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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].
[bookmark: _GoBack]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 issue of false paging and some mechanisms to address them.
Discussion
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]The purpose of paging is to allow the network to reach UEs in RRC IDLE/INACTIVE states, through Paging Message. Also, in addition for UEs in RRC IDLE/INACTIVE/CONNECTED states the network would use as Short Message to indicate system information change or ETWS/CMAS indication. Both the Paging Message and the Short Message are addressed with P-RNTI, with the Paging Message sent on PCCH and the Short Message sent on the PDCCH directly. 
In 5G NR, the UE is configured with a specific UE_ID (5G-STMSI / I-RNTI) based on whether the UE is in RRC IDLE or RRC INACTIVE state, to help the UE to derive at a Paging Frame and a Paging Occasion where it is expected to receive a page from the Network. Since the number of Paging Frames and Paging Occasion are limited, it is possible that multiple UEs would end up monitoring the same Paging Occasion in expectation of a Network initiated page.
Observation 1: Due to the many to one mapping nature of the UE_ID based Paging Frame and Paging Occasion computation, and the limited number of actual Paging Frames and Paging Occasions, many UEs would end up monitoring the same Page Occasion. 
When the Network initiates a page to an IDLE UE, the Core Network initiated paging is done within the purview of a Registration area, which is assigned to the UE by the AMF during the initial Registration procedure. A Registration area comprises of a set of Tracking areas, with each Tracking area consisting of one or more cells to cover a given geography. 
When the Network initiates a page to an INACTIVE UE, the RAN initiated paging is done within the purview of a RAN Notification area, which is configured to the UE by the last serving NG-RAN node. A RAN Notification area can be across multiple cells, but all contained within a core network Registration area.
In the absence of clear cell level information of where the UE is located, in legacy paging mechanisms,  Networks would have to start with a given Tracking area / RAN Notification area, with an intent to reach the UE, and progressively increase the scope of Paging by repeating it across a bigger geography, if it did not receive any response from the intended UE for its previous paging attempt.
Observation 2: Networks would try to increase the Paging area scope to include additional areas if the previous paging attempt was unsuccessful. This will lead to lot of potential false alarms for the other non-intended IDLE/INACTIVE UEs. 
With high device densities forecasted for 5G-NR, it would be reasonable to assume that lot many more devices would monitor the same Paging Occasion and hence it is imperative that an efficient paging strategy should be in place with an intent to do targeted paging to the intended device with minimum impact to other non-intended devices.
Observation 3:  An optimal paging strategy is important to ensure good power KPI metrics for the entire system, and the UE in particular.
As seen from the current paging architecture, to reduce the paging false alarm probability, networks would need to 
· Know more accurately the current location of the IDLE/INACTIVE UE that it wishes to page, with an intent to reduce the paging geography scope and prevent the need for increasing the paging geography scope due to a previous unsuccessful page
· Map a smaller number of UEs per Paging Occasion, with an intent to reduce the number of associated UEs that would be unintentionally be woken up while trying to deliver a page to the intended UE.
Observation 4: Network knowledge of UE location at a cell level and reduced mapping of number of UEs per Paging Occasion would help to reduce the false paging probability.
To help the Network be updated with the current cell level location (within a Tracking Area or a RAN Notification Area), UE can potentially signal to the network the change of cell, during IDLE/INACTIVE mode mobility. To keep the additional signalling load reasonable, such signalling can be accumulated over a pre-configured number (N) of cell changes, as determined by the network. The additional signalling can be done using a UE specific reference signal or a UE initiated light weight RACH procedure.
Proposal 1: UE can inform the Network of cell changes using UE specific reference signal or a UE initiated light weigh RACH procedure. This can be configured for either every cell change or for every N cell changes, which is determined by the network.
Additionally UE can indicate its mobility status change (stationary/non-stationary) and/or its mobility route to the network, with which the network can derive the optimal set of cells to page the UE
Proposal 2: Additional indication from the UE in terms of its mobility state and route can be used to determine an optimal set of cells for MT paging from the network.
Conclusion
[bookmark: _Toc242573361]Observation 1: Due to the many to one mapping nature of the UE_ID based Paging Frame and Paging Occasion computation, and the limited number of actual Paging Frames and Paging Occasions, many UEs would end up monitoring the same Page Occasion. 
Observation 2: Networks would try to increase the Paging area scope to include additional areas if the previous paging attempt was unsuccessful. This will lead to lot of potential false alarms for the other non-intended IDLE/INACTIVE UEs. 
Observation 3:  An optimal paging strategy is important to ensure good power KPI metrics for the entire system, and the UE in particular.
Observation 4: Network knowledge of UE location at a cell level and reduced mapping of number of UEs per Paging Occasion would help to reduce the false paging probability.
Proposal 1: UE can inform the Network of cell changes using UE specific reference signal or a UE initiated light weigh RACH procedure. This can be configured for either every cell change or for every N cell changes, which is determined by the network.
Proposal 2: Additional indication from the UE in terms of its mobility state and route can be used to determine an optimal set of cells for MT paging from the network.
Reference
[1] RP-193239 – New WID – UE Power Saving Enhancement – RP#86 Sitges, Spain, December  9 – 12, 2019
