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1. Introduction
In RAN1#88, the following agreements were reached regarding periodicity of SS burst set transmission:
	Agreements on SS periodicity for Stand-Alone Cells:
· 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

· 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]  

Agreements on SS periodicity for Non-Stand Alone cells:
· 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



In this contribution we further discuss periodicity of synchronization signals. The yellow highlighted text are open issues for SS periodicity. The teal highlighted text are that imposes certain restrictions that require further discussions.  

2. Synchronization Signal Block Burst Set Periodicity
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[bookmark: _Ref471735600]Figure 1. Relationship between SS Block and SS Burst Set Period
The current agreements of the synchronization signal periods supports a periodic transmission of synchronization signals. In such periodic transmission, the synchronization signals form a SS block. Multiple SS blocks form a SS burst set, where the SS burst set repeats indefinitely. The two repeated SS blocks is separated by the SS burst set period. Figure 1 shows an illustrative relationship between SS block, SS burst set period.
Default SS burst set periodicity for initial cell selection
The cell detection performance using NR PSS/SSS is provided in our companion contribution [1]. It shows that for initial cell selection and also for neighbor cell detection, non-coherent accumulation of the detection results plays an important role in getting reliable results even at -6 dB Es/Iot environments. This implies that the longer the default SS burst set periodicity, the longer it will take for the UE to detect cells and perform measurements. For these reasons, we propose to use default periodicity of 10ms for both frequency range #A and #B.
Proposals:
· NR should support default SS bursts set periodicity of 10ms for both frequency range #A and #B..

Single vs. Multiple periodicity
Neighbor cell search is one of the most computationally complex procedures running at the UE side. This task becomes especially difficult when there is no any prior information about the network neighborhood around the UE, e.g., so-called ‘cold boot’. Therefore, in order to simplify the UE implementation, the number of hypotheses considered by the UE during initial cell search should be minimized as much as possible. However, the possibility to have multiple values for the default periodicity within a given carrier frequency further complicates the initial cell search for the UE. Moreover, the UE should maintain multiple buffers to store the detection metrics corresponding to each periodicity value. To reduce the complexity, multiple default periodicities within a given carrier frequency should be avoided.
It is expected that future UE devices will support inter-RAT mobility between NR and LTE. In order to leverage LTE measurement gaps, it is recommended to have the default periodicity of SS burst transmission in NR at least for below 6 GHz the same as in LTE, i.e., 5 ms. It should be noted that enhanced measurement gaps introduced in Rel-14 have smaller gap window than 6 ms. It should be further study how we can achieve smaller measurements gaps for NR as well. At the very least, small periodicity does not introduce any additional latencies for the UEs operating in LTE networks during the inter-RAT measurements of NR cells.
Proposal 1:
· In NR, a single value for the default periodicity of SS burst is used for a given carrier frequency.


Default SS burst set periodicity for when network assistance information is not available
	In RAN1 #88, the default SS burst set periodicity for CONNECTED and IDLE mode users, when the network assistance information is not provided was agreed to be 5 ms. However, this had slightly different implications that, cells in a particular frequency layer that do not provide assistance information will transmit SS block with 5 ms periodicity, while the UE performing initial cell selection performs SS detection assuming the SS block is transmitted with 10 ms periodicity. This is a mis-match of the periodicities being used by the network, which may potentially cause issues with SS detection algorithm, as well as RSRP measurements. Therefore, we propose to align the default SS burst set periodicity for CONNECT and IDLE mode users that are not provided with network assistance information and the default SS burst set periodicity for initial cell selection.
Proposal 2:
· Same “default” periodicity assumption is used by the UE for initial cell selection, and UEs in CONNECTED and IDLE mode that are not provided network assistance information of the configured SS burst set periodicity.
· For CONNECTED and IDLE mode users, if the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 10 ms as the SS burst set periodicity.

Candidate configured SS burst set periodicity for CONNECTED/IDLE mode users and NSA cells
	The candidate set of configured SS burst set periodicity for CONNECTED/IDLE mode users and NSA cells were left for further investigation and the values suggested for study were [ 5, 10, 20, 40, 80, and 160 ] ms. We believe the signaling for SS burst set periodicity configuration should be consistent for UEs in CONNECTED/IDLE mode, as well as for UEs accessing non-standalone (NSA) cells. Furthermore, based on cell detection performance shown in [1], having a too large SS burst set periodicity may impose issues in cell detection and RRM measurements. For example, RRM measurements for LTE is expected to perform measurements with units of 200 ms cycles. With 160 ms SS burst set periodicity, there may be only single instance of the SS block within the 200 ms window. This may have negative impact to the RSRP accuracy for cell selection. Therefore, we propose to remove the 5 ms (to align with proposal 1 and 2), and 160 ms periodicity from the SS burst set periodicity configuration.
Proposal 3:
· In NR, supports configuration of SS burst set periodicity of [10, 20, 40, and 80] ms. The set of periodicity values shall be chosen from a range between 10 ms and 100 ms.


3. Summary
In this contribution, some aspects related to the periodicity of synchronization signals was clarified. The following proposals were made.
Proposal 1:
· In NR, a single value for the default periodicity of SS burst is used for a given carrier frequency.

Proposal 2:
· Same “default” periodicity assumption is used by the UE for initial cell selection, and UEs in CONNECTED and IDLE mode that are not provided network assistance information of the configured SS burst set periodicity.
· [bookmark: _GoBack]For CONNECTED and IDLE mode users, if the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 10 ms as the SS burst set periodicity.

Proposal 3:
· In NR, supports configuration of SS burst set periodicity of [10, 20, 40, and 80] ms. The set of periodicity values shall be chosen from a range between 10 ms and 100 ms.
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