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1 Introduction
RAN2 has discussed attributes including UE’s paging probability (similar to those in NB-IoT), mobility profile (e.g. stationary vs mobile) and power profile (e.g. plugged in or on battery) in the post RAN2-114bis-e email discussion. In the RAN2#115-e meeting, attributes converge to two suggested ones if UE assistance information is supported and basic agreement about the signaling from AMF to UE and between AMF and gNB(s) are made as follows:
· If RAN2 agrees to support UE assistance information to CN in support of Paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes.

· When AMF has assigned a UE with a Paging subgroup, some NAS signaling should be supported between AMF and UE to convey the related information to the UE. Exact information is FFS. The design and procedure are up to SA2/CT1.
· When AMF has assigned a UE with a Paging subgroup, some signaling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. Exact information is FFS. The message(s) and associated design are up to RAN3. 
RAN2 Discussed UE assistance information in email discussion Post115-e089e[1]. However, there is no consensus since some companies still have concerns about the benefits of UE assistance information. Besides, the further question about the signalling from UE to AMF still need to be studied.
In this contribution, we discuss details of UE assistance information such as benefits, determination of PCS level and penalty mechanism. Furthermore, we describe signalling of the Network controlled subgrouping procedure based on the proposed candidate characteristics.
2 Discussion 
Benefits of subgrouping with PCS

Although the CN assigns the subgrouping by NW implementation, static information like UE subscription or device type will limit the effect of the subgrouping mechanism. Many companies recognize the need for UE providing assistance information besides static information. Similar to UE assistance information introduced in Rel-16, if the UE provided the subgrouping related information, the network takes it into account when assigning the subgroup.
One of the enhancements for Rel-17 Power saving WI lies in the idle/inactive-mode power consumption in NR SA deployments, considering both eMBB UEs and Reduced Capability NR Devices. Thus, power status of the UE, i.e., Power Consumption Sensitivity (PCS), is naturally one of the most important factors to be considered when subgrouping UEs. Most companies understand the intention of PCS, but some doubt the benefits. The initial thinking for introducing PCS is to reduce the false alarm for power sensitive UEs, so that power sensitive UEs in idle/inactive are able to reduce their power consumption which is especially essential for them. By indicating whether power consumption sensitive UEs are paged, the “false alarm” rate of power consumption sensitive UEs could be reduced a lot. To be more specific, the power-sensitive UEs could be indicated in PEI that they can skip reading following Paging PDCCH to reduce false alarm. 
Observation 1: Compared with static information like UE subscription or device type, UE-reported assistance information (e.g. PCS) can improve the power efficiency of the subgrouping mechanism, especially for power sensitive UEs.
Based on the current agreement, PCS and paging probability are remaining candidates of UE assistance information. Considering paging probability and PCS, one example for the network-controlled grouping is given below. In terms of power consumption profiles, PCS level 1 means UE is quite sensitive to power consumption, PCS level 2 means UE is non-sensitive to power consumption. In terms of paging probability, three paging probability levels are considered: level 1 for more than 80%, level 2 for 10%~80%, level 3 for less than 10%. Network directly assigns UEs into subgroups by the network predefined subgroup categorization and indicates the grouping by PEI as shown in figure 1. In this case, UEs in subgroup #3 are power sensitive and rarely paged whose false alarm should be particularly reduced.
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           Figure 1. Network controlled subgrouping with PCS and paging probability
If the field #4 is set to be 1 and indications for other groups are all set to be 0, this PEI indicates that only UEs with PCS level 2 and paging pro. UEs with level 3 should monitor the following Paging PDCCH. So that power saving for other kind of UEs can be achieved. Especially, the power sensitive and rarely paged UEs in subgroup #3 could skip reading following Paging PDCCH. To provide UE-centric service, it is important to reduce the false alarm for these UEs whose power saving requirements are much higher.
Observation 2: Network controlled grouping with PCS can reduce the false alarm for the power sensitive UEs.
Observation 3: Network controlled grouping with both PCS and paging probability related input reduces the false alarm for the power sensitive UEs with low paging probability since the grouping refers to both paging probability and PCS.
Proposal 1: Support UE providing assistance information (e.g. PCS) to CN in support of Paging subgrouping assignment.
Determination of PCS level

The level of PCS can be determined based on UE’s power status/preference and the NW preconfigured or specified determination mechanism. To reduce the signalling overhead resulting from reporting PCS, frequent update of PCS level should be avoided. In another word, semi-static power status (e.g., remaining battery, plugged in or not, working time or leisure time) could be used to determine the PCS. Furthermore, considering the flexibility, multiple levels of PCS can be defined.
Observation 4: The PCS is determined based on UE semi-static power status/preference and multiple levels could be defined. 
Penalty mechanism

In the current paging mechanism, it is up to network implement when to paging one UE, i.e., gNB may delay the paging for one specific UE based on the traffic type. Thus, the power-sensitive UE may try to save its power at the expense of paging delay. In another word, when one UE report its PCS as high, it most values the power saving instead of the timely paging. So, we don’t think UE will always report the high PCS, since it’s paging delay will be prolonged. Thus, the reliability is not a big issue for the reported PCS information.
Observation 5: UE will not always report the high PCS level since it’s paging delay will be prolonged.
Signalling of CN-assigned UE Paging subgrouping
Another concern from companies is the heavy signalling burden brought by UE reporting assistance information. The legacy signalling between UE and CN should be reused to balance the signalling burden and the information timeliness. Registration procedures provides the required functionality to register a UE/user with the 5GS with four different types: Initial Registration, Mobility Registration Update, Periodic Registration Update and Emergency Registration. The procedure can be reused to send PEI assistance information. Thus, PEI assistance information can be carried in the initial Registration and these semi-static attributes can be updated if needed. For example, to avoid frequent subgrouping-related assistance information reporting, the up-to-date information about UE’s PCS can be sent along with the periodic Registration Update Procedure or Period Registration Update Procedure.

Proposal 2: Reuse Registration Request to send or update assistance information related to Paging subgrouping.
For power sensitive UEs, we have one basic working procedure with CN controlled subgrouping as shown in figure 2:


1. Registration Request (including PEI assistance information i.e. PCS)








3. Registration Accept (including Paging subgrouping ID)




                                           4. Registration Accept (including Paging subgrouping ID)
                                Figure 2. Signalling of CN-assigned UE Paging subgrouping
1. UE reports its assistance information (e.g., PCS) to the AMF in Registration request. Also, UE could update its assistance information related to Paging subgrouping by reusing Registration procedure.
2. CN performs the Paging group categorization based on the parameters including the PCS related information.
3. AMF informs UE about the assigned paging grouping by Registration Accept message with paging subgrouping ID. 
4. AMF informs gNB by N2 message carried the Registration Accept message with paging subgrouping ID.
The gNB utilizes the PEI to inform UE the information related to paging subgrouping, e.g., whether power consumption sensitive UEs are paged by paging early indication. UE decides whether it potentially be paged by checking the PEI based on the assigned paging grouping in step 3. For power consumption UE, only when indicated in the PEI, it will monitor the following PO(s) or receive PDSCH to check whether itself is paged.
Therefore, we propose that:
Proposal 3: RAN2 is kindly asked to discuss and agree the above signalling flow for CN-assigned UE Paging subgrouping.
3 Conclusions
In this contribution, we discussed subgrouping-related assistance information from UE and gNB. Subgrouping and signalling based on the above information. Following observations and proposals are made in this contribution:
Observation 1: Compared with static information like UE subscription or device type, UE-reported assistance information (e.g. PCS) can improve the power efficiency of the subgrouping mechanism, especially for power sensitive UEs.
Observation 2: Network controlled grouping with PCS can reduce the false alarm for the power sensitive UEs.

Observation 3: Network controlled grouping with both PCS and paging probability related input reduces the false alarm for the power sensitive UEs with low paging probability since the grouping refers to both paging probability and PCS.

Observation 4: The PCS is determined based on UE semi-static power status/preference and multiple levels could be defined. 
Observation 5: UE will not always report the high PCS level since it’s paging delay will be prolonged.

Proposal 1: Support UE providing assistance information (e.g. PCS) to CN in support of Paging subgrouping assignment.
Proposal 2: Reuse Registration Request to send or update assistance information related to Paging subgrouping.
Proposal 3: RAN2 is kindly asked to discuss and agree the above signalling flow for CN-assigned UE Paging subgrouping.
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