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Introduction
In RAN1 NR Ad-Hoc Meeting, the following has been agreed on synchronization sequences for NR design [1]:
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

In this contribution, we consider the synchronization signal and sequence design, and related observations for initial access in NR systems. 

Synchronization Sequences Designs
In this section, we study the effect of increasing the length of the NR-PSS sequence on the synchronization performance. For comparison, we consider a short sequence which is the same as LTE. We then consider two options for increasing the NR-PSS length: for option 1 a longer sequence is constructed using the same generating function used for the short sequence, while for option 2, a longer sequence is constructed by concatenating multiple identical sequences of the same length. The Zadoff-Chu (ZC) sequence is used as the baseline sequence for the design.

We compare the following three sequence designs for NR-PSS:
· Scheme 1: ZC sequence (short length)
· Scheme 2: ZC sequence (long length)
· Scheme 3: ZC sequence with frequency repetition (long length)

Scheme 1 is the short sequence which has a length of 63. This is the same as legacy LTE. Scheme 2 is a longer sequence of length 127. Scheme 3 is a longer sequence of length 127 constructed by concatenating multiple sequences having the same sequence and length. It is actually a length-63 ZC sequence with repetition in frequency domain. 
We first study these three designs without CFO impact. The relative performance between the three schemes is shown in Figure 1 in which two-burst accumulation is used. It was observed that scheme 2 (labelled ZC-127) and scheme 3 (labelled ZC-63 Rep2) are comparable in performance. Both Schemes 2 and 3 outperform scheme 1 (labelled ZC-63) with a performance gain of about 3 dB. This is because longer SS sequence can provide more robust detection performance than shorter SS sequence. 
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[bookmark: _Ref471578377]Figure 1: Performance of SS Sequence – without CFO

We then study the SS performance impact due to CFO. We compare these three schemes under two cases –with fixed maximum CFO and with random CFO. As shown in Figure 2, the three schemes are compared for zero CFO, 1ppm and 2ppm random CFO. Performance degradation occurs for all three schemes with the presence of CFO and the probability of miss detection increases as the CFO increases. Length-127 ZC sequence (labelled ZC-127) and ZC sequence with repetition (labelled ZC-63Rep2) outperform length-63 ZC sequence (labelled ZC-63) by about 3 dB at the 10% probability of miss detection. ZC sequence with repetition (labelled ZC-63Rep2) slightly outperforms the length-127 ZC sequence (labelled ZC-127) by 0.4 dB at the 10% probability of miss detection.  
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[bookmark: _Ref471578967]Figure 2: Performance of SS Sequence – with CFO (random)


As shown in Figure 3, Length-127 ZC sequence (labelled ZC-127) is compared with length-63 ZC sequence (labelled ZC-63) for zero CFO, 0.5ppm (0.25 subcarrier spacing) and 1ppm (0.5 subcarrier spacing) fixed CFO. Similarly, performance degradation occurs for both schemes with CFO and the probability of miss detection increases as the CFO increases. However, Length-127 ZC sequence outperform length-63 ZC sequence (labelled ZC63) by about 3 dB for different CFOs at the 10% probability of miss detection. When the CFO increases to 0.5ppm (0.25 subcarrier spacing) from zero, the performance degradation is 0.4 dB at 10% probability of miss detection for both length-127 and length-63 ZC sequences. When CFO increases to 1ppm (0.5 subcarrier spacing) from zero, the performance degradation is about 2.7 dB at 10% probability of miss detection for both length-127 and length-63 ZC sequences.

[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\0CKZIEJM\cfo_0_05_1.png]
[bookmark: _Ref471580031]Figure 3: Performance of SS Sequence – with CFO (Fixed)


Observation 1: Longer NR-SS sequence (either a single long sequence or a short sequence with frequency repetition) outperforms shorter NR-SS sequence at different CFO levels. A longer SS sequence can enhance the detection performance of NR-SS signal. Probability of miss detection for NR-SS signal decreases with the increased NR-SS sequence length (e.g., ZC sequence of length 127 or length 63 with frequency repetition vs ZC sequence of length 63).

The three schemes are compared for different periodicities of 5ms and 20ms. As shown in Figure 4, Length-127 ZC sequence (labelled ZC-127) and ZC sequence with repetition (labelled ZC-63Rep2) outperform length-63 ZC sequence (labelled ZC-63) by about 3 dB at the 10% probability of miss detection for 5ms. Similarly, for 20ms, length-127 ZC sequence (labelled ZC-127) and ZC sequence with repetition (labelled ZC-63Rep2) also outperform length-63 ZC sequence (labelled ZC-63) by about 3 dB at the 10% probability of miss detection. 
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[bookmark: _Ref471595210]Figure 4: Performance of SS Sequence 


Observation 2: Longer NR-SS sequence (either a single long sequence or a short sequence with frequency repetition) outperforms shorter NR-SS sequence at different SS periodicities – e.g., 5ms and 20ms
Proposal 2: Longer NR-SS sequence may be constructed using either a single long ZC sequence or a short ZC sequence with repetition or concatenation.
Proposal 3: In case of sequence-based design, a basic sequence may be used to construct a longer NR-SS sequence with frequency repetition.






Conclusions
In this contribution, we evaluated initial synchronization signal and sequence design in NR. Based on the analysis and simulations results, we have the following observations:
Observation 1: Longer NR-SS sequence (either a single long sequence or a short sequence with frequency repetition) outperforms shorter NR-SS sequence at different CFO levels. A longer SS sequence can enhance the detection performance of NR-SS signal. Probability of miss detection for NR-SS signal decreases with the increased NR-SS sequence length (e.g., ZC sequence of length 127 or length 63 with frequency repetition vs ZC sequence of length 63).
Observation 2: Longer NR-SS sequence (either a single long sequence or a short sequence with frequency repetition) outperforms shorter NR-SS sequence at different SS periodicities – e.g., 5ms and 20ms

Based on the observations, we have the following proposals:
Proposal 1: Longer NR-SS sequence may be considered for increased robustness and enhanced performance of NR-SS detection.
Proposal 2: Longer NR-SS sequence may be constructed using either a single long ZC sequence or a short ZC sequence with repetition or concatenation.
Proposal 3: In case of sequence-based design, a basic sequence may be used to construct a longer NR-SS sequence with frequency repetition.
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Appendix: Evaluation assumptions
[bookmark: _Ref462836543]Table 1. Simulation Assumptions
	Carrier Frequency
	30 GHz

	PSS Sequence
	· ZC length = 63 (root index 29)
· ZC length = 127 (root index 62)
· ZC length = 63 Repetition 2x

	SSS Sequence
	LTE

	Probability of False Alarm
	0.01

	Channel Model
	CDL-C channel 
Delay Scaling values 30 ns for 30 GHz

	FFT size
	128

	Subcarrier Spacing(s)
	60 kHz

	OFDM Symbols in 1 TTT
	56

	Periodicity 
	5mS, 20mS

	Search Window
	· 280 OFDM symbols for 5mS Periodicity
· 1120 OFDM symbols for 20mS Periodicity

	Antenna Configuration at the TRP
	(4,8,2), with omni directional antenna elements

	Antenna Configuration at the UE
	(2,4,2), with omni directional antenna elements

	Antenna port virtualization
	DFT-based the beamforming method, 
· BS 28 beams cover 360 degrees 
· UE 1 beam directly pointing in the direction of AoA ZoA

	UE speed
	3km/h

	Frequency Offset
	UE: uniform distribution +/- 0.5 ppm, +/- 1 ppm, +/- 2 ppm, +/- 5 ppm
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