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1. Introduction

At January RAN1#AH meeting [1], following agreements related to NR SS design were reached. 

	Agreements:
· Down-select the number of NR cell IDs in PSS and SSS from

· Alt 1: 504

· Alt 2: about 1000 to 2000
· Alt 3: 600

· Note that other information is not excluded from PSS/SSS
· Down-select from the following alternatives on the number of NR-PSS sequence(s):

· Alt 1: One

· Alt 2: Two

· Alt 3: Three
· Alt 4: Four

· Alt 5: Six
· Companies are encouraged to evaluate and down-select from the above alternatives in the next meeting.

Agreements:
· 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.
· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.



In this contribution, we discuss further on NR-PSS/SSS sequence design, which includes the number of NR cell IDs for NR-PSS/SSS. In addition, we also provide our link-level evaluation results on the impact of SS sequence design with agreed link-level evaluation assumptions [2].
Our views on NR-SS structure including default values of subcarrier spacing, sequence length and bandwidth are shown in our companion contribution [3].

2. Discussion and evaluation on NR-PSS and NR-SSS sequences
2.1. Number of NR cell IDs for NR-PSS/SSS
For NR initial access procedure, at least two types of synchronization signals (SS), i.e., NR-PSS and NR-SSS are used for the detection of NR cell, and NR-SSS carries at least part of NR cell ID. From the agreements as described in section 1, we need to consider a more number of cell IDs in NR-PSS/SSS than that in LTE-PSS/SSS. 
· Alt 1: 504

· Alt 2: about 1000 to 2000
· Alt 3: 600
Considering that PCI confusion and PCI planning effort to avoid PCI confusion are possible important issues for actual deployment/operation including dense deployment in urban area, it is beneficial to support more than 504 cell IDs in NR. 
Proposal 1: In order to avoid the PCI confusion issue and to relax corresponding planning effort, number of NR cell IDs should be extended to more than 504.
To support more than 504 cell IDs in NR, we first consider increasing the number of NR cell IDs in NR-PSS/SSS such as Alt.2 above. It is a straightforward approach, but the large number of cell IDs for NR-SS sequences may cause the degradation of detection performance because of the increase of the false alarm rate. On the other hand, in LTE, CGI reading is a possible solution for PCI confusion, but it has some drawbacks such as necessity of autonomous gap or DRX, effort to read MIB/SIB1 of neighboring cells and so on. In that sense, we can also consider carrying remaining part of NR cell ID by using NR-PBCH instead of CGI-like information in SIB. It is also beneficial to minimize the number of hypotheses for NR-PSS/SSS detection to minimize UE burden. On the other hand, it may be difficult to introduce additional contents into NR-PBCH such as part of NR cell ID considering limited payload size for NR-PBCH [4]. In summary, we can consider following schemes to indicate NR cell ID as follows.

· Scheme 1: NR cell ID is indicated by only NR-SS
· 1-1: NR cell ID is indicated by using the combination of NR-PSS and NR-SSS
· 1-2: NR cell ID is indicated by using only NR-SSS
· Scheme 2: A part of cell IDs (e.g. 504 IDs) is indicated by NR-SS, and remaining part is indicated by NR-PBCH.
Here, we evaluate the impact from the number of NR cell IDs for NR-SSS sequence. In evaluation, SSS sequence is generated by interleaving of two M sequences as in LTE. It means that when 1.08 MHz (63 SCs) SS bandwidth is applied, achievable number of sequence combinations is 961 (= 31*31). In the same manner, 3969 and 16129 sequence patterns are available in case with SSS sequence length of 127 and 255, respectively. From the result shown in Table 1, we can observe that there is no significant performance impact from large number of IDs associated with SSS sequence. Therefore, scheme 1-2 can be a possible approach. In addition, to achieve sufficient number of cell IDs such as 2000 IDs, SS sequence length should be 127 or more. However, we need to decide carefully the specific number of NR cell IDs with consideration for UE burden. 
Table 1: Detection performance for different number of IDs covered by SSS

	fc
[GHz]
	SCS
[kHz]
	Bandwidth
[MHz]
	Es/N0
[dB]
	Num. of IDs covered by SSS

	
	
	
	
	504
	961
	2000

	4
	15
	1.08
(63 SCs)
	-6
	0.31
	0.30
	N/A

	
	
	2.16
(127 SCs)
	
	0.57
	0.55
	0.54

	
	
	4.32
(255 SCs)
	
	0.76
	0.74
	0.72


Observation 1: NR-SSS covering different number of cell IDs (e.g., from 504 to 2000) provides no significant impact on the detection performance.

Proposal 2: RAN1 should consider NR-SSS design covering 1000 or larger number of cell IDs.
· To support 1000 or larger number of cell IDs, NR-SSS sequence length should be 127 or longer. 
2.2. NR-PSS sequence design
Table 2 shows the one-shot detection probability for different numbers of IDs in PSS sequence. In evaluation, total number of PCIs is assumed as 504. In addition, 1, 2 or 3 IDs are associated with PSS sequence and remaining PCIs are associated with SSS sequence, i.e., 504, 252 or 168. As shown in Table 2, there is no significant performance difference among different numbers of IDs in PSS sequence. On the other hand, in NR-PSS detection, smaller number of PSS sequence patterns is preferable since NR-PSS detection would be the most complexity-centric. Therefore, single PSS sequence, i.e. NR-PSS without carrying any ID is preferable for NR-PSS detection.
Observation 2: It is beneficial to minimize the number of IDs in NR-PSS sequence to minimize UE burden.
Observation 3: Cell detection performance is almost the same in the cases with different numbers of IDs in NR-PSS sequence.
Proposal 3: Single NR-PSS sequence should be considered.
Table 2: One-shot detection probability for different number of IDs in NR-PSS
	Es/N0
[dB]
	fc
[GHz]
	DS scaling

[ns]
	UE speed

[km/h]
	Number of
interfering TRPs
	Num. IDs
in PSS (SSS)
	PSS sequence
	Detection probability

	-6
	4
	100
	3
	0
	3 (168)
	Zadoff-Chu sequence
	0.71

	
	
	
	
	
	2 (252)
	
	0.73

	
	
	
	
	
	1 (504)
	
	0.76

	
	
	
	
	2
	3 (168)
	
	0.58

	
	
	
	
	
	2 (252)
	
	0.58

	
	
	
	
	
	1 (504)
	
	0.57


In NR-PSS detection, large carrier frequency offset (CFO) such as 5 ppm in UE initial acquisition should be assumed. For accurate PCI detection, initial CFO compensation should be performed before detecting NR-SSS. It means that NR-PSS detection should be robust enough to initial frequency offset while such requirement can be relaxed for NR-SSS detection. NR-PSS based on Zadoff-Chu sequence can provide good properties. In addition, it may be beneficial to apply wider subcarrier spacing only for NR-PSS. However, if actual OFDM symbol length of NR-PSS is different from that of NR-SSS, it would cause complicated resource mapping design and detection procedure. One possible solution based on above discussion is shown in Figure 1, and corresponding SS detection scheme is described below as follows.
· Detection scheme based on Figure 1
· PSS symbol in time domain is a repetition of half-length symbol based on comb mapping as shown in Figure 1
· PSS detection procedure including CFO compensation is performed before PSS detection. The detailed scheme of CFO compensation is discussed in our companion contribution [3]. 
· After detecting PSS timing and pattern, time domain repetition structure of PSS as shown in Figure 1 is utilized for further frequency offset compensation. The correlation between former part of received PSS signal and latter part of received PSS signal will reflect phase rotation within half OFDM symbol length due to residual frequency offset (RFO) and hence it can be used to estimate the RFO. If this further frequency offset compensation works well, residual frequency offset in SSS detection procedure can be reduced and hence SSS subcarrier spacing can be narrow and longer sequence length can be applied within a limited transmission bandwidth.
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Figure 1: Mapping approach for wider PSS subcarrier spacing
Proposal 4: Zadoff-Chu based sequence should be applied for NR-PSS.
Observation 4: Time-repetitive NR-PSS structure based on comb mapping would be helpful to mitigate residual frequency offset after NR-PSS detection and would provide flexibility for various NR-SS design.
· Detailed PSS sequence design should be further studied.
2.3. NR-SSS sequence design
As NR-SSS sequence, we first consider the interleaved two M-sequences as in LTE. It is beneficial in order to support large number of IDs in limited SS bandwidth. In addition, we can consider cyclic shifted sequences e.g., based on Zadoff-Chu sequence since it can ideally achieve zero correlation between sequences. So, in this contribution, we can consider following candidates of NR-SSS sequence design.
· Alt 1: interleaving two M-sequences without scrambling using ID in PSS (no cell ID in NR-PSS).
· Alt 2: interleaving two M-sequences with scrambling using ID in PSS as in LTE.
· Alt 3: a root sequence cyclically shifted in time and/or frequency domain.

We think that interleaving two M sequences as in LTE (i.e., Alt 1 and 2) is a straightforward approach for NR-SSS. Scrambling using cell IDs, which is difference between Alt. 1 and Alt. 2, should be discussed with consideration on the number of IDs for PSS. As shown in Section 2.2, we observed that cell detection performance is almost the same in cases with different number of PSS IDs while minimizing the number of PSS IDs is beneficial in terms of UE complexity. Therefore, we can consider that Alt.1 is considered as baseline option for NR-SSS sequence design and Alt.2 can be removed from the candidates. In addition to Alt. 1, cyclic shifted sequence can be considered for NR-SSS as Alt. 3. If we assume the 15 kHz or wider SS subcarrier spacing is applied in 5 MHz SS bandwidth, the number of SS subcarriers will be around 288 subcarriers (24 RB) or less number. In that case, only one root sequence would not be enough to provide 504 or more IDs by cyclic shifting. So, we consider interleaving two sequences even in Alt. 3 to increase number of sequence patterns. Therefore, we evaluate the following two options with just different sequence types.

· Opt 1: Interleaving two M sequences as in LTE
· Opt 2: Interleaving two Zadoff-Chu sequences with cyclic shifts using IDs

Table 3 shows the one-shot detection performance for above options. In evaluation, the number of IDs in NR-PSS and NR-SSS is assumed as 1 and 504, respectively. For both options, SSS sequence is constructed by interleaved concatenation of two sequences with length-127. From evaluation result, above two sequence types have similar performance. On the other hand, Figure 2 shows cross-correlation between different sequence IDs in both options. Figure 2 (a) shows that Zadoff-Chu sequence can provide better cross-correlation property in case without time/frequency offset. However, assuming residual frequency offset after NR-PSS detection, Zaodff-Chu sequence have distorted peak in cross-correlation performance between cyclic-shifted sequences as shown in Figure 2 (b). In that case, the distorted correlation peak may increase false alarm probability and hence M sequence based SSS would be more robust against residual frequency offset compared with Zadoff-Chu based SSS. In addition, M sequence based SSS can reuse the sequence design as in LTE. Therefore, M sequence based design should be applied for NR-SSS.
Observation 5: For NR-SSS detection, interleaving two sequences based on M sequences and Zadoff-Chu sequences provides almost the same detection performance.
Observation 6: Zadoff-Chu sequence based SSS design has distorted peak performance in cross-correlation between cyclic-shifted sequences in the presence of residual frequency offset.
Proposal 5: M sequence based NR-SSS should be applied for NR-SSS.
Table 3: One-shot detection probability for different number of IDs in NR-SSS
	Es/N0
[dB]
	fc
[GHz]
	DS scaling

[ns]
	UE speed

[km/h]
	Number of
interfering TRPs
	Num. of IDs
in PSS (SSS)
	SSS sequence
	Detection probability

	-6
	4
	100
	3
	0
	1 ( 504)
	M sequence
	0.75

	
	
	
	
	
	
	Zadoff-Chu sequence
	0.76

	
	
	
	
	2
	
	M sequence
	0.57

	
	
	
	
	
	
	Zadoff-Chu sequence
	0.58
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Figure 2: Cross correlation between different sequence IDs
3. Conclusion 

In this contribution, we discussed and evaluated on NR-PSS/SSS sequence design, which includes the number of NR cell IDs for NR-PSS/SSS. Based on discussion and evaluation results, we made following observations and proposals.
Proposal 1: In order to avoid the PCI confusion issue and to relax corresponding planning effort, number of NR cell IDs should be extended to more than 504.
Observation 1: NR-SSS covering different number of cell IDs (e.g., from 504 to 2000) provides no significant impact on the detection performance.

Proposal 2: RAN1 should consider NR-SSS design covering 1000 or larger number of cell IDs.
· To support 1000 or larger number of cell IDs, NR-SSS sequence length should be 127 or longer. 
Observation 2: It is beneficial to minimize number of IDs in NR-PSS sequence to minimize UE burden.
Observation 3: Cell detection performance is almost same in the cases with different numbers of IDs in NR-PSS sequence.
Proposal 3: Single NR-PSS sequence should be considered.
Proposal 4: Zadoff-Chu based sequence should be applied for NR-PSS.
Observation 4: Time-repetitive NR-PSS structure based on comb mapping would be helpful to mitigate residual frequency offset after NR-PSS detection and would provide flexibility for various NR-SS design.

· Detailed PSS sequence design should be further studied.
Observation 5: For NR-SSS detection, interleaving two sequences based on M sequences and Zadoff-Chu sequences provides almost the same detection performance.
Observation 6: Zadoff-Chu sequence based SSS design has distorted peak performance in cross-correlation between cyclic-shifted sequences in the presence of residual frequency offset.
Proposal 5: M sequence based NR-SSS should be applied for NR-SSS.
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Annex: Link-level simulation assumptions
Table A-1: Link level simulation assumptions

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C 
· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz
· ASD = 5 degree, ASA = 30 degree, 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
	120 kHz

	SNR range
	Es/N0 = -6 dB

	UE speed
	3km/h
	3km/h

	Search window
	5 ms

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)
Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 

	Antenna port virtualization
	· Tx : 2 antenna ports, Rx: 1 antenna ports

· Specific antenna port virtualization is not considered on the assumption that ES/N0 includes the beamforming gain.

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

	Phase Rotation Model
	 
	Follow the PN model of [5]

	Number of interfering TRPs 
	· 0 interfering TRP
· 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB)


