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[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1#88b meeting, the following was agreed:
	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
· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations
· Mapping of SS blocks to bursts
· Mapping of SS bursts to burst sets
· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting
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
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
· Prepare draft LS to RAN2/4 within Thursday – Asbjorn (Ericsson)/Juan (Qualcomm)



In this contribution we discuss Cell IDs indication, the NR-SS sequence design, the correlation of NR-SS sequences and evaluation results of different NR-SS sequences.

Cell IDs indication
We propose that there are 1008 unique physical-layer cell identities in NR. The physical layer cell identities are grouped into 336 unique physical-layer cell-identity groups, each group containing 3 unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity  is thus uniquely defined by a number  in the range of 0 to 335, 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.
Proposal 1: The physical cell ID is jointly signaled via both NR-PSS and NR-SSS.
NR-SS design
From the agreements in RAN1 #88bis, we can observe that both NR-PSS and NR-SSS might use M-sequences of length 127. The details for the NR-PSS sequences have been agreed. But, for the NR-SSS sequences the details has not been agreed. Therefore, in this section we analyze the correlation between M-sequences, the PAPR & CM of M-sequences, and present our NR-SSS design.
By using the Matlab command “primpoly(7,'all')” we can get all the primitive polynomials which can be used to generate M-sequences of length 127. We define the18 primitive polynomials generated by “primpoly(7,'all')” as . 
1.1 Cross-correlation
The primitive polynomial  has been used as the NR-PSS generator polynomial. Therefore, NR-SSS generator polynomials can be selected from the set of remaining 17 polynomials. As we know, the auto-correlation coefficients between M-sequences are always 1, and the cross-correlation coefficients between M-sequences generated by the same primitive polynomial are always 1/N, where N is the sequence length. By considering cross-correlation between NR-PSS sequences and NR-SSS sequences, we can select one or more generator polynomials. The polynomials that provides cross-correlation coefficients, between NR-PSS sequences and NR-SSS sequences, that are below a certain threshold can be considered as the NR-SSS generator polynomials.
In figure 1 we show the average and the maximum cross-correlation coefficients between the M-sequences generated by  and the M-sequences generated by the 18 generator polynomials. We can observed that they have similar averages except the cross-correlation coefficients between all the M sequences generated by . If the threshold is set to 0.15, then we can observe from figure 1 that the set
 X = {} will contain the polynomials that have a cross-correlation coefficient below the threshold.
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Figure 1 cross-correlation coefficients between  and .
Observation 1: With the consideration that cross-correlation coefficients are smaller than 0.15, the generator polynomials used for NR-SSS can be selected from the polynomials set
 X = {}.
1.2 PAPR & CM
In section 3.1, we have limit the primitive polynomial used for generating NR-SSS sequences to polynomials given by the set X according to the cross-correlation between the M-sequences. In this section, we further study PAPR and CM for the M-sequences generated by each polynomial in the polynomial set X in order to select out the final polynomials used for generating NR-SSS sequences.
In figure 2, we provide 50th percentile and 90th percentile of PAPR and CM for all the M-sequences generated by each polynomial in polynomial set X (detail values refer to table 1). We can observe that 50th percentile of CM for all polynomials in polynomial set X are similar, the same conclusion is also valid for the 90th percentile of CM, 50th percentile and 90th percentile of PAPR except  with slightly higher 90th percentile PAPR value.
CM is more important than PAPR when considering the non-linear distortion, we can see that 50th percentile of CM for polynomials  is equal to or smaller than 3.41. Therefore, we can select generator polynomials from polynomials set {} as generator polynomials for the NR-SSS sequences.
Table 1 PAPR and CM value(dB)
	
	
	
	
	
	
	
	
	
	
	
	

	PAPR
	50th
	4.95
	5.08
	5.14
	4.95
	5.06
	5.08
	5.04
	5.07
	5.06
	4.82

	
	90th
	5.56
	5.71
	5.79
	5.56
	5.70
	5.71
	6.08
	5.82
	5.84
	5.82

	CM
	50th
	3.41
	3.47
	3.45
	3.41
	3.40
	3.47
	3.42
	3.47
	3.49
	3.43

	
	90th
	3.86
	3.82
	3.91
	3.86
	3.92
	3.82
	3.94
	3.84
	3.79
	3.81
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Figure 2 50th percentile and 90th percentile of PAPR and CM of all M-sequences generated by each polynomial in polynomials set X
Observation 2: With the consideration that only 50th percentile of CM is equal to or smaller than3. 41dB, the generator polynomials used for NR-SSS can be selected from polynomials set {}.
Proposal 2: The factors of correlation and PAPR and CM and should be considered in the selection of the generator polynomials for NR-SSS.

1.3 NR-SSS design
As the NR-SSS shall be able to indicate 336 physical-layer cell-identity groups, but the maximum number of M-sequences generated by one generator polynomial of order 7 is 127. We then need to some modifications or using more than one polynomial. There are two typical methods that can be used to achieve 336 NR-SSS sequences:
Option 1: one generator polynomial of order 7 and three scrambling sequences
Option 2: three generator polynomials of order 7

For option 1, we can use , and three scrambling sequences. The details are as follows:
The sequence  used for the secondary synchronization signal is a length-127 binary sequence.

for , r=0,1,2
The sequence  is defined as a cyclic shift of the m-sequence  according to

Where  is defined by

with initial conditions and .
The three scrambling sequences are used to generate more NR-SSS sequences. The scrambling sequences are defined as three cyclic shift of the m-sequence  according to



Where  is defined by

with initial conditions and .
We can noted that  is generated by , therefore  are defined as three other cyclic shifts except (0,43,86). In simulation  are defined as (20 30 50) respectively.

For option 2, we can use three generator polynomials , ,  to get 336 NR-SSS sequences. The details are as follows:
The sequence  used for the secondary synchronization signal is a length-127 binary sequence.

for , r=0,1,2
The sequence  is defined as a cyclic shift of the m-sequence  according to

Where  is defined by


with initial conditions and . 
In both option 1 and option 2, the mapping between () is provided by  and .
1.4 NR-SSS sequences characteristics analysis
For option 1 and option 2, we further analyze the PAPR and CM values for the NR-SSS sequences, the cross-correlation between NR-SSS sequences, and the cross-correlation between NR-SSS sequences and NR-PSS sequences.
From figure 3, we can observe that the PAPR & CM values (dB) for the NR-SSS sequences based on option 1 are much higher than that of the NR-SSS sequences for option 2. In other words, the scrambling increases PAPR & CM values of the M-sequences.
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Figure 3 CDF of PAPR & CM for the NR-SSS sequences based on option 1 and option 2
In table 2, we show the average and the maximum cross-correlation coefficients between NR-SSS sequences and between NR-SSS sequences and NR-PSS sequences for option 1 and option 2. We can observe that option 1 can provide slightly better cross-correlations than that of option 2. From the CDF of cross-correlation coefficients shown in figure 4 and figure 5, we can observe that option 1 and option 2 have similar correlation regardless of between NR-SSS sequences, or between NR-SSS sequences and NR-PSS sequences.
Table2: The average and the maximum cross-correlation coefficients
	
	Option 1
	Option 2

	
	between NR-SSS
	between NR-SSS and NR-PSS 
	between NR-SSS
	between NR-SSS and NR-PSS 

	average
	0.0461
	0.0660
	0.0497
	0.0667

	maximum
	0.1429
	0.1429
	0.3333
	0.1429


.
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Figure 4 CDF of cross-correlation coefficients between NR-SSS sequences for option 1 and option 2
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Figure 5 CDF of cross-correlation coefficients between NR-SSS sequences and NR-PSS sequences for option 1 and option 2
Observation 3: With the consideration of PAPR, CM and cross-correlations of NR-SSS sequences, option 2 is better than option 1.
Proposal 3: PAPR and CM and cross-correlations should be considered in NR-SSS design.
Detection performance for NR-SS
Joint PSS/SSS detection latency
For different SNR we can get different CDF for detection latency. In this section, let us take an example of SNR -6dB and give out respectively CDF for detection latency during initial access for 4 GHz for UE speed 3km/h both with and without interferers, and for 30 GHz for UE speed 3km/h without interferers.
No interferer
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Figure 6 CDF for detection latency during initial access for 4 GHz with UE speed 3km/h without interferers
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Figure 7 CDF for detection latency during initial access for 30 GHz with UE speed 3km/h without interferers

2 Interferers
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Figure 8 CDF for detection latency during initial access for 4 GHz with UE speed 3km/h with 2 interferers

From figure 6 to figure 8, we can observe that both options can provide similar detection latency for 4 GHz with/without interferers and for 30 GHz without interferers with UE speed 3km/h.
Observation 4: Both options can provide similar detection latency for 4 GHz with/without interferers and for 30 GHz without interferers with UE speed 3km/h. 
Conclusions
The following was proposed above:
Observation 1: With the consideration that cross-correlation coefficients are smaller than 0.15, the generator polynomials used for NR-SSS can be selected from the polynomials set
 X = {}.
Observation 2: With the consideration that only 50th percentile of CM is equal to or smaller than3. 41dB, the generator polynomials used for NR-SSS can be selected from polynomials set {}.
Observation 3: With the consideration of PAPR, CM and cross-correlations of NR-SSS sequences, option 2 is better than option 1.
Observation 4: Both options can provide similar detection latency for 4 GHz with/without interferers and for 30 GHz without interferers with UE speed 3km/h.
Proposal 1: The physical cell ID is jointly signaled via both NR-PSS and NR-SSS.
Proposal 2: The factors of correlation and PAPR and CM and should be considered in the selection of the generator polynomials for NR-SSS.
Proposal 3: PAPR and CM and cross-correlations should be considered in NR-SSS design.
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Appendix
1.5 Link-level Evaluation Assumptions
Table 3 Link-level Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz
	For above 6GHz

	Carrier Frequency
	4GHz
	30GHz

	Default subcarrier spacing
	30kHz
	120kHz

	Channel Model
	Table A.1.5-1 in [3GPP TR38.802 v1.3.0]
Note: Zero interfering TRP should be assumed for above 6GHz.

	Antenna Configuration
	

	UE speed
	

	Number of interfering TRPs
	

	Target received baseband SNR 
	-6dB

	Frequency Offset
	· For initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5ppm

	Timing arrival difference from interfering TRPs
	· Synchronous scenario: 
Uniformly distributed from -3/N us to +3/N us, where N denotes scaling factor (N= Default subcarrier spacing (kHz)/15(kHz)).

	FFT size
	256 

	Search window
	70 OFDM symbols

	NR-PSS sequences
	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

	NR-SSS sequences
	Option 1,Option 2
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