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1. [bookmark: _Ref492763289]Introduction
This contribution presents our design view on PBCH scrambling code, DMRS sequence initialization, and remaining information in PBCH payload. 
2. PBCH scrambling codes  
[bookmark: _GoBack]RAN1 #90 made the agreements to scramble PBCH payload (prior to encoding with a linear code), such that the scrambling sequence depends on some selected timing bits in the payload that, furthermore, remain unscrambled. This is then equivalent to scrambling the codeword corresponding to original (unscrambled) data, with a scrambling sequence that is itself a codeword. The original, the scrambling – and thus the scrambled – codewords all lie in a code subspace determined by the selected bits.
	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
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Figure 1: Timing information bitfields
Formally, let denote the -bit long column vector of data bits (PBCH payload without CRC). Let  and let  be a subset of selected bit locations, containing  bits.  Set  contains the location of SFN LSB bits that will be used to determine data-dependent scrambling. Bits at locations in  themselves will not be masked/scrambled. To simplify notation, let us also introduce bit selection operator  that returns a vector of bits from locations in , i.e.,  returns vector  constructed from the selected bits. 
Per RAN1#90 guidance, it is FFS whether,
·  bits, i.e., , OR
·  bits, i.e., , OR
·  bits, i.e., .
Let  denote the (unscrambled/original) codeword for data bits , where  is the (tall) generator matrix including the outer CRC code’s systematic generator and inner Polar code’s generator. Per RAN1#90 agreement, the transmitted codeword,, is given by

where ‘+’ is in GF(2) (given by xor) and  is a masking/scrambling sequence that depends on  selected bits  and cell ID, and satisfies a key property:
·  for all .
In words, the selected bits themselves are not scrambled. In this contribution, we will discuss other key properties needed from the mask  to ensure intercell interference randomization. More specifically, consider two cells  and  and two transmission occasions  and  (e.g.,  and .) For interference randomization over the two transmissions, we must have
.
In words, the relative scrambling (xor) between the two cells at time  must be different from the relative scrambling between the two cells at time . Since Gold sequence is affine in seed, we note that the seed  must also satisfy the above condition. Therefore, the seed  cannot be a linear function of . Below we propose two non-linear initialization methods that satisfy the interference randomization objective for all possible cell ID pairs and timing pairs. 
· Alt.1: For the 1st scrambling initialization, longer Gold sequence initialized with , and timing bits used for determining a sequential non-overlapping portion of the Gold sequence. This is similar to LTE PBCH scrambling. 
· Alt. 2: For the 1st scrambling initialization, explicit non-linear initialization per transmission occasion is given by , where  (or suitably defined based on the agreement on which timing bits to use). 
In Alt-2, the linear part “” ensures that all seeds are unique, and the non-linear part “” is chosen such that the interference randomization condition above is satisfied by all cell IDs  and timing values .  We note that not all non-linear seeds will satisfy the interference randomization condition for all possible cell ID pairs and transmission timing pairs.
Since the total number of scrambling/masking bits needed over BCH TTI is very short (e.g., ~4x PBCH payload), it may be lower complexity to generate these all in LTE-style (ALT-1). 
Proposal 1: For the 1st scrambling sequence initialization, a long Gold sequence is initialized with , and timing bits used for determing a sequential non-overlapping portion of the sequence.
Similar to LTE, we further propose to have 4 version of scrambling per cell ID per BCH TTI. Even though, for single-shot, the UE doesn’t need to hypothesize on scrambling, UE nevertheless still needs to hypothesize for soft-combining. Therefore, we propose to keep same level of interference randomization and soft-combining hypotheses as LTE. Moreover, we note that, sampled at 20ms, the bits  remain unchanged, and therefore including them explicitly in payload does not incur any extra blind decodes for soft combining PBCH over 20ms multiples. Therefore, it is best to leave bits  explicitly in PBCH payload, and create 4 version of scrambling determined by bits  (i.e., every 20ms).
Proposal 2: Two timing bits, namely,  are used for determining the scrambling/masking sequence.
Last, we comment on the need for 2nd scrambling left FFS in previous agreement. Due to linearity of the code, the transmitted codeword  can be seens as,
,
.
That is, the original/unscrambled codeword has been scrambled by the sequence  that is itself a codeword. More specifically, since bits of the sequence  at the selected locations are ‘0’ – i.e.,  – we have that both the original codeword  and the scrambled codeword  lie in the same data-dependent subspace . 
Without a 2nd scrambling, the transmitted data from all cell would be a valid codeword. In order to avoid this codeword-on-codeword interference, and to remain consistent with other channels, the codeword  can be further scrambled by a -depended (and time invariant) pseudorandom sequence. Since this 2nd scrambling is time-invariant, it does not incur blind decodes. 
Proposal 3: For the 2nd PBCH scrambling, the encoded rate-matched PBCH bits are scrambled by a cell ID dependent time-invariant Gold sequence.
3. PBCH DMRS design  
RAN1 #90 made the following agreements:
	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



As we showed in [3], if the DMRS sequence is designed following RAN1 #90 WA and the DMRS sequence length is 144, the PN sequence generator should be initialized by  for the SS block  to optimize the cross correlation properties of the DMRS sequences.
Proposal 4: The PBCH DMRS sequence of length 144 is initialized by .
4. [bookmark: _Hlk481654588]Remaining information in PBCH payload  
As we discussed in [1], the half frame timing should be explicitly signalled in PBCH payload or in SSS. It should not be signalled in PBCH DMRS due to DMRS detection complexity and performance degradation. We also should understand that the asynchronous deployment with 5ms sync periodicity is very unlikely in NR.
On RMSI presence flag, it is very useful for the wideband operation. More specifically, to operate in a wideband, there could be two types UE operations, the first type of UE operates in the wideband mode, while the second type of UE operates in the intra-band contiguous CA mode. To facilitate the operation of second type of UE, it is desirable to have separate PSS/SSS/PBCH in each CC. Otherwise, UE needs to be able to transfer the timing or frequency information from one CC to another CC which is very complicated. In RAN1 #89, the following agreements were reached on multiple SS block transmissions in wideband CC: 
	Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration


From timing/frequency synchronization and RRM perspectives, RMSI reading is not required. Furthermore, from NW perspectives, not transmitting RMSI at every sync locations in wideband CC could reduce signalling transmission overhead. As the result, it is beneficial to have RMSI presence flag in the PBCH payload which can be indicated by one bit in PBCH payload or a default RMSI CORESET configuration.
Proposal 5: RMSI presence flag is indicated either by one bit in PBCH payload or by a default RMSI CORESET configuration.
Based on the following RAN1-90 WA, the 1st PDSCH DMRS position indication (e.g., 1st DMRS in 3rd symbol or 4th symbol) should be included in PBCH payload.

	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



Also, the cellBarred flag should be included per the following RAN2 #99 WA:

	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)




Table 1 summarized NR-PBCH payload contents and the corresponding number of bits.


[bookmark: _Ref470461782]Table 1: PBCH payload
	Information element
	# of bits

	SFN
	10

	RMSI CORESET configuration (discussed in [1])
	[8]

	Remaining SSB block index
	3

	Half frame timing (please see [1])
	1

	RMSI presence flag
	1

	cellBarred flag [RAN2 WA]
	1

	1st PDSCH DMRS position indication [RAN1 WA]
	1

	Reserved
	4

	CRC
	[19]

	Total
	[48]



Proposal 6: The PBCH payload includes information as listed in Table 1.
5. Conclusion 
This contribution presents our view on PBCH scrambling code design and other information to be included in PBCH payload. In particular, the following agreements have been made:
Proposal 1: For the 1st scrambling sequence initialization, a long Gold sequence is initialized with , and timing bits used for determing a sequential non-overlapping portion of the sequence.
Proposal 2: Two timing bits, namely,  are used for determining the scrambling/masking sequence.
Proposal 3: For the 2nd PBCH scrambling, the encoded rate-matched PBCH bits are scrambled by a cell ID dependent time-invariant Gold sequence.
Proposal 4: The PBCH DMRS sequence of length 144 is initialized by .
Proposal 5: RMSI presence flag is indicated either by one bit in PBCH payload or by a default RMSI CORESET configuration.
Proposal 6: The PBCH payload includes information as listed in Table 1.
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