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Introduction
In RAN1#89, the following agreements related to DMRS for NR-PBCH and SS block index indication were made [1]: 
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements




















This contribution discusses the sequence design details of DMRS for NR-PBCH. In particular, the focus of this contribution is on the functionalities, construction method, and evaluation results of different design options for DMRS sequences.
DMRS Sequence Design
In the accompanied contribution [2], we propose using DMRS for NR-PBCH to indicate the SS block index, where up to 64 timing hypotheses for carrier frequency range from 6 GHz to 52.6 GHz are carried by DMRS sequence. In this way, UE does not need to decode MIB in NR-PBCH to detect the SS block index, and saves measurement latency. In this contribution, further details of DMRS sequence design are discussed, with the preliminary assumption that DMRS sequence is utilized to carry SS block index. 
One of the design aspects for DMRS sequence is the basic sequence type that shall be utilized to construct DMRS sequences. In LTE, DMRS sequence is constructed based on QPSK modulated Gold-sequence, where cell ID information is carried by the initial condition of one of the M-sequence generators. In NR, DMRS sequence is still cell-specific, but also carries SS block index. As discussed in [2], the main purpose of indicating SS block index by DMRS is to reduce the measurement latency (no need for NR-PBCH decoding to detect SS block index) and save up to 6 bits in MIB payload. Hence, low detection complexity is required for DMRS sequence to fully facilitate the design targets. In light of this concern, sequence types that cannot enable fast detection in frequency domain, e.g. ZC-sequence, should not be utilized to construct DMRS sequence, and we propose still using Gold-sequence to construct DMRS sequence, and the particular modulation scheme is selected based on evaluation results. 
The other design aspect for DMRS sequence is how to indicate the SS block index, which is a new functionality in NR. In general, initial condition and cyclic shift of M-sequence can both be utilized to indicate the SS block index, and the selection is based on evaluation results. 
Evaluation Results
The following design options for DMRS-sequence are evaluated in terms of the intra-cell normalized cross-correlation (assuming same cell ID) and inter-cell normalized cross-correlation (assuming same SS block index): 
· Option 1a: BPSK modulated Gold-sequence, where SS block index is represented by different cyclic shifts of one M-sequence, and the other M-sequence carries cell ID. 
· Option 1b: BPSK modulated Gold-sequence, where SS block index is represented by different initial conditions of one M-sequence, and the other M-sequence carries cell ID. 
· Option 2a: QPSK modulated Gold-sequence, where SS block index is represented by different cyclic shifts of one M-sequence, and the other M-sequence carries cell ID. 
· Option 2b: QPSK modulated Gold-sequence, where SS block index is represented by different initial conditions of one M-sequence, and the other M-sequence carries cell ID. 
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	# SS block indices
	# REs for DMRS
	Option 1a
	Option 1b
	Option 2a
	Option 2b

	
	
	Max
	Mean
	Max
	Mean
	Max
	Mean
	Max
	Mean

	64
	96
	0.0156
	0.0025
	0.0156
	0.0029
	0.0679
	0.0066
	0.0601
	0.0073

	8
	96
	0.0156
	0.0020
	0.0156
	0.0025
	0.0245
	0.0047
	0.0230
	0.0052

	4
	96
	0.0039
	0.0008
	0.0069
	0.0020
	0.0080
	0.0038
	0.0089
	0.0046



TABLE 2 Evaluation on the inter-cell normalized cross-correlation of DMRS sequence options.
	# SS block indices
	# REs for DMRS
	Option 1a
	Option 1b
	Option 2a
	Option 2b

	
	
	Max
	Mean
	Max
	Mean
	Max
	Mean
	Max
	Mean

	64
	96
	0.0156
	0.0026
	0.0156
	0.0026
	0.1044
	0.0065
	0.1270
	0.0065

	8
	96
	0.0156
	0.0026
	0.0156
	0.0026
	0.0868
	0.0065
	0.1235
	0.0065

	4
	96
	0.0156
	0.0026
	0.0156
	0.0026
	0.0868
	0.0065
	0.0855
	0.0065



From TABLE 1, it can be observed that 
Observation 1: BPSK modulation based sequence design options have better cross-correlation than QPSK modulation based sequence design options.
Observation 2: Design options of using cyclic shifts of M-sequence to indicate SS block index have better cross-correlation than design options of using initial condition to indicate SS block index. 
Based on the above observations, we propose using Option 1a to construct DMRS sequences for NR-PBCH, and the details are as follows: 
Proposal: 
· DMRS sequence for NR-PBCH is constructed by frequency-domain BPSK modulated Gold-sequence (XOR of two M-sequences). 
· For the first M-sequence,
· initial condition is fixed.
· cyclic shift is determined by the SS block index. 
· For the second M-sequence,
· initial condition is determined by the cell ID.
· no cyclic shift is applied.
· The generated Gold-sequence is truncated and mapped to the REs for DMRS.
DMRS RE design is detailed in our accompanied contribution [3], and detection error performance of SS block index using DMRS sequence, together with the decoding error performance of NR-PBCH are shown in our accompanied contributions [2] and [3].  
Conclusions
This contribution presented the sequence design of DMRS for NR-PBCH, where SS block index is indicated by DMRS-sequence. Based on the discussion above, we have the following observations and proposal:
Observation 1: BPSK modulation based sequence design options have better cross-correlation than QPSK modulation based sequence design options.
Observation 2: Design options of using cyclic shifts of M-sequence to indicate SS block index have better cross-correlation than design options of using initial condition to indicate SS block index. 
Proposal: 
· DMRS sequence for NR-PBCH is constructed by frequency-domain BPSK modulated Gold-sequence (XOR of two M-sequences). 
· For the first M-sequence,
· initial condition is fixed.
· cyclic shift is determined by the SS block index. 
· For the second M-sequence,
· initial condition is determined by the cell ID.
· no cyclic shift is applied.
· The generated Gold-sequence is truncated and mapped to the REs for DMRS.
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