[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #112 electronic                                        R2-2009878
Online, November 2nd-13th, 2020

Agenda item:		8.9.2
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Source:		Lenovo, Motorola Mobility
Title:		       Consideration on Idle/inactive-mode UE power saving
Document for:		Discussion and Decision
1. Introduction
[bookmark: Proposal_Beacon]Based on R17 UE power saving WI RP-200938 as in [1], the following objective is included,
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 #102e meeting
In this contribution, we mainly provide an analysis on the paging enhancement to reduce unnecessary UE paging receptions based on UE grouping. The paging grouping method and the grouping rule for UE(s) are further discussed in the paper.
2. Discussion
As pointed out in [2], more than one UE may monitor the same Paging Occasion (PO), the UE will finally determine to trigger the RA procedure based on its UE-ID listed in the paging record, which can cause unnecssary paging decoding for the UE without its UE ID in the paging record. In order to avoid the unnecssary paging decoding, the UE could be divided into several groups, as discussed in [3]. Accordingly the UE may monitor for its UE paging group ID information indicated by the paging enhancement procedure using e.g. some of the below four options. If its group ID is indicated by the procedure, it will decode the paging message and depending on the detailed solution also the corresponding paging DCI, otherwise it will skip the paging decoding procedure to save power. 
· Option1: Multiple P-RNTI based grouping, each combination of UE group(s) is associated to a P-RNTI
· Option2: DCI based grouping
· Option3: Using different time/frequency resources for each UE paging group
· Option4: Paging early indication or wake-up signal (WUS) for UE subgroups
For above four options, companies have given their preference in [3]. For option.1, a mapping between a combination of UE groups and a P-RNTI is introduced. For example, if there are two UE groups defined, each combination of the two UE groups, i.e. in total four combinations indicating whichof the UE groups are being paged,  will be associated to a P-RNTI.  UE has to descramble the paging DCI with the four potential P-RNTI(s) in order to find which of the paging groups are being pagedby the network. The number of UE groups is log2(N), where N is the number of P-RNTI. The option2 could only indicate maximum 6 groups since the maximum number of reserved bits in the paging DCI  is 6. The option.3 seems complex, and the DCI or CORSET for paging also will be extended to include all the subgroups in extreme case. In NB-IOT, the maximum number of UE groups based on WUS(wake up signal) is 32 for eMTC UE and 16 for NB-IOT UE, so we think option.4 could support the maximum group size compared with other options. In order to utilize more groups to reduce the unnecessary paging decoding, the method of option.4 combined with other options could be considered, the final decision can only be made based on RAN1 evaluation.
Proposal1: From the view of reducing the false alarm rate for paging, the network could configure the method of paging early indication or wake-up signal (WUS) for UE subgroups combined with other option(s) to increase the number of UE paging groups. The final decision can only be made based on RAN1 evaluations showing the achievable power saving gains.
For UE, how to group the UE into a dedicated group is associated to the UE grouping rule. In email dicussion[3], UE-ID based grouping rule has been considered as a baseline, where UE group ID could be equal to the value of mod(UE-ID, the number of UE groups), this method could make UE grouped randomly. However, based on this method, it is unavoidable that the UEs with low paging probability and UEs with high paging probability will be in the same group, which may lead to a situation where UE(s) with low paging probability t receive a false  paging alarm and hence unnecessarily  decode the paging message if the UE with high paging probabiity is paged, resulting in an increased power consumption. Thus, the paging probability based grouping as in NB-IOT WUS may be also beneficial to NR UE power saving, the difference is the UE group ID is indicated by above paging enhanced options or their combination. However, the final decision only be made based on RAN1 evaluations.
Proposal2: The paging probability-based grouping could be used to group UE for power saving if the RAN1 evaluation show its benefit.
The network needs to extend the paging area to multiple cells if the UE in idle/inactive mode moves to other cells from the cell UE was connected to previoulsy , then the other UE in the same group and in the same paging area has to decode the paging message. It will introduce the unnecessary paging decoding to those UE in the extended area even in the TA. The method to group UEs depending on their location/mobility, i.e. one or more dedicated groups for UE not located in the last used cell or not located in a set of cells preconfigured by network, could be considered. By this way, the unnecessary paging decoding by paging extension could be limited to UEs in some dedicated groups. 
Proposal3: It can be considered to group UEs based on their location/mobility, i.e, UEs not located in the last used cell or not located in a set of cells preconfigured by NW could be allocated to one or more dedicated paging group to reduce the false paging alarm rate by paging extension.
3. Conclusion
In this contribution, the issues on paging enhancement method and the grouping rule are discussed, we have the following proposals:
Proposal1: From the view of reduce the unnecessary paging decoding, the network could configure the method of paging early indication or wake-up signal (WUS) for UE subgroups combined with other option to increase the number of UE paging groups. The final decision can only be made based on RAN1 evaluations.
Proposal2: The paging probability-based grouping could be used to group UE for power saving if the RAN1 evaluation show its benefit.
Proposal3: It can be considered to group UEs based on their location/mobility, i.e, UEs not located in the last used cell or not located in a set of cells preconfigured by NW could be allocated to one or more dedicated paging group to reduce the false paging alarm rate by paging extension.
4. References 
[bookmark: _Ref28939630]RP-200938, “Revised WID UE Power Saving Enhancements for NR”, MediaTek Inc, June 29 - July 3, 2020.
38.840, “Study on User Equipment (UE) power saving in NR”.
“Report of email discussion [Post111-e][907][ePowSav] UE grouping”, MediaTek Inc, 2 – 13 November 2020.
2

