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1 Introduction
In RAN#85 discussion on synchronization signal design for NR has been started. Some agreements was made with respect to the possible beamforming approaches that can be used for transmission of the NR synchronization signals (NR-SS) [1]. It is expected that RAN1 in the future meetings will perform performance analysis and comparison of the different NR-SS design options. Therefore, a common set of evaluation assumptions are needed to facilitate the comparison. In this contribution we will provide our views on the scenarios and corresponding simulation assumptions that should be used for NR-SS evaluations.
2 Overview of evaluations
Link-level evaluation assumptions
The link-level evaluation is needed to understand the fundamental differences between the different design options. Along with the overall cell search performance, the performance at each step can be investigated. The proposed link-level evaluation assumptions are provided in Table 1. Two scenarios should be considered for evaluation of NR-SS corresponding to the below 6GHz and above 6GHz deployments. For the deployment below 6GHz the scenario with and without interfering TRPs can be considered. In addition, given that the deployment for the above 6GHz is expected to be noise-limited, it is proposed to consider relatively low SNR values for NR-SS evaluation. 
Table 1: Link-level evaluation assumptions for NR-SS
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL, AWGN

	Subcarrier Spacing
	15 kHz
	60 kHz

	SNR range
	> -6dB
	> -18dB

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each company.

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(4,4,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna port virtualization
	Clarified by each company in simulation assumptions

	Frequency Offset
	· Initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 10 ppm

· Non-initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform

	Number of interfering TRPs 
	1. 0 TRP

2. 2 interfering TRPs (1st SIR = 0 dB, 2nd SIR = -3dB) – timing arrival differences from TRPs are provided by each company
	1. 0 TRP




System-level evaluation assumption

In addition to link-level, system-level simulation should be also carried out for different NR-SS design options. The system-level evaluations are mainly needed to understand the ultimate performance benefits of different NR-SS design options in the multi-TRP environment, where the system-level aspects such propagation delay difference from different TRPs, TRP interference, SFN gains, etc. are typically more accurately modelled comparing to link level evaluations. Since there is no obvious PHY abstraction modelling for synchronization performance (e.g. no link to system mapping for PSS timing acquisition, frequency offset estimation, constant interference from predetermined sequences, and so on), all the links should be explicitly implemented in the system level platform. For NR-SS evaluation, we propose to consider the Urban Macro scenario with hexagonal deployment of the TRPs and ISD = 500m. Similar to link-level evaluations, NR-SS performance should be evaluated for the below 6GHz and above 6GHz carrier frequencies. The other system-level evaluation assumption are provided in Table 2.
Table 2: System-level evaluation assumptions for NR-SS

	
	Below 6GHz
	Above 6GHz

	Scenario
	Urban Macro, ISD = 500m

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	TS 36.873
	TS 38.900

	UE dropping
	According to TS 36.873

	Subcarrier Spacing
	15 kHz
	60 kHz

	Network Synchronization
	TRPs are synchronized, propagation delay difference between TRPs is modelled.

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each company.

	Antenna Configuration at the TRP
	(1,1,2) with directional antenna element (HPBW=650, directivity 8dB)
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(4,4,2), with directional antenna element (HPBW=650, directivity 8dB)

	Frequency Offset
	· Initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 10 ppm

· Non-initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 0.1 ppm



	PHY Abstraction
	No PHY Abstraction. All the links shall be explicitly implemented in the system level platform.


Performance metrics

Different performance metrics can be considered for comparison of NR-SS. The following performance metrics can be considered:
· Signal detection rate
· Misdetection probability

· Distribution of acquisition time (a.k.a. cell search time)
· Residual timing and frequency errors after synchronization
· Other metrics are not precluded.

In addition to the performance metrics above, the detection complexity of the proposed NR-SS design should be also provided. 
3 Summary

In this contribution we provide our views on the evaluation assumption required for NR synchronization signal (NR-SS) design analysis. Both link-level and system-level evaluations for below and above 6GHz deployment scenarios were proposed. In addition to the simulation assumptions, the performance metrics for the comparison between different NR-SS designs are also provided. Therefore, it is proposed for RAN1 to agree Table 1 (for link level) and Table 2 (for system level) as the simulation assumptions for future study.
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