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1 Introduction
After lots of discussions, in the last RAN2#113bis-e meeting, RAN2 confirm that 
· If we go for network controlled subgrouping, If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).

· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EU  1TRA, possibly with additional randomization).
Further discussions for the subgrouping are performed about which one to determine the subgrouping and the subgrouping for different RRC state in the following RAN2#114-e meeting. 
The following is supported:

· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics

· Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE
However, there are still some questions about the signalling and candidate characteristics.
In this contribution, we discuss the Assistance information from UE and gNB and describe signalling of the Network controlled subgrouping procedure based on the proposed candidate characteristics.
2 Discussion 
2.1 Assistance information from UE
During email discussion[1] before the meeting, discussions about UE assistance information are performed without consensus. 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.
The paging probability procedure is designed for MTC/NB-IOT. As shown in the previous discussion, this characteristic can be mainly based on device type which is known by CN and the user habits which can be derived based on the UE’s situation like working time or sleeping time. Besides，As mention by Nokia, the MUSIM capability can also be considered as one of the factors for paging probability.
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 condition of the UE, such as 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 the power sensitive UEs. 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 assistance information like PCS and paging probability can improve the power efficiency of the subgrouping mechanism.
Proposal 1: Support UE providing assistance information (e.g. PCS and paging probability) to CN in support of Paging subgrouping assignment.
2.2 Assistance information from gNB
Since we have agreed that “Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE”, the RRC state should also be one of the factors to be considered when subgrouping. As specified in TS38.413, CN could request the RAN to report the state transition between RRC-INACTIVE and RRC-IDLE. Therefore, there is no specification influence to have the subgrouping assignment considering RRC state.
Proposal 2: Support gNB providing assistance information (e.g. RRC state) to CN in support of Paging subgrouping assignment.

2.3 Subgrouping procedures based on 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 related input 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.
The NW can determine the PCS level based on the known information, such as power information (e.g., available battery, plugged in or not) reported by UE, or the device type (e.g., Redcap UE, smart phone…) stored in the CN. 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. This means that the power-sensitive UE may reduce its power consumption at the expense of paging delay. Thus, the reliability is not a big issue for the reported PCS information.
Observation 4: PCS is reported by UE to assist the NW in subgrouping assignment. Penalty mechanism can ensure the reliability of the UE reported PCS. 
Another concern from companies is the heavy signalling burden brought by reporting UE assistance information. The current Attach or TAU procedure can be reused to balance the signalling burden and the information timeliness. For example, to avoid frequent subgrouping-related UAI reporting, the up-to-date information about UE’s PCS or paging probability can be sent along with the periodic TA updating procedure.
Proposal 3: Reuse TAU request to update assistance information about Paging subgrouping.
For power sensitive UEs, we have one basic working procedure with CN controlled subgrouping as shown in figure 2:


1. UE assistance information (e.g. PCS, Paging probablity)
                                                      2. gNB assistance information (e.g. RRC state)
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                                Figure 2. Signalling of CN-assigned UE Paging subgrouping
1. UE reports its assistance information (e.g., PCS and/or Paging probability) to the AMF, during the procedure of Attach request or TAU request. Also, UE could update its assistance information related to Paging subgrouping during TAU procedure.
2. gNB reports assistance information (e.g., RRC state) to the AMF.
3. CN performs the Paging group categorization based on the parameters including the reported PCS related information.
4. AMF informs gNB about the assigned paging grouping of UE(s) and gNB transits the assigned paging group to each UE.

5. gNB informs 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 4: RAN2 is kindly asked to discuss and capture 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 assistance information like PCS and paging probability can improve the power efficiency of the subgrouping mechanism.
Observation 2: Network controlled grouping with PCS related input 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: PCS is reported by UE to assist the NW in subgrouping assignment. Penalty mechanism can ensure the reliability of the UE reported PCS. 

Proposal 1: Support UE providing assistance information (e.g. PCS and paging probability) to CN in support of Paging subgrouping assignment.

Proposal 2: Support gNB providing assistance information (e.g. RRC state) to CN in support of Paging subgrouping assignment.

Proposal 3: Reuse TAU request to update assistance information about Paging subgrouping. 
Proposal 4: RAN2 is kindly asked to discuss and capture the above signalling flow for CN-assigned UE Paging subgrouping.
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