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Introduction
In RAN1#87, the followings are agreed on SS periodicity related issues. 
Agreements:
· 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 contribution addresses the FFS points related to the potential possibility of configuring SS periodicity in CONNECTED mode. 
Discussions
The potential benefits related to updating the SS burst set period are mainly associated with network flexibility and network power consumption. Two relevant use cases of updating SS burst set period are identified. 
Case 1. Supporting network power saving: For network power saving, possibilities are to allow the network to transmit SS burst sets with a different value than the default value. In one such case (Case 1-1), the default periodicity is long, and the network configures a shorter periodicity for connected/idle UEs. In another such case (Case 1-2), the default periodicity is short, and the network configures a long periodicity for connected/idle UEs to save network power. 
Case 2. Supporting various number of initial-access beams for multi-beam sweeping: Different NR cells may need to support different number of beams, to cope with e.g., different cell sizes, and/or different number of TRPs in the cells. This may imply that the number of SS blocks comprising each SS burst set may need to be cell-specifically configured. Suppose that the NR specification supports four possibilities w.r.t. number of SS blocks comprising an SS burst set, 14, 28, 42 and 56. In a first alternative (Alt1), SS burst set periodicity is fixed in the NR specification, and the larger number of SS blocks are multiplexed within a fixed time window corresponding to the periodicity; this results in increased SS overhead. An alternative design (Alt 2) is to allow the network to scale SS burst set periodicity according to the number of SS blocks in each SS burst set; with this alternative, the network overhead kept the same regardless of how many SS blocks comprise an SS burst set. These three alternatives are illustrated in Figure 1, when an SS burst set comprises 4 SS bursts. In case of Alt 2, the differently configured SS burst set periodicity can be indicated by TSS (tertiary SS) multiplexed in each SS block. Suppose that the default SS burst set periodicity from a UE perspective is e.g., 5msec. Then if Alt 2 is adopted, the SS burst set periodicity may be updated to 5, 10, 15 or 20 msec, depending on the alternative and the choice the network has made on the number of beams (or SS blocks) to support. On the contrary, if Alt 1 is adopted, the SS burst set periodicity is always 5 msec. 


 
Figure 1. Alternatives to support multi-beam SS burst sets
These two cases may help network power saving and network flexibility, but UE power consumption and complexity also need to be carefully studied. The potential variability of SS burst set periodicity, regardless of whether the variability is small or large, is still likely to greatly increase UE’s complexity in initial cell search and in IDLE mode operation. According to the available results so far in our companion contribution [2] and legacy LTE, reliable physical cell ID detection requires multiple detection of PSS/SSS. 
In case 1-1, the default periodicity is long, and the periodicity can be updated with a shorter one for connected mode operation. One drawback is that it could result in long latency in UE’s detecting cell initially and decoding PBCH, when power accumulation is necessary. Another drawback is related to idle mode operation; if the periodicity update is cell specific, the UE needs to assume the long default periodicity for cell measurement after waking up from IDLE mode DRx sleeping, which requires UE to listen to the idle mode RS longer than currently allowed duration in LTE. This is likely to drain UE power quicker, and should be avoided. 
In case 1, UE in initial access does not know the updated SS burst set periodicity. In such a case, when UE performs coherent combining of SS over multiple SS burst sets assuming the default periodicity to accumulate sufficient power for reliable cell ID detection, the UE will ends up with not being able to detect the cell because the SS have not been transmitted on those resources the UE expected to receive the SS. 
In case 2, similarly, multiple hypothetical SS burst set periodicities is likely to result in high UE complexity in the initial physical cell ID detection. 
Having these discussions, the UE power consumption and complexity issues related to variable periodicity need to be carefully addressed before adopting configurable periodicity for SS burst sets, especially those cells that can be used for initial access and IDLE mode mobility. 
On the other hand, LTE has introduced small cell on-off with DRS functionality to facilitate network power saving and to improve cell-edge performance. The DRS has included PSS/SSS and CSI-RS/CRS, and hence the DRS functionality can also be discussed in the SS periodicity context. However, the UE cannot access the cells with DRS, as no PBCH is transmitted. It is our position that a similar functionality as LTE DRS should continue to be supported in NR, for those cells that are not used for initial access and IDLE mode mobility.
Conclusion
This contribution has reviewed UE side issues related to the configurable periodicity of SS burst sets and made the following proposals.
Proposals: 
· [bookmark: _GoBack]For cells that can be used for initial access and IDLE mode mobility, a single non-configurable periodicity for SS burst sets shall be assumed by UE.
· For cells that are not used for initial access and IDLE mode mobility, similar functionalities (e.g., configurable periodicity) as for LTE DRS need to be introduced.
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