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1	Introduction
In the UE PS WI, the topic of false alarm in paging is being discussed; examples scenarios suggest that scenarios with high false alarm rates may be common, especially in case of frequent paging escalations. [1] Group paging RNTIs, GP-RNTI, as well as grouping indication in the PDCCH have been proposed as a remedy. In this paper, we highlight the PDSCH sample collection issue that may render these mechanisms ineffective as  PS measures and propose an improvement that will increase their effectiveness. We note that the same mechanism can be applied in the conventional case of P-RNTI-based paging. 
[bookmark: _Ref178064866]2	Discussion
2.1 	Conventional and group paging 
Paging occasion (PO) monitoring accounts for a significant part of the UE power consumption in idle/Inactive modes. In Rel-15, all UEs are configured with the same P-RNTI and typically wake up to monitor PO in conjunction with every DRX cycle. If a P-RNTI PDCCH is detected, the UEs then need to decode the subsequent PDSCH to determine if they are paged. In case the UE is not paged, i.e. it is not present in the paging record in the PDSCH, this leads to a false alarm, which in turn leads to a waste of UE energy.
An important detail to note is that, when the K0 value indicating the distance between the paging PDCCH and PDSCH is not known, the UE has to remain ready to decode PDSCH until PDCCH is decoded and the UE becomes aware that it is not required to receive the PDSCH – either since PDCCH was not scrambled with P-RNTI in Rel-15 or since the UE is not the in the group which is being paged in the proposed group paging solutions. Therefore, the UE has to remain active and collect samples for possible PDSCH detection, to make sure it can receive it, should it turn out that it is necessary. 
Group paging approaches like P-RNTI (GP-RNTI) and group indication in PDCCH have been proposed as solutions to reduce the PO false alarm. However, we believe that group paging alone does not solve the UE energy consumption issue associated with false paging – although group paging leads to a lower rate of false paging and actual PDSCH decoding rate, the UE still needs to collect signal samples for possible PDSCH decoding. In order to enable reliable power savings, the UE needs to  obtain guarantees regarding the minimum gap between the PDCCH and the PDSCH, e.g. cross-slot (k0<1) or minimum-SLIV scheduling indications.
[bookmark: _Toc7687009]UE PS gains from group paging are minor unless the UE is guaranteed a minimum gap between the PDCCH and the PDSCH.

2.2 	Cross-slot scheduling for paging
In order to improve UE PS, an enhanced PO monitoring mechanism should be considered where the NW configures the UE to semi-statically expect cross-slot scheduling for PO monitoring, and thus the UE can go to light/microsleep after paging PDCCH reception, until it has completed PDCCH decoding and becomes aware whether it should decode the associated PDSCH or not. Furthermore, the UE may use a more power-efficient PDCCH monitoring receiver configuration if the cross-slot delay is sufficient for activating a (potentially more power-consuming) PDSCH reception receiver configuration 
The UE wakes up at each DRX cycle to monitor its PO. The UE has to decode the PDCCH to see if it should decode the paging PDSCH, e.g. based on whether the GP-RNTI of PDCCH matches its GP-RNTI, or using another grouping mechanism. If that is the case, it has to read the PDSCH to see if it includes its UE ID to make sure it has actually paged. 
To facilitate UE PS, the NW can configure the UE to expect cross-slot scheduling for PO monitoring. Then, the UE can remain in micro-sleep during PDCCH decoding; if the GP-RNTI does not match, the UE need not collect any PDSCH samples and can go back to deep sleep for another DRX cycle. 
The principal difference of same-slot (conventional) and cross-slot paging with non-zero K0 (e.g. K0=1) is indicated in Figure 1.

 
[bookmark: _Ref5027944][bookmark: _GoBack]Figure 1 An example of Cross-slot paging with GP-RNTI versus Conventional Paging.

Similar to connected mode cross-slot scheduling operation, the NW may inform the UE to expect cross-slot scheduling without specifying the K0 value -- the UE can be informed that e.g. minimum K0=1 and can it decide based on its capabilities if it can go to micro/light sleep during the guaranteed gap or not. This can be done, e.g. by excluding K0=0 from the list of possible values in PDSCH-ConfigCommon. A capable UE can go to micro-sleep after PDCCH monitoring. If, after PDCCH decoding, it becomes aware of K0=1, it has to wake up for PDSCH reception after one slot, or longer if K0 is larger. The NW can configure the UE for the described procedure during RRC configuration at the time of connection establishment, or use RRCReconfiguration to change the underlying setting, e.g. going back to same-slot, changing K0, etc. 
The cross-slot configuration discussed in this paper can also be applied to the conventional Rel-15 P-RNTI-based paging. Even in that case, the guaranteed gap obviates the needs for UEs to tentatively collect PDSCH samples before the PDCH decoding result is known.
[bookmark: _Toc7687011]Cross-slot scheduling mode can be indicated for paging monitoring, to enable efficient UE power saving both for false alarm reduction via group paging and for Rel-15 P-RNTI-based paging.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	UE PS gains from group paging are minor unless the UE is guaranteed a minimum gap between the PDCCH and the PDSCH.

Proposal 1	Cross-slot scheduling mode can be indicated for paging monitoring, to enable efficient UE power saving both for false alarm reduction via group paging and for Rel-15 P-RNTI-based paging.
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