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In this contribution, we provide a summary of contributions under AI 8.9.2 on idle/inactive-mode UE power saving. The summary mainly covers UE subgrouping for paging, and also includes other paging enhancement methods, but excludes contributions about TRS/CSI-RS information. We first summarize companies’ proposals for different issues, and then propose agreements and discussion topics during the e-meeting.  
Discussion
Summary of Companies’ Proposals
1.1.1 UE subgrouping for paging enhancements
	1. How to sub-group UEs?

Direct network assignment 
· QCOM (R2-2102680)
· Core network assigns UE’s paging subgroup
· UE has the same paging subgroup assignment for both RRC Idle and RRC Inactive
· OPPO (R2-2102733)
· Network should be able to indicate whether the current cell supports network-assigned grouping.
· Intel (R2-2102865)
· Either RAN or CN assigned UE subgroup
· Proposed procedure in R2-2102871
· Xiaomi (R2-2103149)
· Network assigned subgroup ID “can be considered”
· Concerns about how to keep the same subgrouping across gNBs
· MediaTek, CMCC (R2-2103258)
· Prefers CN assigned UE group; open for discussion
· Draft reply LS to RAN1 in R2-2103259
· CMCC (R2-2103724) 
· Consider power consumption sensitivity (PCS) in NW assigned grouping
· Nokia (R2-2103369)
· CN assigns the UEs into different subsets and UEs within each subset are uniformly distributed into different subgroups based on UE_ID;
· RAN decides the total number of subgroups and number of subgroups for each subset;
· Ericsson (R2-2103772)
· RAN2 to discuss CN-based grouping
· Apple (R2-2103833)
· Grouping may be assigned by CN or RAN

Paging probability
· Vivo (R2-2102856)
· Xiaomi (R2-2103149)
· Probability scheme can be considered
· Lenovo (R2-2103396)
· ZTE (R2-2103443)
· Huawei (R2-2103585)
· RAN is responsible for grouping
· Sony (R2-2103591)

UE_ID based grouping
· Samsung (R2-2102704)
· OPPO (R2-2102733)
· As default
· Vivo (R2-2102856)
· CATT (R2-2102919)
· UE_ID “only”
· Xiaomi (R2-2103149)
· LG (R2-2103363)
· Nokia (R2-2103369)
· RAN level, used to select a subgroup from a subset assigned by CN
· Lenovo (R2-2103396)
· ZTE(R2-2103443)
· May have UE_ID assignment based on paging probability
· Huawei (R2-2103585)
· Sony (R2-2103591)
· CMCC (R2-2103724)
· Ericsson (R2-2103772)
· UE_ID is a RAN-level grouping method
· Interdigital (R2-2103975)
· UE_ID “only”; not supporting other methods
RAN/CN paging differentiation
· Samsung (R2-2102704)
· indicating presence of only RAN paging
· Huawei (R2-2103585)
· Apple (R2-2103833)

Mobility Indicator
· Ericsson (R2-2103772)

Summary: 19 company contributed on the topic of how to group UEs
· 14 companies support UE_ID based UE subgrouping. Among them 2 companies think UE_ID is the only method, while other companies think additional grouping methods can be considered. 
· [bookmark: _GoBack]9 companies support (or can consider) network-assigned UE subgrouping. Among them 4 companies prefer CN assigned subgrouping, while others think we can discuss CN vs. RAN assigned subgrouping, or did not specify their preference.
· 6 companies support (to consider) UE subgrouping based on UE paging probability.
· 3 companies think we can distinguish between RAN vs. CN paging.
· 1 company considers mobility indicator.

2. Paging indication for UE subgroups

Using PEI/WUS
· QCOM (R2-2102680)
· Samsung (R2-2102704)
· DCI for early paging indication
· Vivo (R2-2102856)
· APT (R2-2103266)
· LG (R2-2103363)
· Carrying information in short message
· Nokia (R2-2103368)
· One PEI should be able to indicate multiple POs
· At least 8 subgroups are supported per PO
· Sony (R2-2103591)
· SSS-based
· APT (R2-2103266)
In paging DCI
· QCOM (R2-2102680)
· Samsung (R2-2102704)
· Paging DCI
· Ericsson (R2-2103773)
· With cross-slot scheduling
· APT (R2-2103266)

Summary: 8 company contributed on the topic of how to indicate paging for each UE subgroup. 
· 8 companies think the paging indication for UE subgroups is carried in PEI/WUS
· 4 companies think the paging indication for UE subgroups can be carried in paging DCI 


1.1.2 Other paging enhancements
	DRX cycle for monitoring paging
· Samsung (R2-2102705)
· UE monitors paging with UE-specific DRX cycle, if the UE-specific DRX cycle is longer than the default DRX cycle.
· Huawei (R2-2103587)
· Reducing the number of PO(s) to be monitored for power saving is considered if the UE specific DRX cycle is longer than the default DRX cycle.
Cross-slot scheduling
· Ericsson (R2-2103773)
· QCOM (R2-2103960)
Paging re-attempt indicator
· Huawei (R2-2103587) 
· Reduce unnecessary repeated paging reception caused by previously missed paging.
Precise paging area determination
· Huawei (R2-2103587)
· UE to report stay cell information for more precise paging area determination.
Summary: 7 company contributed on other paging enhancements
· 2 companies mentioned DRX cycle, both suggested that UE monitors paging with UE-specific DRX cycle, if the UE-specific DRX cycle is longer than the default DRX cycle.
· 2 companies mentioned cross-slot scheduling for paging message.
· 1 company mentioned paging re-attempt indicator.
· 1 company mentioned precise paging area determination.


Proposed agreements and discussion topics
First of all, no matter how UEs are grouped, network and UE should have the same understanding of the group each UE belongs to, based on UE grouping information provided by the network (the content of such UE grouping information will be further discussed).
Proposal 1:	Network and UE should have the same understanding of the subgroup each UE belongs to, based on UE subgrouping information provided by the network.
Many companies support UE grouping methods that consider the characteristics of individual UEs (i.e. not only randomization based on UE_ID), although the solutions are diverged. There is also a good support for UE subgrouping based on UE_ID, which provides pure randomization.
Proposal 2:	RAN2 to confirm that UE subgrouping may be based on individual UE characteristics. UE subgrouping may also be based on UE_ID, as a pure randomization.
Then we shall have discussions for detailed solutions. 
UE grouping with individual UE characteristics
The first issue to discuss is who generates UE subgrouping information. Companies’ contributions suggest that this may be done by either CN or RAN.
Proposal 3:	RAN2 to discuss whether UE subgrouping information is generated by CN or RAN.
Then we shall discuss how UE subgrouping information is provided to UE. This may depend on where the UE grouping information is generated. For example, if UE grouping information is generated by CN, it may be provide to UE via NAS message; if UE grouping information is generated by RAN, it may be provide to UE via RRC Release upon UE leaving connected-mode.
Proposal 4:	RAN2 to discuss how UE subgrouping information is provided to UE.
UE subgrouping information provided by the network tells UE how to determine the subgroup it belongs to. According to companies’ contributions, UEs may be grouped by different criteria (e.g. paging probability, power consumption sensitivity, etc.). The UE subgrouping information may carry these criteria and related rules, and let UE determine its groups. Alternatively, The UE subgrouping information may carry simply the group IDs, i.e. grouping is left for network implementation.
Proposal 5:	RAN2 to discuss if there a need to restrict the grouping to only consider a certain criterion (e.g. paging probability), or can this be left for network implementation. 
UE_ID based grouping
RAN2 needs to discuss how UE_ID is used for subgrouping, when it is the only subgrouping method, and when UEs are also grouped based on network assigned UE subgrouping information.
Proposal 6:	RAN2 to discuss how UE_ID is used for subgrouping, when it is the only subgrouping method, and when UEs are also grouped based on network assigned UE subgrouping information.
Paging monitoring behavior with UE grouping
If network configures UE subgrouping, after determining its paging subgroup, UE needs to know how to monitor paging. Companies’ contributions mentioned UE subgroup indication in PEI and in paging PDCCH; the former brings more power saving gain, while the latter allows UE subgrouping even without PEI. 
Proposal 7:	RAN2 to discuss whether paging group is indicated in PEI, paging PDCCH, or both (whether subgrouping is applicable when PEI is not configured).
Other issues
RAN1 sent a LS [1] for paging enhancement. The LS [1] mentioned the considered numbers of UE subgroups per PO, and the requirement should be discussed in RAN2. Also we need to prepare reply LS, capturing RAN2 conclusions about UE subgrouping for paging enhancement.
Proposal 8:	RAN2 to discuss the required number of UE subgroups per PO.
Proposal 9:	Send reply LS to RAN1, capturing RAN2 conclusions about UE subgrouping for paging enhancement.
If time allows, we can also discuss other paging enhancements (as summarized in Sec. 2.1.2).
Proposal 10:	RAN2 may discuss paging enhancements other than UE subgrouping. 
Conclusion
This contribution summarize the proposals for paging enhancements in AI 8.9.2, RAN2#113bis-e. We also suggest some agreements and topics for online discussion.
Suggested agreements
Proposal 1:	Network and UE should have the same understanding of the subgroup each UE belongs to, based on UE subgrouping information provided by the network.
Proposal 2:	RAN2 to confirm that UE subgrouping may be based on individual UE characteristics. UE subgrouping may also be based on UE_ID, as a pure randomization.
Suggested discussion topics 
Proposal 3:	RAN2 to discuss whether UE subgrouping information is generated by CN or RAN.
Proposal 4:	RAN2 to discuss how UE subgrouping information is provided to UE.
Proposal 5:	RAN2 to discuss if there a need to restrict the grouping to only consider a certain criterion (e.g. paging probability), or can this be left for network implementation. 
Proposal 6:	RAN2 to discuss how UE_ID is used for subgrouping, when it is the only subgrouping method, and when UEs are also grouped based on network assigned UE subgrouping information.
Proposal 7:	RAN2 to discuss whether paging group is indicated in PEI, paging PDCCH, or both (whether subgrouping is applicable when PEI is not configured).
Proposal 8:	RAN2 to discuss the required number of UE subgroups per PO.
Proposal 9:	Send reply LS to RAN1, capturing RAN2 conclusions about UE subgrouping for paging enhancement.
Proposal 10:	RAN2 may discuss paging enhancements other than UE subgrouping. 
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