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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In the RAN1 #88 meeting, it was agreed that a default SS burst set periodicity for initial cell selection for NR cell search will definitely down select the values from 10, 20 ms in the next meeting [1]. 
	Agreements:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]For initial cell selection for NR cell, UE assume the following default SS burst set periodicity
· For carrier frequency range category #A : TBD among 10, 20 ms
· E.g. range for #A (0 ~ 6 GHz)
· For carrier frequency range category #B : TBD among 10, 20 ms
· E.g. range for #B (6 GHz ~ 60 GHz )
· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.
· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges
· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity
· RAN1 will definitely down select the values from 10, 20 ms in the next meeting
· 


In this contribution, we focus on the periodicity of NR SS. And as a related issue, the structure of SS burst set has been discussed in our companion contribution [2]. 
2. Discussion
NR defines at least two types of synchronization signals, NR-PSS and NR-SSS. There is no obvious reason for configuring different periodicity for NR-PSS and NR-SSS. So NR should still support uniform periodicity for NR SS just as LTE. 
Observation 1: NR should still support uniform periodicity for NR-PSS and NR-SSS just as LTE. And period of NR SS is equal to period of SS burst set.
Some factors need to be further considered for determining the SS burst set periodicity. Such as: resource overhead of SS burst set, network energy consumption, cell searching time and UE complexity, etc. 
· Resource overhead of SS burst set
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]During RAN1#88 the following agreements and working assumption on multiplexing among SSs and PBCH, number of SS blocks were reached:
Agreements:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported
Working assumption:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS and PBCH is supported
· RAN1 will consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth
Agreements:
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category
In order to reduce congestion of data transmission, the length of SS block is considered to be as short as possible. So it is not reasonable for introducing other signals TDM with NR-SS/PBCH in SS block. For NR-PSS and NR-SSS, it is natural that one symbol will be needed for each of them. For NR-PBCH, we have evaluated the NR-PBCH reception performance using different number of symbol(s) (one or two) for 4GHz carrier frequency, and provide our preference on number of symbols for NR-PBCH. Reference signals of NR-PBCH used in the evaluation are shown in our companion contribution[3], and other evaluation assumptions are presented in the Table of Appendix. 
[image: ]
Figure 1: Performance comparison of different symbol(s) (one or two) NR-PBCH
As shown in Figure 1, it is obvious that 2 symbols NR-PBCH has a better performance. Moreover, considering received baseband SNR condition of -6dB[4], the requirement of 1% BLER as set in LTE PBCH can not be satisfied by 1 symbol NR-PBCH. 
In summary, two symbols NR-PBCH should be considered as working assumption. This would mean that one SS block would consist of four (4) symbols, one for NR-PSS one for NR_PSS and two for NR-PBCH. 
For carrier frequency range #A (0 ~ 6GHz): 
As suggested in our companion contribution[5], 30kHz is the largest SCS of NR-SS for below 6GHz. In order to support the maximum number of 16 SS blocks, the SS burst set will occupy about 2.29ms. Considering the default SS burst set periodicity of 10ms and 20ms, the maximum overheads of SS burst set are about 22.9% and 11.5% respectively. Comparing the overhead(about 8.6%) of SS and PBCH in LTE, the default SS burst set periodicity of 20ms seems to be a reasonable option. 
For carrier frequency range #B (6 ~ 60GHz): 
Also follow the previous suggestion[5], 240kHz is the largest SCS of NR-SS for above 6GHz. We notice that the largest SCS for NR-SS and maximum number of SS blocks are scaled with the same multiple between carrier frequency above and below 6GHz. Which means that 20ms periodicity is also reasonable for carrier frequency range #B. 
Observation 2: An acceptable resource overhead of SS burst set will be achieved with default periodicity of 20ms for both carrier frequency range #A and #B. 
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Network energy consumption and flexibility
From the perspective of network, the amount of always-on signals becomes less with increased SS period. Longer periodicity of SS burst set reduces the energy consumption. Meanwhile, it is also conducive to the forward compatibility and scheduling flexibility. 
Observation 3: A larger default SS burst set periodicity(i.e. 20ms) is beneficial for the network energy consumption and flexibility. 
· Cell search time and UE complexity
On the other hand, larger period means longer cell search time. However, it has been discussed in RAN1 to allow sparser SS raster than channel raster, which will effectively reduce total cell search time to an acceptable range. 
Larger periodicity will increase the processing complexity and memory requirements for the UE. However, initial access process normally occurs only at UE power on. So this will not have any significant impact to the overall processing complexity.
Observation 4: A lower default periodicity of SS burst set will be beneficial for improved performance and reduced UE complexity for cell search. But it seems not to have any significant impact to the overall processing complexity.
Proposal 1: The default periodicity of NR SS burst set should be 20ms.
3. Conclusions
The following proposals and observation were discussed above:
Observation 1: NR should still support uniform periodicity for NR-PSS and NR-SSS just as LTE. And period of NR SS is equal to period of SS burst set.
Observation 2: An acceptable resource overhead of SS burst set will be achieved with default periodicity of 20ms for both carrier frequency range #A and #B. 
Observation 3: A larger default SS burst set periodicity(i.e. 20ms) is beneficial for the network energy consumption and flexibility. 
Observation 4: A lower default periodicity of SS burst set will be beneficial for improved performance and reduced UE complexity for cell search. But it seems not to have any significant impact to the overall processing complexity.
Proposal 1: The default periodicity of NR SS burst set should be 20ms.
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Appendix
Table: Link-level evaluation assumptions
	Parameter
	Assumption

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	15 kHz

	Bandwidth of NR-PBCH
	≤5 MHz

	Number of RB
	27

	Delay spread
	100 ns

	Channel coding
	TBCC

	Payload size
	50 bit (include CRC)

	CRC size
	16 bit

	Transmission scheme
	SFBC

	Multiplexing between SS and NR-PBCH 
	TDM

	Number of OFDM symbols for NR-PBCH
	1 or 2 symbol(s)

	Periodicity for NR-PBCH
	40 ms

	UE speed
	3 km/h

	Frequency Offset
	TRP: uniform distribution +/- 0.05ppm
UE: uniform distribution +/- 0.1ppm

	Phase Rotation Model
	Follow the PN model of [6]

	Number of interfering TRPs 
	0 TRP
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