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1. Introduction

At the RAN1#88 meeting, SS periodicity for NR was discussed and RAN1 made following agreements [1].

	Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  

· FFS other values with consideration for functionalities provided by NR-SS in connected mode
· FFS whether to support NR-PBCH in non-standalone NR cell

Agreements:
· 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
Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible

· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier

· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity

· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  




In this contribution, we discuss further on SS periodicity for NR, especially about default periodicity of SS burst set assumed by UE at least for initial cell selection and candidate periodicity values for adaptation with consideration for functionalities provided by NR-SS. 
2. Discussion on SS periodicity for NR
2.1. Default periodicity of SS burst set transmission
UE performing initial cell selection may assume a default periodicity of SS burst set transmission for a given carrier frequency. For the exact value of the default periodicity of SS burst set transmission for a given carrier frequency, RAN1 will down select the values from 10 and 20 ms in April meeting and RAN4 will determine the exact values of frequency ranges based on RAN1 input.
For the down selection, we should consider following aspects.
· For PSS search, periodicity of SS burst set is used as length of PSS detection window which has a large impact on PSS detection complexity. So shorter periodicity can relax PSS detection complexity. In addition, wider SS bandwidth requires higher sampling rate and hence complexity impact from longer periodicity would be severer in high frequency range. On the other hand, it was agreed to support adaptation and network indication of SS burst set periodicity to relax SS detection complexity. Therefore, default periodicity value would affect PSS detection complexity mainly in case of initial access.
· For NR network energy saving and overhead reduction, longer periodicity of SS burst set is beneficial since SS burst set would have shortest periodicity among always-on signals/channels in NR supporting standalone access. Especially for network energy saving, SS burst set periodicity may be a dominant factor.
· If one-shot detection performance and possibly measurement performance based on NR-SS is not sufficient, shorter periodicity of NR-SS can provide more NR-SS samples within certain time duration to improve detection/measurement performances and initial access latency. However, if one-shot detection/measurement performance of NR-SS is sufficient or latency requirement on NR-SS detection/measurement is not so high, it is not motivated. So far, latency requirement has not been decided yet, but one-shot detection/measurement performance of NR-SS may be better than that of LTE-SS thanks to wider bandwidth and improved design.
Based on above consideration, we slightly prefer 20 ms default periodicity value for both category #A and #B. 
Observation 1: It may be preferable to down select 20 ms as default periodicity value for both category #A and #B based on following considerations.

· Although periodicity value has a large impact on PSS detection complexity, default periodicity value would affect PSS detection complexity mainly in case of initial access.

· SS burst set periodicity may be a dominant factor for network energy saving.

2.2. Adaptation and network indication of SS burst set periodicity
As introduced in Section 1, RAN1 agreed to support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection). There are some remaining discussion points in the agreements as follows.

· Whether more than one periodicity/timing/duration can be indicated or not

· Candidate values of SS burst set periodicity for adaptation and network indication
· NR-PBCH periodicity and whether NR-PBCH is transmitted in non-standalone NR cell
Here we focus on first and second points and NR-PBCH aspects are discussed in our companion contributions [2, 3]
Regarding more than one periodicity/timing/duration indication, we think basically for each frequency carrier, one periodicity/timing/duration indication is sufficient in terms of serving/neighbor cell search and measurement. If serving and neighbor cells are synchronized, network can coordinate and provide one periodicity/timing/duration indication to UE. If serving and neighbor cells are not synchronized, network may not be able to provide accurate timing of neighbor cells. So, there may be no major use case of more than one periodicity/timing/duration indication.
Proposal 1: For each frequency carrier, more than one periodicity/timing/duration indication is not supported unless major use case of it is clarified.
Regarding candidate values of SS burst set periodicity for adaptation and network indication, we need to consider functionalities provided by NR-SS especially in CONNECTED mode. Primary functionalities of NR-SS are initial synchronization, cell identification and RRM measurement for L3 mobility. Since NR may not have CRS, we need to consider which RS provides functionalities provided by CRS in case of LTE, e.g., fine time/frequency tracking, channel estimation for demodulation of PDCCH/PDSCH, CSI measurement and radio link monitoring. NR-SS needs to be periodically broadcasted e.g., by using beam sweeping in case of multi-beam scenario and hence NR-SS transmission may apply rough beams to reduce beam sweeping overhead/duration. Then NR-SS property would not fit into above functionalities provided by CRS in case of LTE. 
Observation 2: In CONNECTED mode, NR-SS is used for initial synchronization, cell identification and RRM measurement. Functionalities provided by CRS in case of LTE, e.g., fine time/frequency tracking, channel estimation for demodulation of PDCCH/PDSCH, CSI measurement and radio link monitoring should be based on UE specific RS rather than NR-SS.

Proposal 2: Candidate values of NR-SS periodicity can be selected based on RRM measurement requirements.
3. Conclusion 

In this contribution, we discussed further on SS periodicity for NR, especially about default periodicity of SS burst set assumed by UE at least for initial cell selection and candidate periodicity values for adaptation with consideration for functionalities provided by NR-SS.
 We made the following observations and proposals. 

Observation 1: It may be preferable to down select 20 ms as default periodicity value for both category #A and #B based on following considerations.

· Although periodicity value has a large impact on PSS detection complexity, default periodicity value would affect PSS detection complexity mainly in case of initial access.

· SS burst set periodicity may be a dominant factor for network energy saving.

Proposal 1: For each frequency carrier, more than one periodicity/timing/duration indication is not supported unless major use case of it is clarified.
Observation 2: In CONNECTED mode, NR-SS is used for initial synchronization, cell identification and RRM measurement. Functionalities provided by CRS in case of LTE, e.g., fine time/frequency tracking, channel estimation for demodulation of PDCCH/PDSCH, CSI measurement and radio link monitoring should be based on UE specific RS rather than NR-SS.

Proposal 2: Candidate values of NR-SS periodicity can be selected based on RRM measurement requirements.
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