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Introduction
In last RAN1 NR Ad hoc meeting, some agreements have been made on the PSS/SSS sequence bandwidth and sequence design:
· 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
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
In this contribution, we firstly give our further evaluation results and analysis considering the comparison of ZC sequence PSS, M sequence PSS and the modified ZC sequence, and then we give our consideration and evaluation results of NR-SSS M sequence parameters and scrambling details.
The NR-PSS sequence
In last meeting, a working assumption is agreed for NR PSS, which is Frequency domain based pure BPSK M sequence is adopted as PSS sequence, in this meeting, it is targeted to confirm the working assumption. we give our initial evaluation of several ZC sequence and M sequence as PSS sequence.
The number of NR-PSS sequence for evaluation is 3, The generation of m sequence follows the working assumption made at last meeting, the root of ZC sequence is 42,44 and 85, respectively. We choose the low frequency band scenario below 6GHz(4GHz), the subcarrier spacing is 15kHz, we give our evaluation assuming relatively larger frequency offset , the detailed simulation assumptions are given in appendix.
As shown in Figure 1, when frequency offset is larger, the joint detection probability of ZC sequence and M sequence are similar. And as shown in Figure 2 and Figure 3, both the residual timing offset and residual frequency offset of ZC sequence and M sequence are also similar.
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Figure 1the joint detection probability of M sequence and ZC sequence(larger frequency offset)
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Figure 2 the residual timing offset of M sequence and ZC sequence(larger frequency offset)
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Figure 3 the residual frequency offset of M sequence and ZC sequence (larger frequency offset)
Observation 1: the performance of M sequence and ZC sequence are similar with relatively larger frequency offset.
The modified ZC sequence
In our evaluation, we give the following options to evaluate, as shown in table 1. we simulate modified ZC sequence of 2 ZC sequences concatenation in time, 2 ZC sequences interleaving in time, 2 ZC sequence concatenation in frequency, 2 ZC sequences interleaving in frequency and 4 ZC sequences concatenation in time
table 1 modified ZC sequence option
	
	Sequence design
	Modified ZC sequence

	
	number
	length
	root
	

	Opt1
	1
	126
	61
	ZC sequence in frequency

	Opt2
	1
	126
	29
	2 ZC sequences interleaving in frequency

	Opt3
	1
	126
	 (25,29)
	2 ZC sequences concatenation in frequency 

	Opt4
	1
	128
	61
	ZC sequence in time

	Opt5
	1
	128
	29
	2 ZC sequences interleaving in time

	Opt6
	1
	127
	(1,30)
	4 ZC sequences concatenation in time


Figure 4 gives the Joint detection probability performance, and figure 5 gives the timing residual offset of modified ZC sequence, and from the results, we can see that the ZC sequence in time is better than ZC sequence in frequency. 
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Figure 4 the joint detection probability of modified ZC sequence
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Figure 5 the residual timing offset of modified ZC sequence
Observation 2: the performance of ZC sequence in time is similar with ZC sequence in frequency with interleaving and concatenation.
NR-SSS M-sequence parameters and scrambling
In our evaluation assumptions ,the carrier frequency is lower than 6GHz (4GHz), the subcarrier is 15kHz. we simulation two options of SSS sequence scrambling:
Option 1: Interleaved concatenation between two different cyclic shifts of a length-63 m-sequence, scrambled by the scrambling sequence given by PSS and mapped on consecutive subcarriers
Option 2: Different cyclic shifts of 3 length-127 m-sequences with generator polynomials x7 + x + 1, x7 + x3 + 1 and x7 + x4 + 1, scrambled by the PSS indices and mapped on consecutive subcarriers without special DC tone treatment.
The joint detection probability of 1 TRP and 3 TRPs are given in figure 6 and figure 7, from the results ,we can see that the two options are similar in 1 TRP, and option 1 is better than option 3 in 3 TRPs scenarios.
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Figure 6 the joint PSS/SSS detection of two NR-SSS options(1TRP)
[image: ]
Figure 7 the joint PSS/SSS detection of two NR-SSS options(3TRP)
Observation 3: The performance of two NR-SSS design options are similar in 1 TRP, and option 1 is better than option 2 in 3 TRPs scenarios
Conclusion
In this contribution, we we firstly give our further evaluation results and analysis considering the comparison of ZC sequence PSS, M sequence PSS and the modified ZC sequence, and then we give our consideration and evaluation results of NR-SSS M sequence parameters and scrambling details, from the evaluation results, the following observations are given:
Observation 1: the performance of M sequence and ZC sequence are similar with relatively larger frequency offset.
Observation 2: the performance of ZC sequence in time is similar with ZC sequence in frequency with interleaving and concatenation.
Observation 3: The performance of two NR-SSS design options are similar in 1 TRP, and option 1 is better than option 2 in 3 TRPs scenarios
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Appendix simulation assumptions
Table1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Subcarrier spacing
	15kHz/30kHz

	Channel model
	CDL-C with delay scaling values of 100ns

	UE speed
	3km/h

	Antenna configuration at the TRP
	(1,1,2) with omni-directional antenna element

	Antenna configuration at the UE
	(1,1,2) with omni-directional antenna element

	Target received baseband SNR
	-6dB

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

	Number of interfering TRPs
	1. 0 TRP: mandatory
2. 2 interfering TRPs (1st SIR = 0dB and 2nd SIR = -3dB, where SIR is defined as the ratio of power between a reference cell and interfered cell; The time delays of 2 interfering TRPs are uniformly distributed from -3 to 3 us). 
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