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In the last RAN1#NR Ad-Hoc meeting, the following agreements were made regarding SS burst set periodicity [1]:
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 analyse the candidate default SS burst set periodicity against number of SS Blocks.  
  
Discussion
According to the working assumption in RAN1#86bis: 
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’ and
· One or multiple ‘SS block(s)’ compose an ‘SS burst’ and
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
Further, it was agreed in RAN1#87 that SS burst set transmission is periodic from UE perspective. Figure 1 illustrates the arrangement on SS Blocks, SS Bursts and SS Burst sets where 
· TSS_Block is the duration of SS block transmission and
· There are K SS bursts within a SS burst set and
· There are NSS_Block number of SS blocks within a SS Burst set period TP_SS_Burst_set.
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[bookmark: _Ref473019173]Figure 1 Illustration of SS Blocks, SS Bursts and SS Burst sets
Assuming a target overhead of X%, the SS burst set periodicity can be expressed as 


Assuming further that one SS Block occupies one OFDM symbol, SS burst set periodicity can be expressed alternatively as a function of subcarrier spacing, Δf, as

The SS Burst set period against the number of SS blocks is plotted in Figure 2 for different subcarrier spacing values being considered in NR and a target overhead of 5%. Note that in LTE, 8 PSS (or SSS) signals are transmitted in one system broadcast cycle of 40 ms. Therefore, in the analysis it is assumed that . In the figure, horizontal lines indicate candidate SS Burst set periodicities agreed in RAN1#NR Ad-Hoc.

Observation 1: For a given candidate SS Burst set periodicity, larger number of beams (hence larger antenna array) can be supported if the subcarrier spacing is increased.  

It is reasonable to assume that at least NR single-beam design would be similar to LTE design for the case < 3 GHz. In that case “SS Burst set” can be considered to be synonymous with LTE “system broadcast cycle”. An SS Burst set periodicity of 40ms is able to support 16 SS Blocks for carrier frequencies  <  6GHz and candidate subcarrier spacings of 15 kHz, 30 kHz and 60 kHz. 

In a multi-beam design, it may be assumed that all the beams can be swept and decoding of broadcast channel can be attempted within a single “SS burst set”. However, beam sweeping in time will increases the required number of SS Blocks within the SS burst set. An SS Burst set periodicity of 40ms or higher is able to support the worst case of 192 SS Blocks/beams for carrier frequencies > 6GHz and candidate subcarrier spacings of 120 kHz and 240 kHz.

Although shorter SS Burst set periodicity of less than 40ms is possible at least with higher subcarrier spacing above 6 GHz, the network (NW) energy consumption especially at no load could be still high as the NW needs to broadcast SS Bursts although there are no active UEs in the NW [2]. Longer SS Burst set periodicity may increase the cell discovery time of UE, especially in the worst case of UE searching cell with no prior information. Therefore SS Burst set periodicity should not be too long.

Proposal 1: The SS Burst set periodicity may be predefined to comprise one or multiple intervals of 40ms.  
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[bookmark: _Ref473036300]Figure 2 SS Burst set periodicity against number of SS blocks for different subcarrier spacing values and a target overhead of 5%.   
  
Conclusion
In summary, we analysed the candidate default SS burst set periodicity against number of SS Blocks. We observe and propose the following:

Observation 1: For a given candidate SS Burst set periodicity, larger number of beams (hence larger antenna array) can be supported if the subcarrier spacing is increased.  
Proposal 1: The SS Burst set periodicity may be predefined to comprise one or multiple intervals of 40ms.  
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