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Introduction
Rel.17 power saving enhancement work item [1] was updated and agreed in RAN plenary #88e meeting.
The working scope includes the following objectives:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



This contribution discusses the potential enhancement for TRS/CSI-RS occasions for idle/inactive-mode UE power saving.

Discussion
Background
When staying in the RRC INACTIVE/IDLE mode, UE needs to periodically monitor paging in accordance with DRX cycle and perform neighbouring cell measurements and cell (re-)selection. Both operations require UE to track the SSBs for time and frequency domain synchronization. 
In particular, for paging monitoring, each time after transiting from a deeper sleep mode, a UE processing chain starts typically from SSB tracking, and then detecting PDCCH in the monitoring occasions in the UE’s own PO of PF. As described in [TS38.304 V16.1.0], the PO is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
Therefore, to “lock” an SSB and SSB index for accurate T/F synchronization and beam tracking, UE needs to wake up one or several SSB periodicities before its PO, depending on the UE channel condition. Figure.1 briefly illustrates how long a UE needs to stay active or micro-sleep after waking up from a deeper sleeping mode.
[image: ]                                  Figure.1 UE active time illustration for paging PDCCH monitoring

Observation 1: Due to only relying on SSB for time/frequency synchronization and beam tracking, UE needs to wake up one or several SSB periodicities before starting to detect paging PDCCH in the monitoring occasions of the PO. 

Regarding the gap between SSB bursts and the first PDCCH monitoring occasion of PO, it depends on the periodicity of SSB, DRX periodicity, paging cycle and nAndPagingFrameOffset (which determines the Paging Frame number within a paging cycle and the offset) configuration. As all the parameters of SSB and paging were not designed in a coherent way, for different UEs, the gap can be varying, which can be as large as one SSB periodicity. 
Observation 2: As the parameters for SSB and paging do not share same periodicity and are configured independently, the gap between SSB and paging can be possibly large and makes UE wake up further earlier before monitoring paging.

Potential enhancement
For power saving purpose, one crucial factor learned from Rel.16 study and discussion is that it is effective by reducing UE active time and making UE wake up duration as short as possible.
As illustrated in the previous sub-section, the room to optimize for RRC INACTIVE/IDLE mode UE would be to reduce the UE active time that is needed for the paging monitoring.
Directly increasing SSB density may work to make UE wake up later and consequently reduce UE active time and thus power consumption reduction. However, that will lead to higher system overhead and inter-cell interference, which would be the limiting factors for this intuitive solution.
Therefore, additional TRS/CSI-RS occasions can be supplementary for better time/frequency synchronization and beam tracking for QCL channel estimation. It comes with less overhead and the inter-cell interference is also easier to handle.
Proposal 1: For RRC INACTIVE/IDLE mode UE, new TRS/CSI-RS occasions can be studied to enhance the synchronization and beam tracking before paging monitoring.
With better synchronization and beam tracking performance, UE could reduce the number of SSB burst reception and thus shorten the active time before starting monitor paging PDCCH. For this purpose, how the additional TRS/CSI-RS is configured and the appropriate location should be further studied.
Proposal 2: To shorten the UE active time for paging monitoring, the additional TRS/CSI-RS location in time and frequency domain and how to configure should be studied.
On the other hand, it is also possible that the on/off of additional TRS/CSI-RS itself indicates/triggers paging PDCCH reception i. Although such design could be used, UE's periodic frequency/time tracking performance can be influenced as UE's periodic frequency/time tracking may skip some resource when no paging PDCCH is sent. How often UE requires periodic frequency/time tracking is up to UE implementation depending on the accuracy of local oscillator and UE velocity.
Proposal 3: The influence/interaction with UE's periodic frequency/time tracking should be checked for additional TRS/CSI-RS.

Conclusion
Based on the discussion, the following observations and proposals are highlighted: 
Observation 1: Due to only relying on SSB for time/frequency synchronization and beam tracking, UE needs to wake up one or several SSB periodicities before starting to detect paging PDCCH in the monitoring occasions of the PO. 
Observation 2: As the parameters for SSB and paging do not share same periodicity and are configured independently, the gap between SSB and paging can be possibly large and makes UE wake up further earlier before monitoring paging.
Proposal 1: For RRC INACTIVE/IDLE mode UE, new TRS/CSI-RS occasions can be studied to enhance the synchronization and beam tracking before paging monitoring.
Proposal 2: To shorten the UE active time for paging monitoring, the additional TRS/CSI-RS location in time and frequency domain and how to configure should be studied.
Proposal 3: The influence/interaction with UE's periodic frequency/time tracking should be checked for additional TRS/CSI-RS.
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