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1. Introduction
In RAN1 NR-AH#3 meeting, both NR-PBCH/DM-RS design and time index indication method related agreement was made as follows [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
Agreements:
· UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
Agreements:
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled
· Partition the generated sequence into 4 non-overlapping portions
· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence


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:
· Gold sequence generation for PBCH 1st and 2nd scrambling is identical to LTE PN sequence generation.
· Note that RAN1 may revisit the PN generator for PBCH scrambling if NR supports different PN generator for other usages.
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


In this contribution, we would discuss about some remaining issues focusing on the half radio frame timing indication and the 2nd scrambling sequence method for PBCH.

1. Discussion
Half radio frame timing indication
For the half radio frame timing, it is clearly required that the half radio frame timing should be informed of a UE without PBCH reading as in LTE. If a UE is required to decode multiple PBCHs from neighboring cells for RRM measurement, it will greatly impact to UE measurement complexity and delay. It was identified that PBCH reading for the half radio frame timing has worse performance than other alternatives (e.g. DMRS sequence). Moreover, handover performance/latency and UE power consumption will be finally impacted, that is not aligned with RAN2 agreement and assumption [2]. So, at least for handover purpose, it is considered that a UE needs to know the half frame timing information of a target cell without PBCH reading, particularly for the case where 5ms SS burst set periodicity is configured. 
[bookmark: _GoBack]For detailed solution, it is preferable to use the DMRS sequence initialization with 1 bit half radio frame timing on top of 3bits SS block index as a simple way because it has been already confirmed that performance of DMRS sequence detection with 3bits SS block index is well justified. Therefore, 16 different PBCH DMRS sequences (3 SS block index +1 half radio frame timing bits) can be generated by PN sequence initialization with those seed values.
Proposal 1: For half radio frame timing indication, different PBCH DMRS sequences should be used. 

From the agreement of last RAN1 meeting, NR-PBCH DMRS must be scrambled by Cell ID (1008 state) and SS/PBCH block time index (8 state). In addition, as we discussed above, if the half radio frame timing is additionally signalled by NR-PBCH DMRS sequences, PBCH DMRS sequence initialization should be also based on the half radio frame timing information (1 bit) on top of Cell ID and SS/PBCH block time index as following equation.
	



 
, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and  is the index {0, 1} for half frame indication.


Proposal 2: NR-PBCH DMRS sequence should be initialized by Cell ID, SS/PBCH block time index and half radio frame timing as following:
· 



 
, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and  is the index {0, 1} for half frame indication.

NR-PBCH Scrambling
In RAN1#90, RAN1 agreed to introduce 1st scrambling before PBCH encoding process and CRC attachment for the indication of part of SFN and interference randomization effect in time varying manner. In addition, 2nd scrambling for PBCH is also supported to provide additional interference randomization within default SS burst set periodicity (20ms) and make NR-PBCH processing being consistent with other NR physical channels. 
For the details on 2nd scrambling, there are two proposed alternatives that either cell ID only (Alt 1) or both cell ID and 3 LSB of SS/PBCH block index (Alt 2) is used for the scrambling sequence initialization. With same motivation of 1st scrambling, if the additional timing varying effect can be provided without any cost (e.g. blind detection), it should be considered for better PBCH detection performance with interference randomization when combining.
It is noted that before PBCH decoding process, a UE can detect information of 3 LSB SS/PBCH block index from PBCH DMRS sequences, thus the 3 LSB SS/PBCH block index information can be used for input of 2nd scrambling, in addition to Cell ID. Such 3 LSB SS/PBCH block index information from PBCH DMRS sequence would provide additional time varying scrambling effect and better combining gain within 20 ms time window (i.e. default SS burst set periodicity).

Figure 1. Proposed 2nd PBCH scrambling for below 6GHz (after encoding process)
In Figure 1, it shows one example for the proposed 2nd PBCH scrambling. Similar with LTE, one long scrambling sequence can be generated per every 80ms (e.g. in Figure 1) or 5ms. At least as long as truncated 2nd scrambling sequences from one long scrambling sequence are applied to each of PBCH coded bits in every SS block, we can achieve time varying scrambling effect without mandating additional UE decoding processing, because as explained the time varying information would be derived from the detected SS/PBCH block index from PBCH DMRS sequence before PBCH decoding at UE side regardless of frequency band. Therefore, the proposed additional 2nd scrambling based on both Cell ID and 3 LSB SS/PBCH block index can provide better interference randomization and PBCH combining within a SS burst set. Furthermore, UE can additionally confirm about 5ms and 20ms timing boundary through 2nd scrambling sequence when one long sequence is based on 80ms (as in Figure 1) at UE on top of 1st scrambling. If not necessary, one long scrambling sequence for 2nd scrambling may be generated and applied based on 5ms which can still provide time varying scrambling effect and better PBCH combining within 5ms.

Figure 2. Proposed 2nd PBCH scrambling for above 6GHz (after encoding process)
Particularly for above 6GHz frequency range which has L=64 maximum SS block index in a SS burst set, the information of 3 bits SS block index for 2nd scrambling can be still utilized for 2nd scrambling as seen Figure 2. For the consistence with below 6GHz, same 2nd scrambling is preferred but is repeatedly applied every 8 SS block index (i.e. 3bits SS block index) containing PBCH across all 64 SS blocks.
Proposal 3: It is proposed that 2nd scrambling sequence initialization of PBCH should be performed based on both Cell ID and 3 bits SS block index derived from PBCH DMRS.

2. Conclusion
In this contribution, we discussed on remaining details of time index indication mechanism, and NR-PBCH/DM-RS design. As a conclusion, we summarize proposals as following:
Proposal 1: For half radio frame timing indication, different PBCH DMRS sequences should be used. 
Proposal 2: NR-PBCH DMRS sequence should be initialized by Cell ID, SS/PBCH block time index and half radio frame timing as following:
· 



 
, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and  is the index {0, 1} for half frame indication.
Proposal 3: It is proposed that 2nd scrambling sequence initialization of PBCH should be performed based on both Cell ID and 3 bits SS block index derived from PBCH DMRS.
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