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Introduction
In RAN1 #86bis Meeting, the following has been agreed on synchronization burst for NR design [1]:
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.

Furthermore, in RAN1 Ad-Hoc Meeting, the following were agreed on synchronization for NR design [4]: 
Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:
· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· Note that final set of frequency categories may include more than the above two categories
· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:
· UE IDLE mode and initial cell search power consumption and latency
· Including single/multi-beam operation at Tx and Rx
· NW power consumption
· Inter-RAT/Inter-frequency measurement 
· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments
· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs
· NW synchronization requirements/assumptions

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR [3]. 
Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. The problem of initial access for single and multi-beam operation has been discussed [5] with solutions proposed to reduce initial access latency and beam sweep overhead. 
In this contribution, we consider the initial access design and related observations for SS periodicity for single and multi-beam initial access. 

Synchronization Signal Periodicity
From the UE’s perspective, SS burst set transmission may be periodic for initial synchronization and cell selection for initial access. The UE may assume a default periodicity of the SS burst set transmission for a given carrier frequency. The exact value of the default periodicity of the SS burst set transmission for a given carrier frequency may need to be studied and determined. Although multiple frequency categories may be considered, as a starting point, the two frequency range categories may be considered and studied for below 6GHz and above 6GHz. 

The following should be considered for determining SS periodicity:

· Support for single beam and multi-beam operation
· Access latency or SS detection delay
· SS detection performance
· Power consumption and energy efficiency
· Inter-RAT and/or inter-frequency measurement
· The forward compatibility and deployment flexibility

Overall SS burst set periodicity should support both single and multi-beam operation at Tx and Rx and meet the synchronization requirements in NR. In the case of multi-beam operation, when the number of beams is large, the number of SS blocks may be large and the number of bursts per SS burst set may also be large. When the periodicity is small, the overhead may be a concern. As such, the periodicity should be large enough to accommodate a large number of SS blocks to reduce overhead. On the other hand, the periodicity should be small enough to achieve reasonable access latency and SS detection delay. In addition, SS detection performance should also be considered when determining the periodicity with metrics such as the missed detection probability considered.
 
Power consumption and energy efficiency is another aspect to consider. The periodicity should be large enough to reduce network power consumption and enhance energy efficiency. On the other hand, the periodicity should be small enough to reduce search window so that initial cell search power consumption at UE may be minimized. Furthermore SS burst set periodicity should facilitate inter-RAT and/or inter-frequency measurement. The periodicity should also ensure the forward compatibility and deployment flexibility including standalone and non-standalone NR deployments. 

Signalling to assist SS burst set configuration such as a periodicity indication to indicate the updated periodicity or measurement window in RRC connected or idle mode UEs may have some benefits. However, the feasibility of assisting signalling should be further studied. A UE in connected or idle mode may be provided with updated information regarding the SS burst set periodicity of the serving cell (and of neighbor cell(s)) by the network. The updated periodicity may differ from the default periodicity assumed by UE and becomes the periodicity used by the UE to perform SS detection. It may also be possible to define a duration for the updated periodicity.The updated periodicity may be either shorter or longer than the default periodicity. When UE is updated with new periodicity, UE may perform SS detection according to the new periodicity. 

To minimize the need for always on signaling, the TRP may not transmit all the SS-burst sets. As such, although a UE may be configured with an updated periodicity, the SS-burst set may not need to be transmitted or may not need to be always on with the updated periodicity. In this case, the UE may need to detect the SS-burst sets periodically unless the UE has prior knowledge of when and how long the SS-burst sets may be transmitted. Such information may be conveyed to UE by network. Alternatively, it may be possible for the UE to request the SS-burst sets by demand.

Proposal 1: Initial access latency, support for multi-beam operation, power consumption, network energy efficiency and synchronization performance should be taken into account when SS periodicity is considered and determined.
Impact of Periodicity on SS Signal Performance 
As mentioned previously, performance and latency should be considered when determining periodicity. We compare the following three sequence designs for NR-PSS for different periodicities:
· Scheme 1: ZC sequence (short length)
· Scheme 2: ZC sequence (long length)
· Scheme 3: ZC sequence with frequency repetition (long length)

As shown in Figure 1, the three schemes are compared for different periodicities of 5ms and 20ms. They are length-127 ZC sequence (labelled ZC127) and ZC sequence with frequency repetition (labelled ZC63REP2) and length-63 ZC sequence (labelled ZC63). 
When these three schemes operate at longer periodicity, they have slight performance degradation as compared to shorter periodicity. For example, about 0.75 dB performance degradation was observed for length-63 ZC sequence (labelled ZC63) when operating at 20ms periodicity as compared with 5ms periodicity. About 0.5 dB performance degradation was observed for length-127 ZC sequence (labelled ZC127) and ZC sequence with frequency repetition (labelled ZC63REP2) when operating at 20ms periodicity as compared with 5ms periodicity. Those performance degradations were observed at the 10% probability of miss detection.  
Length-127 ZC sequence (labelled ZC127) and ZC sequence with frequency repetition (labelled ZC63REP2) outperform length-63 ZC sequence (labelled ZC63) by about 3 dB at the 10% probability of miss detection for 5ms. Similarly, for 20ms, length-127 ZC sequence (labelled ZC127) and ZC sequence with frequency repetition (labelled ZC63REP2) also outperform length-63 ZC sequence (labelled ZC63) by about 3 dB at the 10% probability of miss detection. 
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[bookmark: _Ref471595210]Figure 1: NR-SS Performance Comparison – 5ms vs 20ms Periodicity

Observation 1: Performance for SS signal slightly decreases with the increase of SS periodicity (e.g., 5ms vs 20ms).
Observation 2: Performance for SS signal increases with the increase of SS sequence length (e.g., length 127 or 63 with frequency repetition vs length 63).
Observation 3: Initial access latency due to SS detection delay increases with increase of SS periodicity. 

Proposal 2: Longer SS sequence may be considered for increased robustness of SS detection and possible one-shot SS acquisition to reduce latency, particularly for potential large access latency and SS detection delay in case of long periodicity. 

Conclusions
In this contribution, we discussed and evaluated initial access and related SS periodicity for a beam-based approach in NR. Based on the analysis and simulations results, we have the following observations:
Observation 1: Performance for SS signal slightly decreases with the increase of SS periodicity (e.g., 5ms vs 20ms).
Observation 2: Performance for SS signal increases with the increase of SS sequence length (e.g., length 127 or 63 with frequency repetition vs length 63).
Observation 3: Initial access latency due to SS detection delay increases with increase of SS periodicity

Based on the observations, we have the following proposals:
Proposal 1: Initial access latency, support for multi-beam operation, power consumption, network energy efficiency and synchronization performance should be taken into account when SS periodicity is considered and determined.
Proposal 2: Longer SS sequence may be considered for increased robustness of SS detection and possible one-shot SS acquisition to reduce latency, particularly for potential large access latency and SS detection delay in case of long periodicity. 
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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
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