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In the RAN1 AH meeting [1], the working assumption and agreements on DMRS sequence design and RE mapping for NR-PBCH were achieved as follows:
Working assumption:
· Sequence type: Gold sequence
· If cross correlation issues are found, other sequences can be considered
· Sequence initialization from cell ID, and 2 or 3 bits from time identification 
· Different sequences in the N NR-PBCH symbols
· FFS: Using longer sequence, different mapping, different initialization etc.
Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
· DMRS have the same RE position in all NR-PBCH symbols
It was concluded that the following information on NR-PBCH DMRS sequence should be provided in order to finalize the design: 
· Sequence generation related parameters
· Gold Code LFSR size
· Gold Code Polynomials
· initial state configuration
· output shift offset (e.g. Nc in LTE)
· Sequence Modulation
· Sequence mapping to NR PBCH DMRS RE positions
· Exact NR PBCH DMRS RE positions within the NR PBCH resource
· Some examples of the information are shown in R1-1711943
In this contribution and as listed above, the remaining NR-PBCH DMRS sequence/mapping design is described. In addition, the usage of remaining 3 bits for SS block time index carried in the PBCH payload is explained.

NR-PBCH DMRS Sequence/Mapping Design
From the agreements in [1], we can see the PBCH DMRS sequence length equals to 144 which are put in two PBCH symbols.  It is assumed that the Gold sequence in LTE is considered as the candidate Gold sequence for NR-PBCH DMRS.
DMRS Sequence Modulation
[bookmark: _GoBack]We suggest BPSK rather than QPSK for the reason of better cross-correlation performance as shown in Table-1. Cross correlation values are obtained for LFSR =31, , and 3 bits of SS block index in the initial condition of Gold sequences and over all possible 1008 * 8 = 8064 different candidates Gold sequences. Table-1 shows the advantage of BPSK over QPSK modulation in terms of cross correlation. Similar observations can be made with other values of LFSR,  , and the number of SS block index bits.
Table-1 Cross-correlation performance comparison between BPSK and QPSK
	
	BPSK
	QPSK

	Mean Cross-Correlation
	0.0167
	0.0230

	Max Cross-Correlation
	0.0764
	0.0972



Proposal 1: NR-PBCH DMRS should support BPSK as sequence modulation scheme.

Gold Code LFSR Size
As shown in Figure 1, we provide the evaluation comparison between the DMRS sequences generated by 31-bits LFSR and 7-bits LFSR. The 7-bits LFSR follows the same design as in [6] where the SS block time index information is embedded by cyclic shift of DMRS sequence. The simulation assumption follows the same line as Table-2 in appendix. The successful detection probability is defined as the 3 bits SS block time index information is detected correctly with the best beam pair. 

[image: ]
					Figure 1:  Detection probability of SS block time index
The evaluation result shows that 31-bits LFSR achieves better performance than the 7-bits LFSR in terms of successful detection probability of SS block time index.
Proposal 2: NR should consider using 31-bits LFSR to generate the gold-sequence based DMRS. 

How to carry b bits information by DMRS sequence
To carry the b bits (2 or 3 bits) information by the DMRS sequences, one straightforward method is to use a longer sequence with length-144 to generate the candidate sequence and then map the length-144 sequences into two PBCH symbols. In case of 3 bits information used for SS block time index, totally 8064 different candidates Gold sequences will be generated for PBCH DMRS with possibly 1008 cell IDs.  The following two options based on 31-bits LFSR are provided. 
Option 1: SS block time index information carried by initialization value
The DMRS sequence  is defined by,
 for  
where the output sequence  of length-144 is defined by
· where 
· 
· 
where and the first m-sequence shall be initialized with 
· .
The initialization of the second m-sequence is denoted by 
· , with , where  is the b bits information of SS block time index. 
Thus the initialization value is associated with both Cell ID and 2 or 3 bits of SS block time index.
Option 2: SS block time index information carried by output shift offset
Similarly, the DMRS sequence  is defined by,
 for  
where the output sequence  of length-144 is defined by
· , where .
· 
· 
where  and the first m-sequence shall be initialized with 
· 
The initialization of the second m-sequence is denoted by 
· , with .
Therefore, the initialization value is only associated with Cell ID, but the output shift offset of Gold sequence depends on SS block time index.
Proposal 3: The indicating method of carrying 2 or 3 bits of SS block time index can be indicated either through DMRS initialization value or the sequence output shift offset.

DMRS sequence mapping
To avoid the inter-cell interference, the locations for the DMRS REs should be shifted dependent on cell ID as shown in Figure 2 as an example.
[image: ]
Figure 2:  NR-PBCH DMRS RE mapping method
Proposal 4: NR should support RE mapping shift across neighboring cells to avoid inter-cell interference.

Time Index Indication
Based on the DMRS sequence design and evaluation in Section 2, 3 bits of SS block index can be carried by changing the DMRS sequence within each 5ms period. Thus for the frequency ranges below 6GHz, UE can acquire the SS block index within an SS burst set from DMRS detection and it is not necessary to read the NR-PBCH payload.  However for the frequency ranges above 6GHz with maximum number of SS blocks up to 64, in addition to the 3 bits carried by DMRS, remaining 3 bits of SS block indices are agreed to be carried in the NR-PBCH payload, corresponding to Alt2 from the Jan NR Adhoc meeting [3]:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
With Alt2, the following is proposed:
· The SS blocks within an SS burst are indicated by DMRS in ascending order.  
· The SS bursts within an SS burst set are indicated by NR-PBCH payload in ascending order. 
Thus the PBCH content of different SS blocks within an SS burst is the same. For the frequency range with maximum 4 or 8 SS blocks within an SS burst set, it is equivalent that the number of SS bursts within an SS burst set is only one.
Proposal 5: NR should define an SS burst composed of a subset of consecutive slots containing SS blocks.
· 3 bits carried by NR-PBCH DMRS is used to indicate the SS block index within the SS burst;
· 3 bits carried by NR-PBCH payload is used to indicate the SS burst index within the SS burst set;
· For the frequency range with maximum 4 or 8 SS blocks within an SS burst set, these 3 bits of SS burst indices could be set to 000 as null indication.

Conclusion
In this contribution, we discussed PBCH DMRS sequence/mapping design and time index indication methods. We have the proposals as follows.
Proposal 1: NR-PBCH DMRS should support BPSK as sequence modulation scheme.
Proposal 2: NR should consider using 31-bits LFSR to generate the gold-sequence based DMRS. 
Proposal 3: The indicating method of carrying 2 or 3 bits of SS block time index can be indicated either through DMRS initialization value or the sequence output shift offset.
Proposal 4: NR should support RE mapping shift across neighboring cells to avoid inter-cell interference.
Proposal 5: NR should define an SS burst composed of a subset of consecutive slots containing SS blocks.
· 3 bits carried by NR-PBCH DMRS is used to indicate the SS block index within the SS burst;
· 3 bits carried by NR-PBCH payload is used to indicate the SS burst index within the SS burst set;
· For the frequency range with maximum 4 or 8 SS blocks within an SS burst set, these 3 bits of SS burst indices could be set to 000 as null indication.
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Appendix:
[bookmark: _Ref463014302]Table-2 Link-level evaluation assumptions
	
	Below 6GHz

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C for 4 GHz
· with delay scaling values of 300ns
· ZSA = 5 degree, ZSD = 1 degree 
· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	15 kHz

	SNR range
	> -6dB

	UE speed
	3 km/h 

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(1,1,2) 

	Antenna Configuration at the UE
	(1,1,2) 

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5, 10, 20  ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory
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