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Introduction
3GPP RAN1 #88bis meeting made the following agreements about the NR-SS design:
Agreements:
· Working assumption: Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time
· Number of SSS signals: 1000 post-scrambling
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling


The working plan for NR-SS was also agreed in the last meeting with the following conclusions:
Conclusions:
· For NR-SS,
· Following remaining issues need to be finalized in the next meeting
· Confirmation of WA of NR-PSS
· NR-SSS M-sequence parameters and scrambling details
· Mapping from Cell IDs to sequences
· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations

[bookmark: _Ref178064866]In this contribution, we continue discussing the NR-SS design, mainly focus on the confirmation on the agreed sequences for NR-PSS, long M-sequence-based NR-SSS sequence design and mapping from Cell IDs to sequences. 

Discussion
[bookmark: _Ref480809857]NR-PSS design
According to the agreed working assumption, the pure BPSK modulated M sequence in the frequency domain was selected as the NR-PSS sequence. As the main function to provide initial time and frequency synchronization from NR-PSS detection, the auto-correlation property of the sequence with time and frequency error is firstly checked and shown in Figure 1 (a), compared with the interleaved two ZC sequences[1] in the frequency domain (b) and pure ZC sequence (c).
[image: ][image: ] [image: ]
	(a) M sequence			    (b) Interleaved ZC sequence			(c) ZC sequence
[bookmark: _Ref480796409]Figure 1 Auto-correlation property with time and frequency error (i.e., ambiguity)
In the evaluation, the subcarrier spacing is selected as 30kHz, and the maximum frequency error is assumed to be double the subcarrier spacing as shown in the figure. The results show that M-sequence has as the small (almost no) time and frequency ambiguity problem as the interleaved ZC sequence, and much better than the ZC sequence. Then, we have the following observation for the auto-correlation property:  
[bookmark: _Toc480622867][bookmark: _Toc480624104][bookmark: _Toc480819306][bookmark: _Toc480829430][bookmark: _Toc480829500][bookmark: _Toc481753119][bookmark: _Toc481753982][bookmark: _Toc481754037][bookmark: _Toc481754229][bookmark: _Toc481782753][bookmark: _Toc481873746][bookmark: _Toc481877644][bookmark: _Toc481879428][bookmark: _Toc481879481][bookmark: _Toc481881361]M-sequences have as good auto-correlation properties as interleaved ZC sequences with large time and frequency error to fix the ambiguity problem.
It was also agreed that there are three NR-PSS sequences with three cyclic shifts of an BPSK modulated M sequence. Then, it is also necessary to consider the cross-correlation property between the three selected sequences. For the pure M-sequence, the cross-correlation value with different shift would be , where  is the length of the sequence, i.e., 127 in the agreement, which means the fixed value of 0.0079. For the interleaved ZC sequence, three root indices are selected as  with much better cross-correlation values. Thus, the cross-correlation between the selected sequences for both schemes is shown in Figure 2.
[image: ]
[bookmark: _Ref480797587]Figure 2 Cross-correlation of the three NR-PSS sequences, generated by M-sequence with different cyclic shifts and interleaved ZC sequences with root indices of   
The evaluation results show that the well selected root indices for the interleaved ZC sequence can have as the similar and low cross property as the M sequences. Thus, we have the following observation:
[bookmark: _Toc480622866][bookmark: _Toc480624103][bookmark: _Toc480819307][bookmark: _Toc480829431][bookmark: _Toc480829501][bookmark: _Toc481753120][bookmark: _Toc481753983][bookmark: _Toc481754038][bookmark: _Toc481754230][bookmark: _Toc481782754][bookmark: _Toc481873747][bookmark: _Toc481877645][bookmark: _Toc481879429][bookmark: _Toc481879482][bookmark: _Toc481881362]With well-selected root indices, the interleaved ZC sequence can have the similar low cross-correlation values as the M sequence.  
[bookmark: _Ref480811488]NR-SSS design
In RAN1#88bis meeting, it was agreed to use long m-sequence as the NR-SSS sequence, instead of the interleaved short m-sequence used in LTE. Since three NR-PSS sequences have been agreed, the expected number of NR-SSS sequence would not be less than 334 to generate thousands of cell IDs with scrambling from NR-PSS. Thus, there are two alternatives to generate such number:
- Alternative 1: To use different shifts over multiple m-sequences[2]
In this alternative,  m-sequences with length of  can be defined, and there are totally  cyclic shifts can be generated for each of sequence, which results in total  sequences. According to the agreement, , which means that  can be defined to generate maximum 381 sequences.
- Alternative 2: To use different shifts and truncation over one single m-sequence
In this alternative, one m-sequence with length of  is defined, and  is assumed. Then, totally  sequences can be generated with cyclic shifts, and each of sequence can be truncated to satisfy the expected sequence, i.e., 127. To randomize the cross-correlation values as much as possible, it is expected to have a basic m sequence with long enough length. 
The m sequence with length of 1023 is selected with the polynomial of g(x) = x10 + x6 + x5 + x3 + x2 + x1 + 1, which the initial poly shift register values to be zeros except for the highest location to be 1. For each cyclic shift values, the sequence is truncated to be 127 to keep the first 127 elements as the final sequence. The cross-correlation property is shown in Figure 3, compared with the multiple m-sequences.
[image: ] [image: ]
[bookmark: _Ref480805217]Figure 3 Cross-correlation of NR-SSS sequences generated with multiple m-sequences and truncated long m-sequences
The evaluation shows that the cross-correlation of the multiple m-sequences shows un-randomized values, because the correlation among the same m-sequence would have small values and the among different m-sequences would have larger values. However, for the truncated m-sequence, the correlation values show much randomization. Thus, we have the following observation:  
[bookmark: _Toc480622868][bookmark: _Toc480624105][bookmark: _Toc480819308][bookmark: _Toc480829432][bookmark: _Toc480829502][bookmark: _Toc481753121][bookmark: _Toc481753984][bookmark: _Toc481754039][bookmark: _Toc481754231][bookmark: _Toc481782755][bookmark: _Toc481873748][bookmark: _Toc481877646][bookmark: _Toc481879430][bookmark: _Toc481879483][bookmark: _Toc481881363]Truncated long m-sequence with different cyclic shifts has similar cross-correlation properties as multiple m-sequences with different cyclic shifts
Since the correlation between the generated sequences have small and randomized property, we suggest considering the truncated long m-sequence with different cyclic shifts.
[bookmark: _Toc481879550][bookmark: _Toc477793147][bookmark: _Toc478053198][bookmark: _Toc478139846][bookmark: _Toc478507869][bookmark: _Toc478507878][bookmark: _Toc478508138][bookmark: _Toc478508211][bookmark: _Toc478508417][bookmark: _Toc480622906][bookmark: _Toc480624101][bookmark: _Toc480819310][bookmark: _Toc480829408][bookmark: _Toc481753116][bookmark: _Toc481753147][bookmark: _Toc481754042][bookmark: _Toc481754227][bookmark: _Toc481754234][bookmark: _Toc481782751][bookmark: _Toc481873751][bookmark: _Toc481877650][bookmark: _Toc481879432][bookmark: _Toc481879485][bookmark: _Toc481881365]The NR-SSS sequences are truncated long m-sequences with different cyclic shifts 
The miss detection rate performance of the Cell ID with different combination of the above schemes of NR-PSS and NR-SSS sequences is simulated as shown in Figure 4. In this simulation, the total number of Cell ID is expected to be 1002, which is corresponding to 3 NR-PSS sequences and 334 NR-SSS sequences. In the figure, “ZCitlv” and “M” mean the two kinds of sequence generation for NR-PSS, i.e., interleaved two ZC and M sequence, respectively, and “trunc-m” and “multi-m” mean the two kinds of sequence generation for NR-SSS, i.e., truncated long M sequence with different cyclic shifts and multiple M sequences with different cyclic shifts, respectively. The performance with two maximum frequency offset values, 5ppm and 10ppm, are evaluated as shown in Figure 4 (a) and (b), respectively.
[image: ][image: ]
               (a) Maximum frequency offset: 5ppm			(b) Maximum frequency offset: 10ppm
[bookmark: _Ref480808664]Figure 4 Cell ID miss detection rate with different sequence generation for NR-PSS and NR-SSS
The simulation results show that all schemes perform closely the same with very small differences. This is and aligned with the expectations from the above observations. The results all show that the NR-PSS proposals are very robust with large frequency offset, i.e., no degradation when going from 5ppm to 10ppm. In addition, multiple M sequences and truncated M sequence for NR-SSS also are very close to each other in performance.
[bookmark: _Toc480819309][bookmark: _Toc480829433][bookmark: _Toc480829503][bookmark: _Toc481753122][bookmark: _Toc481753985][bookmark: _Toc481754040][bookmark: _Toc481754232][bookmark: _Toc481782756][bookmark: _Toc481873749][bookmark: _Toc481877647][bookmark: _Toc481879431][bookmark: _Toc481879484][bookmark: _Toc481881364]Combinations of “M sequence” or “interleaved ZC sequence” for NR-PSS and “multiple M sequences” or “truncated M sequence” for NR-SSS have almost identical Cell ID missed detection rate performance. 
Mapping from Cell ID to sequences
It is assumed that there are 1002 unique physical-layer cell identities, which are grouped into 334 unique physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. Similar with the definition in LTE, a physical-layer cell identity  is thus uniquely defined by a number  in the range of 0 to 333, representing the physical-layer cell-identity group, and a number  in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group.
Mapping to NR-PSS sequences
According to the discussion in Section 2.1, the BPSK modulated M sequence was agreed as the working assumption of NR-PSS sequence, and interleaved ZC is FSS. In this contribution, the mapping for both schemes are described as following. 
- Alternative 1: BPSK modulated M sequence
The sequence  used for the primary synchronization signal is generated from a frequency-domain M sequence according to

where  is the cyclic shifts as summarized and mapped from  in Table 1, and ,, is defined by
,	
with initial conditions , , , , , , .
- Alternative 2: Interleaved ZC sequences
The sequence  used for the primary synchronization signal is generated from a frequency-domain interleaved two Zadoff-Chu sequence according to
,
where  is the root index of the ZC sequence as summarized and mapped from  in Table 1. 
[bookmark: _Ref480811076]Table 1 Mapping of shift values and root indices for NR-PSS
	

	
Shift value of m-sequence
	
Root index of interleaved ZC

	0
	0
	29

	1
	43
	33

	2
	86
	37


Mapping to NR-SSS sequences
According to the discussion in Section 2.2, the long BPSK modulated M sequence was agreed as the working assumption of NR-SSS sequence, instead of the interleaved short M sequences. There are two alternatives to generate the sequence, multiple m sequences with cyclic shifts and truncated m sequence with cyclic shifts. The mapping from the cell ID group  for both alternatives are introduced in following.
- Alternative 1: Multiple m sequences with cyclic shifts
The sequence  used for the NR-SSS sequence is a length-127 BPSK modulated m sequence scrambled with a scrambling sequence given by the primary synchronization signal as
, 
where  is defined as a cyclic shift of the m-sequence  according to

where , , and  indicate three different m-sequences by

with initial conditions , , , , , , , and . The selection on the three sequences, , and the cyclic shift value, , are derived according to  as  and .
The scrambling sequences  depends on the primary synchronization signal according to 

where  is the physical-layer identity within the physical-layer cell identity group  and , , is defined by

with initial conditions , , , , , , .
- Alternative 2: Truncated m sequences with cyclic shifts 
The sequence  used for the NR-SSS sequence is a length-127 BPSK modulated sequence truncated from a basic scrambled m sequence with a scrambling sequence given by the primary synchronization signal as
, 
where  is defined as a cyclic shift of the m-sequence  according to

where , , is defined by 

with initial conditions , , and  , and . In this alternative,  can regarded as the cell group ID, i.e., .
The scrambling sequences  depends on the primary synchronization signal according to 

where  is the physical-layer identity within the physical-layer cell identity group  and , , is defined by

with initial conditions , , , , , , .
Conclusion
Based on the disucssion in Section 2 we have the following observations:
Observation 1	M-sequences have as good auto-correlation properties as interleaved ZC sequences with large time and frequency error to fix the ambiguity problem.
Observation 2	With well-selected root indices, the interleaved ZC sequence can have the similar low cross-correlation values as the M sequence.
Observation 3	Truncated long m-sequence with different cyclic shifts has similar cross-correlation properties as multiple m-sequences with different cyclic shifts
Observation 4	Combinations of “M sequence” or “interleaved ZC sequence” for NR-PSS and “multiple M sequences” or “truncated M sequence” for NR-SSS have almost identical Cell ID missed detection rate performance.
Based on the discussion in Section 0 we propose the following:
[bookmark: _GoBack]Proposal 1	The NR-SSS sequences are truncated long m-sequences with different cyclic shifts
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