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1. Introduction
In this contribution, we share some consideration on the solutions to reduce unnecessary paging reception for power saving purpose.
2. [bookmark: _Toc12718547]Discussion
In our understanding, the paging reception in the following cases can be considered as unnecessary:
· Case 1: Reception of PDCSH when there is no paging message.
· Case 2: Reception of paging DCI and/or paging message when the paging is targeting another UE.
· Case 3: PDCCH monitoring when there is no paging DCI or paging message transmitted from network side.
For case 1, the stopPagingMonitoring indication [1] introduced in Short Message in NR-U WI can be considered to reduce reception of PDSCH when there is no paging message.
For case 2, some assistance information about the paging record can be provided in advance. For example, the assistance information can be provided in short message or paging DCI or even before PO.
For case 3, a wake up signal before PO can be considered. In R16 power saving WI, a new DCI format 2_6 is introduced with CRC scrambled by PS-RNTI (DCP) which contains the wakeup indication as well as SCell dormancy indication if configured. If the DCP indicates “wake up”, UE will start the on duration timer and monitoring PDCCH, otherwise UE will stay asleep. In R15 and R16 NB-IOT, there has been some discussion on WUS and GWUS [2]. In GWUS, UE are divided into several groups based on the paging probability/UE ID and each group is associated with a GWUS sequence. UE will monitor the GWUS before monitoring the paging DCI and paging message. The GWUS provides a wake up indication as well assistance information (i.e. UE group information) about the paging record and only UE in the targeting group will continue to monitor the paging DCI and paging message.
Similarly, a (G) WUS based on DCI or sequence can be considered to indicate whether there is paging DCI or paging message transmitted from network side.
Based on the above analysis, some potential solutions can be summarized in the following figure:



Figure 1. Potential solutions to reduce unnecessary paging reception
As shown in the above figure, if a paging indication is introduced before PO, it can indicate whether there is paging from network side so that UE can decide to wake up or stay asleep. Some assistance information for the paging record can also be included and only the related UE will continue monitoring the paging DCI and paging message. Furthermore, if there is only system information modification indication or warning message indication in the Short Message, such indication can also be moved into the paging indication before PO so that UE can go to sleep after receiving the indication without monitoring the paging PCI.
If a paging indication is introduced in paging DCI or short message, it can further indicate the assistance information for the paging record or the presence of the paging message to reduce paging reception for some non-target UEs or for the case when no paging message is included.
In general, with a paging indication before PO indicating the presence of paging/paging message, assistance information of the paging record as well as the system information modification indication/warning message indication, a lot of UE can avoid paging reception in the PO, which may have more power saving again compared to the paging indication in paging DCI or short message. On the contrary, much effort is required in RAN1 to design a DCI based or sequence based paging indication before PO while adding assistance information for the paging record or indicating presence of paging message in paging DCI could be done in RAN2 without much RAN1 impact.
Proposal 1: RAN2 to decide whether to introduce a paging indication before PO or introduce assistance information in paging DCI or Short Message to reduce unnecessary paging reception.
Proposal 2: If a paging indication before PO is introduced, down select from the following candidate assistance information to be included in such indication:
· Presence of paging
· Presence of paging message
· Assistance information for the paging record (e.g. the group information of the paged UE)
· systemInfoModification and etwsAndCmasIndication
Proposal 3: If no paging indication before PO is introduced, the following information can be introduced in paging DCI or short message:
· Presence of paging message;
· Assistance information for the paging record (e.g. the group information of the paged UE).
The presence of paging or paging message requires one or two bits while the size of the assistance information for the paging record is closely related to what kind of information we would like to include.
For example, UE can be divided into different groups based on: (1) paging probability (2) UE identity and the group information can be included in paging indication before PO or inside paging DCI. There are 6-8 reserved bits in paging DCI and 4 bits in the Short Message, which limits the number of UE groups if the group information is included in paging DCI or Short message. If we decide to introduce the sequence or DCI based paging indication before PO, evaluation on the required signaling overhead for such assistance information should be performed and the results should be provided to RAN1 to help design the paging indication.
Proposal 4: If the assistance information for the paging record is included in paging indication before PO or in the paging DCI, the maximum size of such information should be evaluated and an LS should be sent to RAN1 to inform the results.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Proposal 1: RAN2 to decide whether to introduce a paging indication before PO or introduce assistance information in paging DCI / Short Message to reduce unnecessary paging reception.
Proposal 2: If a paging indication before PO is introduced, down select from the following candidate assistance information to be included in such indication:
· Presence of paging
· Presence of paging message
· Assistance information for the paging record (e.g. the group information of the paged UE)
· systemInfoModification and etwsAndCmasIndication
Proposal 3: If no paging indication before PO is introduced, the following information can be introduced in paging DCI or short message:
· Presence of paging message;
· Assistance information for the paging record (e.g. the group information of the paged UE).
Proposal 4: If the assistance information for the paging record is included in paging indication before PO or in the paging DCI, the maximum size of such information should be evaluated and an LS should be sent to RAN1 to inform the results.
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