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1 Introduction

In RAN1#87, the following were agreed [1] related to NR-SS periodicity:
· 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
This paper will discuss NR synchronization signal design for beam based initial access including the SS burst set construction and SS burst set periodicity etc.  
2 Discussion on NR-SS Periodicity
The access scheme in NR should be designed to cover different scenarios, and for TRPs/UEs of different categories or capabilities. For multi-beam directional access in high frequency, the number of required beams in a cell may be huge. Initial access signals may be transmitted using multiple different beams in the spatial domain, with the signal content (prior to beamforming) being simply repeated in the time domain. Clearly, the transmission overhead increases with the number of required beams in the cell.
Always-on transmission of initial access signals (e.g. PSS, SSS and PBCH signals) incurs large overhead especially for multi-beam based method. To minimize the overhead and satisfy the access requirement, on-demand SI transmission had been agreed in RAN2 and bursty transmission of PSS, SSS and/or PBCH had also been agreed in RAN1 #86bis. Thereby, the design of on-demand initial access signals is especially desirable in RAN1.
As shown in Fig. 1, a SS burst set may include one or more SS burst(s), and a SS burst further comprise by one or more SS block(s). PSS, SSS and/or PBCH signals may be transmitted within a SS block. 
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Fig. 1   An illustration of SS burst set based transmission 
For beam based initial access, multiple SS blocks may be needed in one SS burst set to support beam sweeping. Due to different beamforming capabilities (e.g., analog beamforming, hybrid beamforming and digital beamforming) of the TRP and different scenarios, the number of sweeping beams, the desired angular width to be covered and the angular width of each beam could be different for different TRPs. To this end, the designed NR SS burst set structure should flexibly adapt to the resources (i.e., number of SS blocks) for SS transmission according to the beamforming capabilities and coverage requirements. 
For example, the TRP may implement the beamformed SSs using T (T ( N) SS block(s) per SS burst (set), where N is the maximum number SS blocks per SS burst (set) which may be pre-defined in the specification. The actual number of occupied SS blocks T can be TRP specific according to its beamforming capability and detailed scenarios. These actual value of T is not necessarily to be known by the UE, as the same synchronization and cell search procedure (e.g., sliding window) can be adopted. 
Given the actual number of occupied SS blocks T at the TRP, some sweeping beams (i.e. resources) can further be adaptively set at on or off state according to the results of beam (i.e. resource) discovery. It is noted that beam discovery is very similar with small cell discovery (cell ON/OFF) in LTE. An active UE resolves the preferred resources e.g., resource 2 and 4 and report them to TRP. Based on this feedback, resource 2 and 4 are turned on for on-demand SSs/MIBs/SIBs transmission and resource 1, 3 and 5 are unused and so turned off. This scheme can achieve the efficient control of overhead and interference.
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Fig. 2 Illustration of On-demand SIB delivery 
From UE perspective, SS burst set transmission is periodic. A default periodicity of SS burst set transmission for a given carrier frequency had been agreed at last meeting. Considering that different requirements under different assumptions/use cases in NR, at least two periodicities for SS burst set transmission should be considered. For example, a long default periodicity can be defined for idle UEs’ mobility and initial access. And a shorter updated periodicity can be defined for fast synchronization access based on UEs’ requirement. The un-detected resources are then turned off and not used in short periodicity. 
According to the results of beam discovery, the duty cycle for synchronization signal and broadcast channel can be scalable accordingly. The updated SS burst periodicity information can be signaled in the PBCH for both Idle UE and connected UE.
Proposal 1: A configurable periodicity (at least 2) of SS burst set for connected and Idle UE should be supported in NR. The periodicity can be indicated in the PBCH for both Idle UE and connected UE.

As discussed in above, the design of on-demand initial access signals is desirable in RAN1. According to the above updated SS burst set periodicity, flexible adaptation for beam based PSS, SSS can be achieved. In detail, a gradual on-demand transmission by beam (i.e. resource) ON/OFF can be considered, which is named MBC (Multiple Beamforming for Control) as shown in Fig.3. 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.
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Fig. 3  Illustration of MBC procedure 
Proposal 2: Concurrent but different (more than 1) periodicities can be configured i.e. a long default periodicity and another updated periodicity on per need basis.
3 Evaluation on NR-SS Periodicity

In this section, we discuss the candidate periodicity values of SS burst set and give the evaluation results and corresponding analysis.  
Similar with aggregation level of control channel candidate, the value of the shortest periodicity of SS burst set, e.g. X ms can be defined to give a baseline for multiple candidate periodicities settings. Each candidate periodicity satisfies the integer multiples of the shortest periodicity of SS burst set. For single beam based approach, 5ms periodicity for SS in LTE can be reused especially for the case of sub 6G.  From a unified framework perspective for single beam based transmission and multiple beam based transmission, 5 ms can be regarded as the lowest periodicity of SS burst set. And the other candidate periodicities can be set as the integer multiples of 5ms. Take for an example, all candidate periodicities can be 5ms (i.e. X), 10ms, 20ms, 40ms, 80 ms, 100ms etc.  

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. 
· Option 1: 16 Tx beams and 8 Rx beams. 
· Option 2: 32 Tx beams and 8 Rx beams.
· Option 3: 64 Tx beams and 8 Rx beams. 

· Option 4: 128 Tx beams and 8 Rx beams. 

The required cell search time for different number of beams is provided in following Table 1. For the 90th percentile in UMa with NLOS scenario, 90% users can acquire the cell successfully for Option 3 and Option 4 within 11 periods. For the 90th percentile in Dense Urban Macro with NLOS scenario, 90% users can acquire the cell successfully for Option 3 and Option 4 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]. 
Table 1 Comparison between option 3 and option 4 (Option 3/ Option 4)

	Period [ms]
	5
	10
	20
	40
	80
	100

	90% users cell search time in UMa (NLOS only) [ms]
	55/15
	110/30
	220/60
	440/120
	880/240
	1100/300

	90% users cell search time in Dense Urban Macro (NLOS only) [ms]
	75/25
	150/50
	300/100
	600/200
	1200/400
	1500/500

	Overhead
(subcarrier spacing 60kHz)
	12%/48%
	6%/24%
	2.8%/11.2%
	1.4%/5.6%
	0.7%/2.8%
	0.6%/2.4%


According to the evaluation results in Table 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) should also be considered when determining the periodicity value of SS burst set. For example, 40ms can be considered.
Based on this long default periodicity, a configurable periodicity value which is no more than this long periodicity can be further determined. 
Proposal 3:  A long default periodicity of SS burst set can be determined with a tradeoff between the overhead, cell searching time and RRM measurement requirement.
4 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: A configurable periodicity (at least 2) of SS burst set for connected and Idle UE should be supported in NR. The periodicity can be indicated in the PBCH for both Idle UE and connected UE.

Proposal 2: Concurrent but different (more than 1) periodicities can be configured i.e. a long default periodicity and another updated periodicity on per need basis.
Proposal 3: A long default periodicity of SS burst set can be determined with a tradeoff between the overhead, cell searching time and RRM measurement requirement.
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