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1. Introduction

At the RAN1#86bis and #87 meetings, PHY layer aspects related to initial access and mobility for NR were discussed and RAN1 made following agreements related to NR-SS periodicity [1-3].
	Agreements (#86bis):
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

Agreements (#87):
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption
Agreements (#87):
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modes
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth


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. Discussions and evaluations on other NR-SS design aspects such as subcarrier spacing, bandwidth, multiplexing and sequence design are shown in our companion contributions [4-5].
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. It means that NR cell supporting standalone access needs to transmit SS burst set with the default periodicity or shorter. For the exact value of the default periodicity of SS burst set transmission for a given carrier frequency, there would be mainly two directions.

· Direction 1: applying 5 ms as default periodicity

· Direction 2: applying longer periodicity than 5 ms (e.g., 40 ms or 100 ms) as default periodicity

Each direction i.e., periodicity value would have its pros and cons as described below.
· 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.
· Measurement gap length in LTE is 6 ms which is defined based on 5 ms periodicity of LTE-PSS/SSS. If NR-PSS/SSS periodicity is longer than 5 ms, NR-PSS/SSS may not appear within measurement gap in some case. Then, new longer measurement gap in LTE or coordination between LTE and NR would be necessary so that NR-PSS/SSS can appear within measurement gap. It may have a big impact on LTE operation.
· 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.
· 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 and measurement performances. 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. Anyway, one-shot detection performance of NR-SS will be improved from that of LTE-SS thanks to wider bandwidth and so on.
In our view, although longer periodicity of NR-SS with sufficient one-shot detection/measurement performance is attractive design direction in terms of network energy saving and overhead reduction, possible issue regarding inter-RAT NR measurement and possible impact to LTE operation should be carefully considered.
In addition, latency requirements on NR-SS detection/measurement for IDLE mode UE should also be discussed to investigate exact value of the default periodicity.
Observation 1: Applying longer periodicity than 5 ms as default periodicity of SS burst set is attractive in terms of network energy saving and overhead reduction as long as one-shot detection/measurement performances for NR-SS are sufficiently high.

Observation 2: Applying longer periodicity than 5 ms as default periodicity of SS burst set may cause an issue regarding inter-RAT NR measurement and possibly corresponding impact to LTE operation.

Proposal 1: Applying longer periodicity than 5 ms as default periodicity of SS burst set should be carefully studied.
2.2. Update of SS burst set periodicity
As argued in previous section, NR cell supporting standalone access needs to transmit SS burst set with the default periodicity or shorter, otherwise UE performing initial cell selection may miss the cell. If default periodicity of SS burst set is relatively long e.g., 40 ms or 100 ms, it is beneficial to inform updated shorter periodicity of SS burst set to UEs at least in CONNECTED mode since network may require fast and accurate reporting for inter-cell RRM measurement in CONNECTED mode.
On the other hand, for IDLE mode UEs, it may be difficult to find clear use-case and motivation for updating SS burst set periodicity since the exact value of default periodicity may be designed considering IDLE mode operation and requirements. Therefore, further study is necessary on whether UE in IDLE mode can be provided with updated information regarding SS burst set periodicity or not and how to realize it.
Proposal 2: At least UE in CONNECTED mode can be provided with updated information regarding SS burst set periodicity of serving cell and/or neighbor cells by the network.
3. Conclusion 

In this contribution, we discussed on SS periodicity for NR, especially about default periodicity of SS burst set assumed by UE at least for initial cell selection.
 We made the following observations and proposals. 

Observation 1: Applying longer periodicity than 5 ms as default periodicity of SS burst set is attractive in terms of network energy saving and overhead reduction as long as one-shot detection/measurement performances for NR-SS are sufficiently high.

Observation 2: Applying longer periodicity than 5 ms as default periodicity of SS burst set may cause an issue regarding inter-RAT NR measurement and possibly corresponding impact to LTE operation.

Proposal 1: Applying longer periodicity than 5 ms as default periodicity of SS burst set should be carefully studied.
Proposal 2: At least UE in CONNECTED mode can be provided with updated information regarding SS burst set periodicity of serving cell and/or neighbor cells by the network.
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