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Introduction
In RAN1 NR Ad Hoc, SS periodicity was discussed with the following agreements, 
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

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 [4],  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 NR Ad Hoc that RRM measurements for L3 mobility are based on the measurements on the always on signals

· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded

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 5 ms for below 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.   Continuous SS-burst set transmission might create a hurdle for future.  Thus, it would be useful to have ON/OFF period of series of SS-burst sets as shown in Figure 2.   Series of SS-burst sets are transmitted in an ON period.  There will be an OFF period of SS-burst sets.  UE will have search a window length of one ON/OFF period to confirm the presence of the NR network.  Series of SS-burst set ON/OFF period would allow network to perform ON/OFF for power saving purpose, interference management, and forward compatibility.   

Proposal 3:  NR should support ON/OFF period of series of SS-burst sets transmission for network power saving, interference management and forward compatibility.
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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 5 ms for below for below and above 6 GHz. 
· Proposal 3:  NR should support ON/OFF period of series of SS-burst sets transmission for network power saving, interference management and forward compatibility 
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