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Introduction
A work item on UE Power Saving Enhancements for NR was approved in RAN#86 (Dec 2019, RP-193239), and the WID was further updated in RP-200938 (RAN#88, June 2020) [1]. One objective is about paging enhancements for idle/inactive-mode 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]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
In this contribution, we discuss the potential options for paging enhancements.
Discussion
Paging is used by the network to reach UEs in RRC_IDLE or RRC_INACTIVE state, to deliver page message and/or to notify the UEs system information change and ETWS/CMAS indications through Short Messages in the paging DCI.
A UE monitors one paging occasion (PO) per paging DRX cycle. For each UE, the paging frames and the paging occasion within a paging frame is determined based on the UE_ID (based on 5G-S-TMSI for idle-mode UE or I-RNTI for inactive-mode UE) and paging related configuration parameters. A PO can consist of a set of monitoring occasions corresponding to different beams in multi-beam operations, and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
From UE power consumption point of view, as shown in Figure 1, for each paging occasion, 
1. The UE needs to wake up in advance to achieve the require level of synchronization accuracy. How much time in advance and the exact procedures a UE follows before PO reception heavily depends on UE implementation and most likely also depends on UE RF condition. That is, a UE in a poor RF condition may need to wake up earlier than a UE in a good RF condition, in order to achieve sufficient synchronization. In case the UE needs to wake up before-hand to monitor multiple SSBs, the UE may go into light sleep between SSB monitoring. 
2. The UE does PDCCH blind decoding, and determines whether there is a paging DCI.
3. If a paging DCI is successfully decoded and it indicates that there is paging message carried in PDSCH, the UE decodes the PDSCH accordingly.
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[bookmark: _Ref47472648]Figure 1 UE power consumption for monitoring a paging occasion
There can be different enhancements targeting for power saving in different steps in Figure 1. The following three options can be further considered:
Option 1: UE grouping within a PO
Typically a large number of UEs share the same PO. These UEs wake up to monitor the same paging DCI. If one UE within the group gets paged, the paging DCI indicates that there is a paging message, and all the UEs within the same PO need to decode PDSCH, even though all the other UEs do not have a paging message directed to them. This is also called paging false alarm. The larger the number of UEs sharing the same PO is, the larger the paging false alarm rate is. Even though the number of UEs sharing the same PO can be reduced by configuring a larger N and Ns, the paging efficiency will also be reduced.   
UE grouping within a PO intends to reduce the number of UEs in a group, and it can reduce the paging false alarm rate or unnecessary PDSCH decoding. If there is separate indication for each group in the paging DCI, explicitly or implicitly, only the UEs belonging to the group(s) with positive indication need to decode PDSCH. From power saving point of view, it saves UE power from some unnecessary PDSCH decoding.
Option 2: cross-slot scheduling for paging PDSCH
The motivation for introducing cross-slot scheduling for paging PDSCH is similar to that of cross-slot scheduling for connected UEs, that is, to unnecessary reduce PDSCH buffering. In case the probability that a UE detects a paging DCI in a PO is relatively small, this could provide some power saving.
Option 3: wake-up signal (WUS) for a PO
A wake-up signal can be especially attractive for the case where a UE needs to wake up a long time in advance for synchronization purpose for a PO reception. The concept is very similar to the WUS for connected-mode UEs introduced in Rel-16, or WUS in NB-IoT. If a UE receives a wake-up signal with negative indication, it does not wake up in the corresponding PO. Otherwise, it continues with the normal procedure for PO reception. For the paging cycles with negative wake-up indication, the UE does not need to perform the long-time synchronization that consumes a significant amount of power, or the paging PDCCH/PDSCH decoding.
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[bookmark: _Ref47478522]Figure 2 Illustration of 3 potential options for paging enhancements
The 3 options are illustrated in Figure 2. The exact power saving that can be provided by different options depends on the various assumptions regarding paging modeling such as group paging rate (the probability that a UE receives a paging DCI), the false alarm rate. The power saving of these options should be evaluated further.

Proposal: Consider the following options for paging enhancements for idle/inactive-mode UEs:
· Option 1: UE grouping within a PO
· Option 2: cross-slot scheduling for paging PDSCH
· Option 3: wake-up signal for a PO
Conclusion
In this contribution, we discussed the potential paging enhancements to save power for idle/inactive-mode UEs and proposed the following:
Proposal: Consider the following options for paging enhancements for idle/inactive-mode UEs:
· Option 1: UE grouping within a PO
· Option 2: cross-slot scheduling for paging PDSCH
· Option 3: wake-up signal for a PO
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