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1 Introduction

In RAN Plenary #88 e-meeting, one objective of the WID for R17 power saving is,

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

In this contribution, we focus on aspect b) and discuss providing TRS/CSI-RS occasions for idle/inactive UEs in R17 power saving.  
2 Discussion
In current spec, TRS/CSI-RS is configured for UE in RRC connected mode and can be used for time-frequency tracking, CSI computation, L1 RSRP computation and mobility measurement. It is configured by UE dedicated signaling but multiple UEs can share the same CSI-RS configuration.
To support power saving in idle/inactive mode, additional TRS/CSI-RS will be provided for UE in idle mode. On one hand, it can facilitate time-frequency synchronization and RRM measurement to reduce UE wake-up time. For example, when the time gap between the nearest SSB and the monitored paging occasion (PO) is long (10ms can be a typical value for the mentioned time gap), UE has to wake up for a long time to monitor one or more SSBs and then monitor the PO. Having additional TRS/CSI-RS before PO would largely reduce the wake up time to, e.g. 1 ms, for idle UE monitoring the PO. On the other hand, TRS/CSI-RS before PO can act like WUS signal, i.e, if there is short message or paging message in the PO, gNB will send TRS/CSI-RS before the PO to inform UE to start monitoring PO. Otherwise, gNB won’t send TRS/CSI-RS nor paging DCI/PDSCH. So if UE can’t detect TRS/CSI-RS before WUS, it will consider the PO with no short message or paging, thus unnecessary monitoring of the PO can be avoided.
Observation 1: Additional TRS/CSI-RS before PO can facilitate time-frequency synchronization and RRM measurement to reduce UE wake-up time, as well as acting like WUS.
To further enhance power saving, similar solution as the grouping WUS in NB-IoT can be studied. For example, for UE corresponding to the same PO, multiple groups can be divided, and different groups map to different TRS/CSI-RS sequences. With grouping WUS, false alarm rate can be reduced, and the increase of group number will promote the effect of power saving. 

Proposal 1: Group-based WUS signal using TRS/CSI-RS should be studied. 
Previous TRS/CSI-RS configurations for UE in RRC connected mode are mostly not directly applicable to the idle/inactive mode, since related parameters like time/frequency domain resource, antenna ports, power settings, scramble ID and so on are UE specifically configured. To enable idle UE monitoring, the additional TRS/CSI-RS configuration should be cell/beam common, be it specified explicitly or notified by broadcasting, so that it can be known by idle UE.     
Proposal 2: How to configure the additional TRS/CSI-RS configuration should be further studied.
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Observation 1: Additional TRS/CSI-RS before PO can facilitate time-frequency synchronization and RRM measurement to reduce UE wake-up time, as well as acting like WUS.
Proposal 1: Group-based WUS signal using TRS/CSI-RS should be studied. 
Proposal 2: How to configure the additional TRS/CSI-RS configuration should be further studied.
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