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Introduction
[bookmark: _Toc242573354]In continuation of the R16 work done for NR UE Power Saving, it was proposed to consider further enhancements for this work item in R17 scope. The details of the WI objective are captured in [1].
One of the topics to be considered for this is covered as part objective 1.a in section 4.1 of [1] related to paging enhancements for IDLE/INACTIVE UEs.
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]
In this paper, we present the usage of a potential wake up signaling for IDLE/INACTIVE page reception and some mechanisms to address them.
Discussion
As detailed in our other contribution [2] , the current paging design leaves room for lots of false paging occasions wherein the UE is required to wake up in one PO per paging cycle for potential paging reception, even though there is no actual paging transmission for that UE. This would impact the UE power performance in RRC IDLE/INACTIVE mode, as much UE power is consumed for paging monitoring compared to the power spent in an actual successful page decode. 
As an example for an INACTIVE UE with a TCP connection, in the DL the TCP server would send a keep alive message every 60 seconds. With an INACTIVE DRX of 1.28 seconds, it is clear that the UE is going to receive an actual intended page only during 2% of the time, while the remaining 98% of the time, the UE is going to wake up only to go back to sleep again without any useful page decode.
Observation 1: Current Paging wakeup cadence of once every IDLE DRX results in numerous null paging occasion for the UE, and leads to unnecessary power consumption, which can potentially be avoided.
One way to avoid the UE to unnecessarily wakeup its full receive chain, is to use a wake up signal (similar to what was used in RRC CONNECTED mode for R16 NR UW Power Save WI) for Idle mode page indication. This new indication can either be a reference signal or a L1 control channel that the UE is expected to monitor, at a pre-determined offset before each paging occasion. The wake up signalling is used to control the PDCCH reception and the subsequent PDSCH reception.
Proposal 1: Using a wake up signal mechanism for IDLE/INACTIVE mode paging would help to eliminate the need of full wakeup for null paging.
In cases when the UE does not receive the wake up signal, UE can revert back to normal IDLE/INACTIVE page monitoring, or can follow a default operation (of wake up or sleep) as configured by network signalling.
Proposal 2: Actions due to failure to decode the wake up signal can be defined to ensure that the UE and Network are in sync with respect to the actual paging occasion.
The wake up signal can potentially be overloaded to provide additional information to help the UE take an informed decision of whether it wants to go ahead and receive the impending PDCCH and therefore subsequent PDSCH . The wake up signal can either have an explicit indication of such information or use different wake up signal resources to implicitly indicate the paging reason. Different type of information indicated in the wake up signal include but not limited to Voice, Data, Non-3GPP access, Paging origination source (RAN or CN), Slice specific information originating the page etc.
Proposal 3: Wake up signal can be overloaded to provide additional information to help the UE to decide whether it wants to proceed with the impending PDCCH decode.
The additional information for example Voice, Data, Paging origination source (RAN or CN) to help the UE to decide whether to decode the paging PDSCH can also be carried as part of the Paging DCI.
Proposal 4: The Paging DCI can carry additional information to help the UE to decide whether it want to proceed with the impending PDSCH decode.
Conclusion
[bookmark: _Toc242573361]Observation 1: Current Paging wakeup cadence of once every IDLE DRX results in numerous null paging occasion for the UE, and leads to unnecessary power consumption, which can potentially be avoided.
Proposal 1: Using a wake up signal mechanism for IDLE/INACTIVE mode paging would help to eliminate the need of full wakeup for null paging.
Proposal 2: Actions due to failure to decode the wake up signal can be defined to ensure that the UE and Network are in sync with respect to the actual paging occasion.
Proposal 3: Wake up signal can be overloaded to provide additional information to help the UE to decide whether it wants to proceed with the impending PDCCH decode.
Proposal 4: The Paging DCI can carry additional information to help the UE to decide whether it want to proceed with the impending PDSCH decode.
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