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1 Introduction

In RAN1#88 meeting, the following were agreed [1] related to NR-SS periodicity:
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]  
This paper will discuss NR-SS periodicity for both standalone and non standalone scenarios, including the default value and the update information to derive measurement timing/duration for UE etc.  
2 Discussion on NR-SS periodicity
A default SS burst set periodicity and a network indication of SS burst set periodicity had been agreed at last meeting for initial cell selection for NR cell. For the default SS burst set periodicity value, a down selection between 10ms and 20 ms is needed. 
Based on these above periodicities, the detection rate of SS and the BLER of PBCH are given in our companion contribution [2]. In our evaluation, all dropped users are assumed to detect SS and PBCH at the same time. If UE detects SS block successfully in the nth beam sweeping period, the cell search time is given by T*n (ms), where T is the beam sweeping period. The following beam configurations for sweeping are evaluated in both UMa scenario and Dense UMa scenario. Due to higher beamforming gain obtained by narrower beam sweeping, less number of beam sweeping periods is needed for successful cell search in both scenarios. 128 Tx beams and 8 Rx beams are assumed in a beam sweeping period. 

The required cell search time for different scenario is provided in following Fig. 1. For the 90th percentile in UMa with NLOS scenario, 90% users can acquire the cell successfully within 11 periods. For the 90th percentile in Dense Urban Macro with NLOS scenario, 90% users can acquire the cell successfully within 16 periods. The overhead is defined as the ratio of the number of OFDM symbols used for sweeping to the total number of OFDM symbols in one sweeping period. More detailed simulation assumptions can be found in [2]. 
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Fig. 1  Illustration of overhead&cell search time for 10 ms and 20 ms 
According to the evaluation results in Fig.1, it can be seen that the exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be determined with a tradeoff between the overhead and cell searching time. In addition, the RRM measurement requirement (e.g. measurement accuracy), gNB energy saving and the maximum number of supportable beams L should also be considered when determining the default periodicity value of SS burst set. 
For 20ms periodicity of NR-SS burst set, 90% user cell search time is less than 300ms in both UMa scenario and dense UMa scenario. It fully satisfies the requirement of detectable intra-frequency cell. In LTE, UE shall be able to identify a new detectable FDD intra frequency cell within 800ms [TS 36.133 8.1.2.2.1].  Meanwhile, the overhead brought by multiple beam based transmission in 20 ms case is half less than the case of 10 ms periodicity.  And from the viewpoint of gNB energy saving, a longer periodicity can significantly reduce gNB energy saving based on the same beam number. 
In addition, at last meeting, for frequency range category #B (e.g., 6 ~ 60GHz), no more than 128 SS-blocks within SS burst set was agreed. If we assume that OFDM symbol number is 14 in a subframe, the maximum number of supportable SS blocks/beams in one subframe will be only 3 based on the assumption of TDM for SS and BCH. To support more SS blocks in a SS burst set, a longer periodicity of SS-burst set is preferred especially for small SCS (e.g. 30 KHz etc.) at frequency range category #B.   
From the above analysis, we think that 20ms can be considered as the default periodicity of NR-SS. 
Proposal 1: 20 ms are recommended as the default NR-SS burst set periodicity. 

Based on this default SS burst set periodicity, both IDLE and CONNECTED UEs can finish the initial cell selection. And initial access signals including SS and broadcast channel with in a SS block are transmitted in an always-on manner. For multi-beam based approach, this manner will bring large overhead.  To reduce overhead, an updated periodicity can be adapted for fast synchronization access based on UEs’ actual requirement. 
In detail, a gradual on-demand transmission by beam (i.e. resource) ON/OFF can be considered as shown in Fig.2. In the figure, synchronization signals /MIBs/SIBs are transmitted in an always-on manner with a long term periodicity for both idle UEs and active UEs. These always-on SSs/MIBs/SIBS with long periodicity can be used to maintain essential synchronization and initial access procedure. In addition, based on the feedback about these always-on SSs/MIBs/SIBs from active UEs, the TRP can further turn on those preferable beams (i.e. resources) and transmit some on-demand SS(s) with short periodicity to serve those active UEs. These on-demand SS(s) may also benefit idle UEs and help them to finish initial access more efficiently. The un-detected beams (i.e. resources) are then turned off and not used in the updated short periodicity. For multi-beam based approach, on demand SS delivery based on UE’s beam discovery procedure can reduce overhead and achieve gNB’s energy saving.
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Fig. 2  Illustration of MBC procedure 
Proposal 2: Except for default SS burst set periodicity, adaptive shorter NR-SS burst set periodicity should be supported in NR.
As discussed in above section, the NR-SS should provide sufficient RRM measurement accuracy at least for idle mode UE.  In Fig 3, we provide the delta RSRP of NR-SS and we observe that when the periodicity of SS burst set reaches to 40ms, the delta RSRP is close to [-4.5, 4.5] dB for 95% samples, which is the upper bound of LTE measurement requirement. Thus we suggest to restrict the candidate periodicity values of SS burst set to be no more the 40ms to provide sufficient measurement accuracy for DL L3 mobility. And the detailed simulation can be found in Appendix. 
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Fig. 3  Illustration of RRM measurement results
Proposal 3: The candidate periodicity values of SS burst set should be no more than 40 ms to provide sufficient measurement accuracy for DL L3 mobility in both non-standalone and standalone scenario.
3 NR-SS periodicity in non-standalone scenario 
In non-standalone scenario, the LTE TRP can assist NR-TRP to finish the access procedure. This deployment is referred to as multiple connectivity operation. In this case, it is assumed that the UE has already achieved coarse synchronization to the LF-TRPs and been connected to LTE network. While considering that the time granularity on NR-TRP may be tinier, a refined synchronization on NR-TRP is needed to finish the symbol/subframe timing of NR-TRPs. 
In this non-standalone scenario, the indication of updated SS burst set periodicity can be signaled in LTE-PBCH for connected UE. According to the results of beam discovery, the duty cycle for synchronization signal and broadcast channel can be scalable accordingly. 
In Rel-13 LAA, due to the burst transmission of data, measurement duration was introduced to reduce UE’s detection complexity. This measurement duration is configured by eNB. For NR-SS burst set transmission, a similar characteristic exists for SS block transmission, thereby it will be also beneficial to configure measurement duration for UE’s NR-SS detection. At least in non-standalone scenario, an indication of information to derive the measurement duration/timing is necessary for NR-SS detection. And this measurement duration value can be less than NR-SS burst set periodicity. Alternatively, this information related to measurement duration can be indicated by LTE-PBCH in non-standalone scenario.  

Proposal 4: Adaptive NR-SS burst set periodicity and information to derive NR-SS measurement duration can be indicated in LTE-PBCH in non-standalone scenario.

4 NR-SS periodicity in standalone scenario
In this section, we discuss the indication of updated SS burst set periodicity information in standalone scenario.  

According to the results of beam discovery, the duty cycle for synchronization signal and broadcast channel can be scalable accordingly. In standalone scenario, the indication of updated SS burst set periodicity can be signaled in NR-PBCH for connected UE. And for idle UE, the indication of updated SS burst set periodicity can also be achieved by NR-PBCH. For example, it can be carried by NR-PBCH in a default SS burst set transmission. After acquisition of the updated SS burst set periodicity, UE can finish the detection of NR-SS based on this updated periodicity. 

Proposal 5: Adaptive NR-SS burst set periodicity can be indicated by NR-PBCH for both Idle UE and connected UE in standalone scenario.
5 Summary 
To support a flexible adaptation (on-demand) of the NR access signals, including PSS, SSS and PBCH, in this contribution we have proposed the following:
Proposal 1:  20 ms are recommended as the default NR-SS burst set periodicity.
Proposal 2:  Except for default SS burst set periodicity, adaptive shorter NR-SS burst set periodicity should be supported in NR.
Proposal 3: The candidate periodicity values of SS burst set should be no more than 40 ms to provide sufficient measurement accuracy for DL L3 mobility in both non-standalone and standalone scenario.
Proposal 4: Adaptive NR-SS burst set periodicity and information to derive NR-SS measurement duration can be indicated in LTE-PBCH in non-standalone scenario.

Proposal 5: Adaptive NR-SS burst set periodicity can be indicated by NR-PBCH for both Idle UE and connected UE in standalone scenario.
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Appendix A
Table 1. Link-level evaluation assumptions
	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C

· with delay scaling values of  30 ns for 30 GHz 

· ASA =15 degree, and ASD = 60 degree for  30 GHz

	FFT size
	128

	Subcarrier Spacing(s)
	60 kHz

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	UE speed
	3km/h

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 10 ppm


