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Introduction
In RAN1 #90, the following agreements and working assumptions related to NR-PBCH contents, NR-PBCH DMRS, NR-PBCH scrambling, and timing index indication within SS block were made [1]: Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz
· SS block time index:
· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz
· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)
Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band
Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI
Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM
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
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






























Agreements:
· Sequence mapping rule for PBCH-DMRS is frequency-first time-second mapping, in particular lowest to highest frequency mapping
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













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, number of NR-PBCH symbols within an SS block, remaining details of DMRS sequence for NR-PBCH, remaining details of PBCH scrambling, and remaining details of timing index indication within a SS block.
Remaining Details of NR-PBCH Contents
In RAN1 #90, it was agreed that the payload size is supported for all carrier frequency ranges in NR. 3 MSBs of SS block index for >6 GHz are agreed to be carried in NR-PBCH payload, and SS burst set periodicity if not carried in NR-PBCH payload. Furthermore, from the agreement that NR-PBCH scrambling is performed before the CRC attachment and channel encoding, the 10 bits SFN should also be explicitly carried in NR-PBCH payload. 
Besides the agreements in the initial access section, RAN1 also made a working assumption that 1 bit in NR-PBCH payload is utilized to indicate the first DMRS position configuration for PDSCH [1]. Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X






Moreover, in RAN2 #99, a working assumption is made that 1 bit in NR-PBCH payload is utilized for quick identification of UE camping [2]. 
Working assumption: 
· 1 bit (final name FFS, but same UE behaviour as cellbarred in LTE) is included in NR MIB to indicate that a cell cannot be camped on. intraFreqReselection is 'not allowed' (not signalled). 
· BarredTimer is specified, value FFS.
· cellBarred and intraFreqReselection signalling in SIB1 (as in LTE)




At the same time, an LS from RAN4 proposed to check the feasibility of “floating sync” operation [3]. If the operation is supported in NR, 4 extra bits in NR-PBCH payload is needed to indicate the offset between the edge of the SS block RBs and edge of the data RBs in the channel (e.g. 0 to 11 REs). 
TABLE 1 shows the proposed contents of NR-PBCH information, including the ones already agreed or in working assumption mentioned above, as well as others discussed in this contribution. The overall payload size (including CRC) should be controlled in the range of 56 to 64 bits.
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	NR-PBCH Contents
	Number of bits

	SFN
	10

	Half radio frame timing index
	[0-1]

	MSB of SS block index
	3 for >6 GHz

	CORESET configuration for RMSI
	[up to 10]

	Quick identification of UE camping
	[1]

	First DMRS position configuration for PDSCH
	[1]

	TRS configuration
	[1-3]

	RE offset for floating sync
	[0-4]

	Reserved
	[10]

	CRC
	[19]

	Total
	56-64



Half radio frame timing index
· If no issue with PRACH configuration or measurement is found, the half frame timing index should be carried by NR-PBCH payload. See Section 6 of this contribution for a detailed discussion. 
CORESET configuration for RMSI
· Minimum SI consists of MIB which is fixed size and the RMSI which could be variable in size. The scheduling information of scheduled PDSCH may change due to the different SI payload sizes. As per previous RAN1 agreement, an NR UE monitors for downlink control information in CORESET. In the last meeting, it has been agreed that the single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload. Except for the numerology, the NR-PBCH also needs to indicate other configuration of the CORESET, such as the frequency resource information (bandwidth, subbands, etc.) and possibly time resource information (periodicity, time offset, number of the symbols, etc.) with details in our companion contribution [4].
TRS configuration
· The removal of always-on CRS and introduction of wider bandwidth operation motivate the tool for fine time/frequency tracking over wider bandwidth (even for lower frequency). The more detailed discussion on the time/freq. tracking requirement for NR is in a companion contribution [5].
· The tracking RS (TRS) is necessary especially when we try to achieve low latency of the synchronization before DL signal detection. The TRS configuration may include e.g., on/off, periodicity, timing offset, etc. For the PDCCH and/or the SIBs signals, the low SINR requirement is still challenging considering the worst case of the cell-edge users. As discussed in the last meeting, the RMSI as well as the other SIBs could be flexibly scheduled in PDSCH over wider BW [5] (e.g. FDM of RMSI and SS block is under discussion), which requires better T/F sync than that of MIB. Although PDCCH may be limited in min BW, PDCCH can only rely on one-shot detection, impossible to do soft-combining as 4-shot MIB within PBCH TTI. Therefore, PDCCH also requires fine T/F sync performance. Also if PDCCH/PDSCH for RMSI use same numerology as data, the large SCS, such as 60 kHz larger than SCS of 15 or 30 kHz for SS block in <6 GHz, will need tight timing accuracy for such short symbol duration/CP. Only using limited indication bits in NR-PBCH, it allows the flexibility of cell-specific TRS configuration. One example of TRS can be the level-1 CSI-RS as discussed in our companion contribution [5].
· Another application scenario for TRS is the high-speed scenario, where the wideband T/F sync is challenging. Instead of using repetition of SS blocks to achieve fine T/F sync performance, one can utilize TRS to achieve better performance. 
RE offset for floating sync
· In R4-1709175 [3], RAN4 proposed “floating sync” for RAN1 to check its feasibility. If the operation is supported in NR, 4 extra bits in NR-PBCH payload is needed to indicate the offset between the edge of the SS block RBs and edge of the data RBs in the channel (e.g. 0 to 11 REs). Since current NR-PBCH payload is already high, 4 extra bits may lead to potential performance degradation of NR-PBCH detection. Thus, RAN1 shall investigate the necessity of “floating sync” and try to further compress the number of bits in NR-PBCH payload. 
Reserved
· In LTE Rel-8, 10 bits are reserved for future extension. Later in Rel-13, 5 of the reserved bits are taken for eMTC SIB1 scheduling info. NR should keep similar number of reserved bits as in LTE for future extension. 
CRC
· In LTE Rel-8, 16 bits are used for CRC. Further evaluation on the number of CRC bits may be needed if the estimated payload size of MIB for NR is much larger than that of LTE. Considering the Polar code is adopted as the channel coding scheme for PBCH, additional 3-bit CRC is needed on top of 16-bit CRC in LTE to achieve similar miss-detection and false alarm probability. Note that no blind detection of NR-PBCH is needed when no soft-combining is considered, hence, the number of CRC bits can be remarkably reduced comparing to the ones for PDCCH. The final decision on the CRC bits of NR-PBCH is up to the coding session discussion. 
Proposal 1: NR shall consider TABLE 1 for potential contents of NR-PBCH and total payload size is 56-64 bits.
Number of NR-PBCH Symbols within SS Block
Since we propose that the upper bound for NR-PBCH payload size (including CRC) should be limited as 64 bits, and in our previous contributions [6] and [7], we already showed that two symbols of NR-PBCH are fully capable of reliably carrying up to 64 bits information bits, where each NR-PBCH symbol has 288 tones and 1/4 of them are mapped for DMRS. Thus, we don’t see the necessity of increasing the number of symbols of NR-PBCH for high-frequency ranges (e.g. above 6 GHz), and propose two symbols of NR-PBCH within an SS block for all carrier frequency ranges supported by NR.
Proposal 2: NR shall support two symbols of NR-PBCH within an SS block for all carrier frequency ranges.
Remaining Details of DMRS Design for NR-PBCH
In RAN1 #90, a working assumption was made that a single long sequence, based on LTE PN generator with QPSK modulation, is utilized for constructing the DMRS sequence for NR-PBCH, where the initial condition carries both cell ID and 3 LSBs of SS block index information. Sequence to RE mapping rule for DMRS is frequency-first and time-second mapping, and a cell-specific RE shift is applied for interference randomization purpose when soft combining. In this contribution, a further study on the initial condition of DMRS sequence is discussed. 
In principle, the initial condition of DMRS sequence for NR-PBCH should be a nonlinear function of cell ID and SS block index (and half frame boundary indicator if supported) carried by DMRS sequence, such that the inference from neighboring cell is not coherent combined when performing soft combining of DMRS within the SS burst set. In light of this design principle, we propose the following initial condition, and the comparison with other proposals within the same principle is shown in TABLE 2 (half radio frame indicator is not considered for the moment). Note that in TABLE 2, for two DMRS sequence and  with cell ID  and , correspondingly, the normalized cross-correlation is defined by 

where , and . It is clear that our proposal on the initial condition outperforms the other two in term of the max cross-correlation (e.g. at least 1.9 dB better). 
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	Company
	Initial condition
	Mean Cross-Correlation (dB)
	Max Cross-Correlation

	
	
	
	Value (dB)
	
	
	
	

	ZTE
	
	-13.1036
	-4.0249
	755
	6
	667
	0

	Intel, LG, Vivo
	
	-13.0967
	-3.7303
	620
	5
	568
	0

	Samsung
	
	-13.0866
	-5.9016
	12
	6
	864
	4


Proposal 3: The initial condition of DMRS sequence should be , where  is the 3 LSBs of SS block index carried by DMRS  (), and  is the cell ID (). 
Remaining Details of NR-PBCH Scrambling 
In RAN1 #90, it was agreed that the scrambling of NR-PBCH is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to the CRC attaching and encoding. Initialization of the scrambling is based on cell ID, a part of SFN, and potentially the half radio frame index. In this contribution, the remaining details of the scrambling sequence are discussed. 
Based on the agreement from the last meeting, the scrambling sequence may not indicate any timing hypotheses within the SS block. Hence, the scrambling is only targeting for randomization purpose in single-shot detection. Then, the LTE scrambling sequence can be reused for NR-PBCH, since its performance on randomness has already been justified. Moreover, the initial condition of the scrambling sequence can be based on cell ID, together with timing information like 3 LSBs of SFN and the half radio frame index, or part of such information. The number of bits for timing information depends on the tradeoff between detection complexity when combining in multi-shot detection, and the randomness generated by the scrambling sequence when soft-combing is performed across SS burst set periodicity (e.g. minimum periodicity is 5 ms) within the TTI (e.g. 80 ms). 
Proposal 4: NR shall use LTE scrambling sequence for NR-PBCH, where the initial condition should be decided based on the tradeoff between detection complexity and randomness from scrambling sequence in soft-combining.
Remaining Issues for Timing Indication
In RAN1 #90, it was agreed that the 3 LSBs of SS block index is carried by DMRS sequence, and 3 MSBs of SS block index for >6 GHz is carried by NR-PBCH payload. Moreover, by agreeing that NR-PBCH scrambling is performed before CRC attachment and encoding, the whole SFN (i.e., 10 bits) has to be carried by NR-PBCH payload, since the CRC cannot be utilized for the confirmation of hypotheses in blind detection such that carrying part of SFN by scrambling of NR-PBCH is not feasible. At this stage, the only remaining issue for timing indication is the half radio frame timing index. An illustration of the current status of timing index indication mechanism is shown in FIGURE 1. 
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In RAN1 #90, two alternatives for indicating the half radio frame timing index are proposed. In Alternative 1, the half radio frame timing index is carried by the DMRS sequence of NR-PBCH, where either initial condition of the sequence or the mapping pattern of the sequence is utilized for indication. The most benefit from Alternative 1 is to help determining the half radio frame timing without reading NR-PBCH payload for <6 GHz. However, the detection complexity is increased due to extra blind detection, and the performance of DMRS carrying one more bit needs to be testified. On the other hand, in Alternative 2, the half radio frame timing index is carried by NR-PBCH payload. Comparing to Alternative 1, Alternative 2 is a simpler design which prevents extra blind detections of timing hypotheses in DMRS detection. However, if there is indeed a potential issue with indicating the timing in NR-PBCH payload, Alternative 2 is not applicable. Hence, RAN1 shall figure out the potential issue with the half frame timing indication in NR-PBCH. If there is no issue with PRACH configuration or measurement, the half frame timing index should be carried by NR-PBCH payload.
Proposal 5: The half frame timing index is explicitly carried by NR-PBCH payload.
Conclusions
This contribution presented the discussion of remaining details of NR-PBCH design, DMRS design for NR-PBCH, and timing index indication mechanism. Based on the discussion above, we have the following proposals:
Proposal 1: NR shall consider TABLE 1 for potential contents of NR-PBCH and total payload size is 56-64 bits.
Proposal 2: NR shall support two symbols of NR-PBCH within an SS block for all carrier frequency ranges.
Proposal 3: The initial condition of DMRS sequence should be , where  is the 3 LSBs of SS block index carried by DMRS  (), and  is the cell ID (). 
Proposal 4: NR shall use LTE scrambling sequence for NR-PBCH, where the initial condition should be decided based on the tradeoff between detection complexity and randomness from scrambling sequence in soft-combining.
Proposal 5: The half frame timing index is explicitly carried by NR-PBCH payload.
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