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Introduction
RAN1#87 made the following agreements on the periodicity of the SS burst set:
· 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


In this contribution we discuss further the SS burst set periodicity.
Transmission of SS Block
RAN1 has previously decided that SS Blocks are transmitted in SS Bursts and that a SS Burst Set may contain more than one SS Burst, see Figure 1 where:
· An SS Burst may contain up to N (the value of N is FFS) SS Blocks, but it may be shorter. 
· SS Blocks can be up to 80 ms apart (but may come more often, e.g. 40, 20, 10, or 5 ms)
The SS Block consist of a synchronization part containing NR-PSS/SSS and the NR-PBCH where the latter should be constant within the SS burst, allowing for both beam-sweeping (spatial repetition) and time-domain repetition (temporal repetition) in the same framework[1].
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[bookmark: _Ref470014120]Figure 1: Schematic picture of an SS Block Set contain up to M SS Bursts, each containing up to N SS Blocks.
When the SS Block is beam-swept, the UE will not be able to receive all SS-blocks and the UE needs to search for the SS Block for the duration of the SS Burst Set which is the period for the network to perform a full beam sweep. 
Network energy efficiency 
Network energy efficiency selected as one of thirteen technical performance requirements for IMT-2020 [2] to make networks environmentally friendly with the additional benefit of lower OPEX for operators through reduced energy bill, reduced need for backup generators, reduced need for cooling, etc. Additionally, reduced energy consumption will also allow the possibility of running base stations on solar power only, significantly extending deployments to remote areas.
Comprehensive energy efficiency evaluations are quite complex, as network energy efficiency to large extent is dependent on the system load in the network as well as equipment behaviour at both high and low loads. An example methodology is provided in [3][4]. A crucial part of that methodology are models of equipment power behaviour and energy consumption.
Equipment energy consumption is, however, to large extent a matter of implementation, and thereby outside the scope of the radio standard. Nevertheless, deeper analysis reveals that energy efficiency is primarily affected by two capabilities related to the standard:
1) transmitting efficiently when there is data to transmit, and
2) Limit transmissions when there is no data to transmit [4]. 
In particular (2) is important since this is the dominating state of the base station and sets the limits for how equipment sleep modes can be designed [5], which are crucial for low-energy operation and the (2) is also a significant par. 
Figure 2 shows an example of network energy consumption in an LTE network. As shown in the lower graph the energy consumption does not scale with the traffic load leading to very high static energy consumption. 
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[bookmark: _Ref471759651][bookmark: _Ref471759647]Figure 2: Example of network energy consumption in an LTE network. 
The problem with LTE energy consumption is that the CRS that prevents any efficient sleep mode is the base stations and NR should reduce the energy consumption overall and also make the energy consumption more load dependent. As shown in [5], even with 5 ms periodicity for SS burst set, the energy consumption with no load is still significant due to the sleep modes available at high periodicity have limited energy saving and by increasing the periodicity of the SS burst set to 80 ms, the energy consumption can be reduced by more than 75%.
[bookmark: _Ref471763583]Significant network energy savings can be achieved by having 80 ms default periodicity for the SS burst set helping to meet the technical performance requirements for IMT-2020
UE Impact
As already discussed in RAN1, the drawback of long periodicity for the is a potential increase in the time the UE spends searching a single frequency of the frequency raster delay in the UE accessing the cell when the UE no a priori information of the channel frequency used in the cell(“cold start”). Note that the energy consumption in the UE for initial access search will not be limiting, dues to the low power consumption associated with cell search[7], but rather the user perceived delay of the search.  
First of all, the “cold start” case happens rather rarely. In the vast majority of cases, the UE has information on the used frequency in the network when powered on. Therefore, too much emphasis should not be put on the “cold start” case.  
What matters for the is the total time it spends on each carrier searching for the NR-PSS/SSS, aka the dwell time, and the number of channel frequencies it needs to search.
As shown in [8], by improving the single-shot NR-PSS/SSS detection performance compared to LTE, the dwell time per frequency should be in the same order as for LTE.
As shown in [9], the cell search frequency raster in NR should be sparser to reduce the number of frequencies the UE needs to search. 
Good single-shot NR-PSS/SSS detection rate and sparser frequency raster for cell search will reduce the NR initial access cell search time
Impact on mobility
RAN1 is also discussing which signals to use for idle mode and connected mode mobility. As discussed in [10], the NR-PSS/SSS should only be used for measurements in idle mode mobility.  For connected mode mobility, where shorter periodicity might be needed, additional signals, mobility reference signals(MRS) can be added on a need basis maintaining the unloaded network energy consumption advantage provided by the sparse transmission of NR-PSS/SSS in time.   
Introduction of additional signals for connected mode measurements allows unloaded networks to fall back to low energy state transmitting only NR-PSS/SSS used for idle mode mobility measurements
Conclusion
During the discussion of SS burst set periodicity we made the following observations:
1. Significant network energy savings can be achieved by having default 80 ms periodicity for the SS burst set helping to meet the technical performance requirements for IMT-2020
Good single-shot NR-PSS/SSS detection rate and sparser frequency raster for cell search will reduce the NR initial access cell search time
Introduction of additional signals for connected mode measurements allows unloaded networks to fall back to low energy state transmitting only NR-PSS/SSS used for idle mode mobility measurements
Based on these observatioons we make the following proposal: 
Adopt 80 ms for the default periodicity of the SS burst set
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