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Introduction
In RAN1#88, NR SS periodicity was agreed as follows, 
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

RAN1 will continue discussion on candidate value(s) to be configured as SS burst set periodicity and measurement duration. RAN1 will also discuss on default value of NR-SS periodicity for 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 the SS block periodicity and its impact to the RRM measurements and UE cell search performance.    
Periodicity of SS Block and RRM Measurements

 The transmission of SS-blocks, which consists of NR-PSS/NR-SSS/NR-PBCH, is for UE to perform cell detection and measurement.  SS-burst is composed with one or more SS-blocks as shown in Figure 1.  SS-burst composes multiple SS-blocks to enable repetitive transmissions of SS-blocks in different direction for multi-beam configuration.  A SS-burst set consists of multiple SS-bursts to complete the beam sweeping of a coverage area.   For multi-beam configuration, it should be possible to transmit SS-blocks from same beam multiple times within one SS-burst.   The number of SS-bursts within a SS-burst set and the number of SS-blocks within a SS-burst would be determined based on the deployment scenario and operating frequency band.    For example, the number of SS-blocks within a SS-burst in the deployment scenario of beam sweeping in multi-beam configuration is determined by the number of beams and the DL/GP/UL configuration.  In order to complete sweeping the coverage area, each beam needs to have at least one SS-block transmission over the sweeping interval.   The number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.

Proposal 1:  The number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.
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[bookmark: _Ref471619861]Figure 1: Structure of NR synchronization signals
As discussed in [7],  the SS-burst periodicity needs to be less than 20 ms to allow the UE detect the NR-PSS/NR-SSS with high probability of detection at SINR= -6 dB with consideration the shadow fading cycle with ±8 dB standard deviation.  The periodicity of SS-burst for channel tracking should not be more than 10 ms to allow accumulation of NR-PSS/NR-SSS for SINR improvement.  It was agreed in RAN1#88 that RRM measurements for L3 mobility are based on the measurements on the always on signals

· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

The always-on signals, such as NR synchronization signals and DMRS of PBCH, are in the SS-block.  UE would assume the always-on signals in the same SS-block at each duty cycle to perform cell search, channel tracking, and RRM measurements for L3 mobility for single beam and beam sweeping scenarios. For low frequency band with smaller subcarrier spacing, the frequency tracking and estimation would have impact to the measurement accuracy.   For high frequency band with large subcarrier spacing, the sampling duration is in a few ns.   Timing tracking and estimation is critical to the accuracy of the RRM measurement.   The accuracy of RRM measurements heavily depends on the accurate time and frequency compensation from channel tracking results.  In LTE, the time and frequency tracking relies on CRS, which is continuous on every subframe with high density.    There is no CRS in NR.  Thus, the periodicity of the SS-burst set should not be long for both IDLE and CONNECTED mode in low and high frequency band.  The proposal that SS-burst set periodicity should be 5 for below and above 6 GHz.   

Proposal 2: SS-burst set periodicity should be 10 ms for below and above 6 GHz. 
The short periodicity of SS-burst set would allow fast cell search, reliable channel tracking and accurate RRM measurements.    Continuous SS-burst set transmission with short periodicity might have too much power consuming at gNB when the traffic is low.   For non-standalone NR deployment, it was agreed that network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible.   The SS-burst set periodicity was also agreed that NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration for CONNECTED and IDLE mode UEs. 	Network configures UE with one SS burst set periodicity information and information to derive measurement timing/duration.  The measurement duration is recommended to be shorter than configured periodicity e.g., 1, 5 or 10 ms.  The L1/L3 filtering for measurement across multiple periods is still allowed.   This allows the network to configure longer SS-burst set periodicity without compromising the measurement performance in certain deployment scenarios, such as fixed wireless or NR backhaul access.   A single set of SS-periodicity should be sufficient for UE-specific configuration in a given deployment scenario.   
Proposal 3:  A single set of SS-periodicity/duration should be sufficient for UE-specific configuration in a given deployment scenario.   

Conclusion
This paper discusses the periodicity of SS-burst set.  We propose the following,  
· Proposal 1:  The number of SS-bursts within a SS-burst set and SS-blocks within a SS-burst should be flexibly determined in the deployment.
· Proposal 2: SS-burst set periodicity should be 10 ms for below and above 6 GHz. 
· Proposal 3:   A single set of SS-periodicity/duration should be sufficient for UE-specific configuration in a given deployment scenario.    
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