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1. [bookmark: _Ref492763289]Introduction
This contribution presents our design on the 2nd PBCH scrambling code, DMRS sequence initialization, and remaining information in PBCH payload. 
2. Half-frame timing indication
NR supports different SS burst set periodicities in both synchronous and asynchronous deployments. The half frame timing indication is required only when the SS burst set periodicity is 5ms. In synchronous deployments, UE does not need to perform neighbour cell search to detect the half frame timing during handover since it can be inferred from the serving cell timing. Note that the majority of deployments in NR are expected to be synchronous deployments. Currently, DMRS carries 3 bits of SS block index, which already causes high UE processing complexity in detecting these bits. There are proposals to signal the half frame timing in PBCH DMRS via DMRS sequence initialization, vshift location or DMRS sequence RE mapping; making DMRS to carry 4 bits:
· From DMRS detection performance, increasing from 3 bits to 4 bits signalling in DMRS leads to ~1.5dB performance degradation. Figure 1 provides the CINR CDF to achieve 1% DMRS miss-detection in two-cell scenarios. The DMRS sequence was the one agreed in RAN1 NR AH#3 with initialization proposed in Section 4. 
· From DMRS detection complexity, increasing from 3 bits to 4 bits signalling in DMRS leads to double complexity. Note that when no information is carried in PBCH DMRS (e.g., DMRS for PBCH demodulation only), the channel estimation complexity occupies around 40% of the total PBCH processing.
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[bookmark: _Ref492763121]Figure 1: CINR CDF to achieve 1% DMRS miss-detection in two-cell scenarios

As a result, it is preferred to signal the half frame timing in the PBCH payload. Other alternatives to signal the half frame timing were also discussed during RAN1 NR AH#3:
· Alt. a: by polarizing PBCH symbols (both DMRS and PBCH data) every 5ms, e.g., apply [+1, +1, +1, +1] to SSB in the first half frame and [+1, -1, +1, -1] to SSB in the second half frame.

· Alt. b: by polarizing SSS every 5ms, e.g., apply [+1, +1, +1, +1] to SSB in the first half frame and [+1, +1, -1, +1] to SSB in the second half frame.
The above alternatives could provide the half frame timing by decoding the phase change between SSS-based and DMRS-based channel estimates. From the performance wise, these alternatives provide comparable DMRS detection performance. Different from Alt. a, Alt. b allows UE to detect the phase change using PSS and SSS, especially for above-6GHz. Although the half frame timing is detected by one of the alternatives, the SS burst set periodicity of the target cell is unknown to UE. The SS burst set periodicity and PRACH resource periodicity of the target cell need to be conveyed to UE e.g., via the handover command, so that UE can decide whether it should decode target cell PBCH for SFN or not:
· If the PRACH resource periodicity equals to or shorter than the SS burst set periodicity, UE does not need to decode PBCH for frame timing or SFN. A fixed gap is sufficient for UE to find out the PRACH resource.
· If the PRACH resource periodicity is longer than the SS burst set periodicity, UE needs to decode target cell PBCH for SFN. This case is the same as signalling the half frame timing in PBCH payload.
Furthermore, it should be noted that in the extremely high-speed scenarios where the phase changed from one symbol to the next, UE may not be able to examine the phase of PBCH DMRS with respect to phase of SSS to acquire the polarity of PBCH DMRS phase.

Proposal 1: For the half-frame timing indication, one of the following alternatives is supported
· Alt. 1: The half-frame timing is indicated by an explicit bit in the NR-PBCH payload.
· Alt. 2: The half-frame timing is indicated by an explicit bit in the NR-PBCH payload. In addition, select one of the following options to indicate the half-frame timing
· Alt. a: The half-frame timing is indicated by polarizing PBCH symbols (both DMRS and PBCH data) every 5ms. In particular, apply a cover code [+1, +1, +1, +1] to each SS block in the first half frame and a cover code [+1, -1, +1, -1] to each SS block in the second half frame.
· Alt. b: The half-frame timing is indicated by polarizing SSS every 5ms. In particular, apply a cover code [+1, +1, +1, +1] to each SS block in the first half frame and a cover code [+1, +1, -1, +1] to each SS block in the second half frame.
3. [bookmark: _Ref494356483]PBCH DMRS design  
At the last meeting, some structural properties and intercell cross-correlations endowed by linear (or, more generally, separable) vs. non-linear/non-separable initialization functions of cell ID  and 3 LSBs of SS block index  () were discussed. These proposals are summarized in Table 1. In this section, we explain the case for linear/separable initialization.
Let  denote the binary Gold sequence and  denote the QPSK-mapped DMRS sequence corresponding to cell ID  and block index . Then the normalized cross-correlation between two sequences, , is given by
 
                            
Let us now focus on miss-detection or false-detection in multicell scenario. There are 8 DMRS sequences per cell ID. False detection between neighbouring cells  and  is dominated by highest intercell cross-correlation given by,
.
CDF of max intercell cross-correlation, i.e., CDF of set , for various DMRS designs in Table 1 is plotted in Figure 2. It is clear that the design D1 puts the least burden on cell planning and suffers the least problem of high intercell cross correlation. 
Furthermore, it is of interest to know that, for any given cell ID, how many other cell IDs have a DMRS with high cross correlation, e.g., >0.15? That is, for any given cell ID , what is the size of the set ? CDF of percentage of cells with high intercell cross correlation, i.e., the quantity , is also shown in Figure 2, where, once again, design D1 puts the least burden on cell planning because, for any given cell, there are at most ~8% other cell IDs with high DMRS cross-correlation. Whereas for designs D2 and D3, there are ~25—40% other cell IDs with high DMRS cross correlation. Not shown is the CDF of intra-cell DMRS cross-correlation, which too is the most favourable for design D1.
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[bookmark: _Ref494738736]Figure 2: CDF of (TOP) max intercell cross correlation and (BOTTOM) percentage of cells with high intercell cross correlation
In addition to favourable cross correlation properties, design D1 also possesses structural properties endowed by the linear/separable initialization seed. DMRS is also used for beam measurement as gNB cycles through precoders/beams within a burst-set. Therefore, any non-uniformity in DMRS intercell cross-correlation across SS blocks will cause systematic corruption in beam measurements, proportional to the non-uniformity in cross-correlation. These measurements are the foundation of many beam management and recovery procedures. Therefore, a uniform DMRS intercell cross-correlation is desirable.   
Linear/separable initialization indeed offers this uniform structure. Specifically, consider a linear seed , for suitable constants  and  such that cell ID and SSB index modify mutually exclusive bits locations. Then the Gold sequence initialized with this seed can be seen as XOR of three Gold sequences:
· Gold sequence initialized with 
· Gold sequence initialized with 
· Gold sequence initialized with ZERO
In other words, we start with one sequence per cell, initialized with , as if there were no further information to be conveyed in cell-specific DMRS. Then, we create 7 other versions needed per cell in an identical manner for all cells, i.e., based on  alone. Therefore, in synchronous system, we have uniform/identical intercell cross-correlation across SS blocks, i.e.,

Lastly, we comment on possibly optimizing constant  in design D1. R1-1716891 considered cross-correlation per SSB and noted that a non-linear seed offered lower intercell cross correlation for some SSB index , say, . We note that, in design D1, cross-correlation for all SSBs can be made as low as that of the best SSB  under the nonlinear initialization, by simply using the value of nonlinear seed for  for the cell-specific part of the linear/separable design D1. I.e.,  reduces to , which can then be used in design D1 by adding  with suitable value of .       
[bookmark: _Ref489360586]Table 1: PBCH DMRS sequence initialization ( is 3 LSBs of SS block)
	Company
	Legend in figure
	Initialization

	QCOM
	D1
	, for 

	Intel, Vivo
	D2
	+

	Samsung
	D3
	



Proposal 2: The PBCH DMRS sequence initialization seed  is a linear function of cell ID and 3 LSBs of SS block . E.g., . 
4. PBCH scrambling codes  
RAN1 #90ah made the agreements on supporting the 2nd scrambling for 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




Two initialization alternatives for the 2nd PBCH scrambling sequence: one is based on cell ID only (Alt. 1) and the other is based on both cell ID and 3 LSBs of SS block (Alt. 2). Alt. 1 provides uniform scrambling across SS blocks while Alt. 2 provides non-uniform scrambling across SS blocks within a SS burst set. Note that 
· There is already interference randomization as gNB cycles thru precoders/beam due to transparent single port PBCH transmission.
· It is better if all SSB indices have same inter-cell scrambling cross correlations (e.g., uniformity of BLER performance), rather than some good and some bad SSB index pairs (in terms of scrambling cross-correlation.) Then for each SSB index, the scrambling is already randomized over 20ms through the 1st scrambling as already agreed.
As the result, the Alt.1 is preferred. 
Proposal 3: The encoded rate-matched PBCH bits are scrambled by the 2nd PBCH scrambling sequence initialized by cell ID only. Furthermore, the 2nd PBCH scrambling sequence is identical in all SS/PBCH blocks.
5. [bookmark: _Hlk481654588]Remaining information in PBCH payload  
The RMSI presence flag 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 #90ah, the following agreements were reached: 
	Agreements:
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier
· Note: This is a clarification of the previous agreement



Essentially there could be two kinds of SS blocks in wideband operation with intra-band contiguous CA for a cell: cell defining SS block(s) to define the cell, and measurement SS block(s) to support time/frequency synchronization and measurement. One transmission option is not to send measurement SS blocks on the sync rasters. Hence, there is no RMSI associated with the measurement SS block(s). However, to support deployment flexibility, it is desirable to allow network to send the measurement SS blocks on or off the sync raster locations. For the measurement SS blocks on the sync rasters, there are two options on RMSI transmission:
· Option 1: measurement SS block is not associated with RMSI when it is transmitted on the sync raster. Hence, the absence of RMSI should be informed to UE so that UE does not need to search for RMSI.  
· Option 2: measurement SS block is always associated with RMSI when it is transmitted on the sync raster. Now such measurement SS block becomes the cell defining SS block. 
From NW perspectives, Option 1 could reduce network overhead for RMSI beam sweeping and transmission. The RMSI presence indication to UE, it is beneficial to have RMSI presence flag in the PBCH payload which can be indicated by a default RMSI CORESET configuration in PBCH payload.
Proposal 4: RMSI presence flag is indicated by a default RMSI CORESET configuration in PBCH payload.
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 2 summarized NR-PBCH payload contents and the corresponding number of bits.
[bookmark: _Ref470461782]Table 2: PBCH payload
	Information element
	# of bits

	SFN
	10

	RMSI configuration (discussed in [1])
	[10]

	Remaining SSB block index
	3

	Half frame timing
	1

	RMSI presence flag
	1

	cellBarred flag [RAN2 WA]
	1

	1st PDSCH DMRS position indication [RAN1 WA]
	1

	PRB grid offset
	4

	Reserved
	6

	CRC
	[19]

	Total
	[56]



6. Conclusion 
This contribution presents our design on the 2nd PBCH scrambling code, PBCH DMRS sequence, and other information to be included in PBCH payload. In particular, the following agreements have been made:
Proposal 1: For the half-frame timing indication, one of the following alternatives is supported
· Alt. 1: The half-frame timing is indicated by an explicit bit in the NR-PBCH payload.
· Alt. 2: The half-frame timing is indicated by an explicit bit in the NR-PBCH payload. In addition, select one of the following options to indicate the half-frame timing
· Alt. a: The half-frame timing is indicated by polarizing PBCH symbols (both DMRS and PBCH data) every 5ms. In particular, apply a cover code [+1, +1, +1, +1] to each SS block in the first half frame and a cover code [+1, -1, +1, -1] to each SS block in the second half frame.
· Alt. b: The half-frame timing is indicated by polarizing SSS every 5ms. In particular, apply a cover code [+1, +1, +1, +1] to each SS block in the first half frame and a cover code [+1, +1, -1, +1] to each SS block in the second half frame.
Proposal 2: The PBCH DMRS sequence initialization seed  is a linear function of cell ID and 3 LSBs of SS block . E.g., .
Proposal 3: The encoded rate-matched PBCH bits are scrambled by the 2nd PBCH scrambling sequence initialized by cell ID only. Furthermore, the 2nd PBCH scrambling sequence is identical in all SS/PBCH blocks.
Proposal 4: RMSI presence flag is indicated by a default RMSI CORESET configuration in PBCH payload.
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