information may not be required. If e.g. the DMRS look the same regardless if the RMSI is scheduled within a large or small bandwidth then all the UE need is to find the NR-PDCCH within the common search space. It does not really have to know if there is additional system bandwidth at this stage.

Camping allowed indication: RAN2 stated UEs need to be able to determine if a cell is campable or not. The “No-RMSI indication” can be used to indicate that in most relevant situations and the additional benefit of including a separate bit for this in NR-PBCH is very limited. See [2] for further details.

SS Burst Set configuration: We don’t think this is required in the NR-PBCH. Once the UE has acquired the SS Block it can determine the SS Burst Set periodicity blindly. The UE does not need to know if SS Bursts it cannot detect are transmitted or not. Alternatively, additional bits providing this information could be included in the RMSI.

Cell ID extension: The RMSI should contain the cell global ID. Hence there is no need to provide any cell ID extension in the NR-PBCH.

Information on tracking RS: We consider the proposed QCL bit to provide this functionality, at least for the reception of the NR-PDCCH providing the RMSI (see discussion above).

Spare bits versus extension bit
In LTE there are 10 spare bits defined in the NR MIB. Lessons from how these bits have been used (or rather not used) indicates that spare-bits are not really a useful way to provide future compatibility. It is much more efficient to leave as much un-defined space as possible in the time-frequency grid. Since 5G-NR is based on ultra-lean design we can easily extend the system in the future by adding additional signals. For this purpose, we propose that NR-PBCH contains only one single “extension bit” that can be defined in a future release.
[bookmark: _Toc484165955][bookmark: _Toc484175369][bookmark: _Toc484176054][bookmark: _Toc484176078][bookmark: _Toc484420026][bookmark: _Toc484422450][bookmark: _Toc484684817][bookmark: _Toc484685645][bookmark: _Toc485383146][bookmark: _Toc490215129][bookmark: _Toc492308838][bookmark: _Toc492396513][bookmark: _Toc492639138][bookmark: _Toc492952273]NR-PBCH does not need to contain multiple spare bits in all cases.
[bookmark: _Toc484165956][bookmark: _Toc484175370][bookmark: _Toc484176055][bookmark: _Toc484176079][bookmark: _Toc484420027][bookmark: _Toc484422451][bookmark: _Toc484684818][bookmark: _Toc484685646][bookmark: _Toc485383147][bookmark: _Toc490215130][bookmark: _Toc492308839][bookmark: _Toc492396514][bookmark: _Toc492639139][bookmark: _Toc492952274]NR-PBCH contains at least one extension bit that may or may not be defined in a future release.
PBCH payload estimate
The exact number of the payload bits of the NR-PBCH should be further decided by RAN2, but based on the discussion above the size of the proposed NR-PBCH payload is summarized and estimated in Table 1. 
[bookmark: _Ref481681706]Table 1 Estimation on the number of system information bits
	[bookmark: _Hlk481766563]Information
	Number of bits

	SFN
	10

	NR-PDCCH configuration
	6
(3 CORESET + 
1 QCL + 
2 numerology bits)

	SS block time index
	3

	Half frame indication
	1

	Extension 
	1

	Total information bits
	21

	CRC
	19

	Total including CRC
	40


 
With 1 extension bits there is room for including a pointer to additional information in future releases. Based on this we propose:
[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]The number of system information bits delivered in NR-PBCH is 21 and the total code block size is 40 bits including 19-bit CRC.
NR-PBCH DMRS sequence
According to the working assumption, the pseudo-random sequences to be used as DMRS sequence are defined by a length-31 Gold sequence. The proposal in [1] is updated to follow the working assumptions. The output sequence  of length , where , is defined by



where , and the first m-sequence shall be initialized with  The initialization of the second m-sequence is denoted by  with the value depending on the application of the sequence. Based on the pseudo-random sequence, the reference signal sequence  for the  SS block is defined as
 
where  is the number of PRBs for NR-PBCH. In the agreement, the sequence initialization should be based on cell-ID and SS block time index, so the sequence can be initialized with

at the start of every SS blocks.  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]Confirm the working assumptions on the NR-PBCH DMRS sequence in RAN1#90.
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, the 2nd scrambling or 1 explicit bit in NR-PBCH payload. Compared with the DMRS sequence based transmission, the latter two schemes need 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 2nd scrambling or 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]The half-frame can be indicated by the 2nd scrambling applied to the encoded NR-PBCH bits or 1 explicit bit in the NR-PBCH payload.
Conclusion
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	The NR-PBCH payload should be the same for below-6 and above-6 GHz
Proposal 2	The 1st scrambling applied to the NR-PBCH payload prior to CRC attachment and encoding process is supposed to carry 3 SFN LSB bits.
Proposal 3	The RMSI configuration in NR-PBCH contains 1 QCL-indication bit indicating if the NR-PDCCH providing RMSI is spatially QCL with the SS Block or not.
Proposal 4	The RMSI configuration in NR-PBCH contains 2 bits used to configure the numerology for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
Proposal 5	The RMSI configuration in NR-PBCH contains 3 bit used to configure the physical resources used for the NR-PDCCH scheduling the transmission of NR-SIB1.
Proposal 6	NR-PBCH does not need to contain multiple spare bits in all cases.
Proposal 7	NR-PBCH contains at least one extension bit that may or may not be defined in a future release.
Proposal 8	The number of system information bits delivered in NR-PBCH is 21 and the total code block size is 40 bits including 19-bit CRC.
Proposal 9	Confirm the working assumptions on the NR-PBCH DMRS sequence in RAN1#90.
Proposal 10	The half-frame can be indicated by the 2nd scrambling applied to the encoded NR-PBCH bits or 1 explicit bit in the NR-PBCH payload.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref489866894][bookmark: _Ref480875777]R1-1714036, “Remaining NR-PBCH design with DMRS and scrambling”, Ericsson, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, 21st – 25th August 2017
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