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Introduction
The agreements on the design of synchronization signals including NR-PSS and NR-SSS in the last meeting [1] are as follows:

	Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design

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.




In addition, there were several agreements on numerology, SS burst set composition, bandwidth, multiplexing, SS-block index indication, SS periodicity, and so on. Based on the above agreements, we discuss several aspects on design of NR synchronization signals in this contribution.

Design of Synchronization Signals
NR-PSS
Regarding sequences for NR-PSS, we do not see any clear necessity and benefit to adopt new sequence for NR-PSS since ZC sequence has been used for LTE-PSS due to its many good properties such as auto and cross-correlation, low PAPR,  complex conjugate property, etc.

Proposal 1: ZC sequence should be used for NR-PSS.

In initial access procedure, a UE first acquires time/frequency synchronization through NR-PSS. The NR-PSS searching requires high computational complexity, and consequently causes high power consumption. The reduction of hypothesis testing through NR-PSS (e.g., detection of part of Cell ID) will be beneficial to reduce implementation complexity and power consumption. In addition, single NR-PSS could provide the gain of detection performance thanks to SFN in synchronized multi-cell environments. Therefore, we prefer that NR-PSS focuses on the timing acquisition including symbol and frame (if possible).

Proposal 2: Single NR-PSS is preferred.

In NR, multi-beam operation for initial access will be necessary at least for above 6GHz. Consequently, it is important to enhance one-shot detection probability of NR-SS since it is relatively difficult to accumulate received NR-SS to enhance detection probability considering multi-beam operation. Generally, the longer sequence provides the better performance. In addition, the minimum transmission bandwidth for NR initial access will be larger than LTE’s one. It seems to be natural way to increase the sequence length of NR-PSS. However we also consider UE’s reception complexity and minimum transmission bandwidth at the same time. Therefore, we prefer that sequence length is about 127.

Proposal 3: Sequence length is about 127.

Regarding the sequence repetition, we prefer time-repetitive signal since it has beneficial to frequency offset estimation [2] and implementation flexibility [3]. Considering multi-beam operation, we also prefer to limit the number of OFDM symbols for transmitting NR-SS as small as possible.

Proposal 4: Time-repetitive signal of NR-PSS within an OFDM symbol

However, the time-repetitive signal provides higher auto-correlation sidelobes due to time repetitive structure as pointed out in [4]. It will cause the performance degradation of symbol timing acquisition. Thus, special considerations would be needed at transmitter and/or receiver side. As an example, time repetitive synchronization signal with additional complex conjugation could be considered. Applying complex conjugation on the top of one of repetition parts, the auto-correlation sidelobes are reduced, and consequently the detection performances are improved as shown in Appendix. If NR-PSS is transmitted more than one every radio frame similar as LTE, NR-PSS can provide additional frame timing functionality by applying complex conjugation to the repetition pattern alternatively.

Observation 1: Special considerations (e.g., conjugation) should be studied for high auto-correlation sidelobes which is from time-repetitive structure.

If conjugating operation is added on the top on time-repetitive structure, it will be made in the time domain. If FDM with other channel is considered, separate FFT operation will be required. However, according to the agreement in RAN1#87 meeting, a specific subcarrier spacing will be predefined in a given frequency range. Under the agreement, the subcarrier spacings between NR-PSS and other channels will be likely to be different each other in many cases. Therefore, two separate FFT operation should be supported generally in NR as shown in Figure 1.
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[bookmark: _Ref474185284][bookmark: _GoBack]Figure 1. Example of generation of ‘time-repetitive + conjugation’ SS

NR-SSS
Since we prefer that NR-PSS only focuses on the timing acquisition including symbol and frame (if possible) as mentioned in the above, NR-SSS should provide the functionality for the detection of entire cell ID. Therefore, we do not need to consider scrambling based on the PSS as in LTE. In order to provide entire cell ID detection through NR-SSS, the sequence length should be increased than one in LTE. If frame timing detection is also supported in NR-PSS depending on the design of NR-PSS and the periodicity of NR-SS burst set, no interleaving of two M-sequences is required. Based on the previous discussions, our preferences for NR-SSS are as follows:

Proposal 5: Regarding the sequence of NR-SSS, M-sequence with cyclic shift is preferred. Regarding the sequence length of NR-SSS, we prefer to similar length as NR-PSS which will be longer length than LTE.

Numerology for NR-SS
In RAN1#87 meeting, it has been decided that a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification. However, whether subcarrier spacing of NR-PSS and NR-SSS is same or not is still FFS. If it is assumed that different subcarrier spacing between NR-PSS and NR-SSS (e.g., 30 kHz for NR-PSS and 15 kHz for NR-SSS) at a URLLC dedicated cell having also different subcarrier spacing for data transmission (e.g., 60 kHz for data transmission), it mandates high implementation complexity because 3 different values of subcarrier spacing should be supported in this cell. Therefore, we prefer the same subcarrier spacing between NR-PSS and NR-SSS. It could be also beneficial for coherent detection of NR-SSS if TDM is supported for multiplexing between NR-PSS and NR-SSS. We also prefer that the same value of subcarrier spacing is used for NR-PBCH. The exact value according to the frequency ranges should be further studied.

Proposal 6: The subcarrier spacing for NR-SSS and NR-PBCH should be the same with NR-PSS.

Summary
In this contribution, we made the following observation and proposals.
Proposal 1: ZC sequence should be used for NR-PSS.
Proposal 2: Single NR-PSS is preferred.
Proposal 3: Sequence length is about 127.
Proposal 4: Time-repetitive signal of NR-PSS within an OFDM symbol
Observation 1: Special considerations (e.g., conjugation) should be studied for high auto-correlation sidelobes which is from time-repetitive structure.
Proposal 5: Regarding the sequence of NR-SSS, M-sequence with cyclic shift is preferred. Regarding the sequence length of NR-SSS, we prefer to similar length as NR-PSS which will be longer length than LTE.
Proposal 6: The subcarrier spacing for NR-SSS and NR-PBCH should be the same with NR-PSS.
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Appendix A. Detection performance evaluations
In this appendix, we show the simulation results for detection performances. In order to reduce auto-correlation sidelobes of time-repetitive synchronization signal, we applied complex conjugation to one of time repetitive pattern as shown in Figure 2. In this structure, we can keep the benefits of time-repetitive structure with marginal implementation complexity.
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[bookmark: _Ref471738382]Figure 2. Example of time-repetitive synchronization signal with complex conjugation
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[bookmark: _Ref471738399]Figure 3. Auto-correlation properties of time repetitive and time repetitive+conjugation
Figure 3 shows auto-correlation properties of time-repetitive and time-repetitive with additional complex conjugation. The sidelobes due to time-repetitive structure are reduced, while the remaining sidelobes are increased. However, the largest one will be critical to the timing detection performance. With the proposed synchronization signal, we evaluate the timing detection performances. Table 1 shows the simulation assumptions for this evaluation.

[bookmark: _Ref471738701]Table 1. Simulation assumptions
	Parameters
	Values

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Sampling frequency
	3.84MHz (15kHz x 256)

	Channel
	CDL-C

	FFT size
	256

	Synchronization signal
	LTE-based PSS

	Number of Tx/Rx antennas
	2 x 2

	Frequency offset
	TRP = +/-0.05ppm & UE = +/-5ppm

	Detection method
	2-part replica based detection

	Search window
	Same as SS transmission period

	Number of interfering TRPs
	0 TRP
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(a) Detection probability at the exact time sample
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(b) Detection probability within CP
[bookmark: _Ref471735537]Figure 4. One-shot detection performances for timing 
(TRP=+/-0.05ppm and UE=+/-5ppm frequency offset)
Figure 4 shows the one-shot detection performances for symbol timing. In case of Figure 4 (a), we consider the only exact sample index as the correct timing. On the other hand, we relax the condition within CP in case of Figure 4 (b). In both cases, additional complex conjugation on the top of time repetitive synchronization signal has better detection performances than time-repetitive only structure.
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