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1. Introduction
[bookmark: Proposal_Beacon]Based on RAN2#113e and RAN2#113bis-e meeting, the following agreements or achievements on UE power saving were made as in [1]:
	· 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 EUTRA, possibly with additional randomization)


In this contribution, we mainly provide some analysis on the CN or RAN controlled UE grouping, the selection of UE grouping rule, the general procedure of paging grouping, false paging alarm issue for paging grouping mechanism.
2. Discussion
CN or RAN controlled UE grouping
In last meeting, UE grouping by CN controlled or RAN controlled was discussed. Generally, if UE gets a UE grouping information from the CN, UE will apply it over a large area, for example, group set{x,y} will be assosiated to a UE in even a TA area. This means that all of the gNB in this area needs to configure the group set{x,y} to UE. The gNB will be restricted to apply a dedicated number of UE groups. For PEI with WUS method, the number of UE group will be limited by the radio interfence. For example, the nubmer of WUS sequences with high interference may be smaller than than the one with low interference. Thus, CN controlled method with dedicated UE groups for one or more dedicated UE characteristics is not flexible to the configuration of UE groups by the WUS mechanims. 
Observation 1, CN controlled method with dedicated UE groups for one or more dedicated UE characteristics is not flexible to the configuration of UE groups by PEI with WUS mechanism.
For PEI with DCI method, the gNB may have a common maximum number of UE groups, CN controlled method has no restrciton to the number of UE groups by the PEI configuration, but CN controlled method will restrict the mapping of UE groups to UE charcteristic. For emxaple, a larger number of UE with high power sensitity requirements are camped in the gNB1, but a few number of UE with high power sensitity requirements are camped in the gNB2, the unified grouping for UE with high power sensitivity by CN controllded will lead to a possible high false paging alarm in gNB1. RAN controlled method could avoid this false paging alarm, since gNB could flexibly allocat the UE group set to a UE characteristic base on some UE distribution information in a gNB.
Observation 2, RAN controlled method is more flexible to map the UE groups to one or more dedicated UE characteristics based on the UE distribution informaiton in gNB to redue the false paiging alram.
Proposal 1: RAN controlled method is suggested to be considiered for UE grouping from the veiw of UE power saving to ruduce the false paiging alram.
Selection on the Grouping rule
Uusally, lots of UE will monitor the same Paging Occasion (PO) based on the paging mechanism, UE will access to the network if its UE-ID is listed in the paging record, this will lead to unnecssary paging decoding for the UE without its UE ID in the paging record since it is not paged. In order to avoid the unnecssary paging decoding, paging grouping mechanism is introduced for R17 UE power saving. The UE could be divided into several groups, the UE needs monitor its group ID indicated by paging eary indicaiotn(PEI). As in [2], RAN2 has discussed serveral grouping rules as below:
· UE-ID based grouping
· Paging probability-based grouping
· UE power consumption profile based grouping
· Network assigned subgrouping
· UE release
· RRC State or CN vs RAN paging differentiation
· Methods considering mobility
For these methods, if the number of groups is sufficent in gNB, gNB could associate different groups to the UE based on the specific scenario and UE distribution in the cell, the gNB could flexibly configure one or more the grouping rule based on the UE features in the cell. But the number of groups supported by gNB may be limited, besides the UE-ID based grouping, if RAN2 decides to make further down-selection of UE grouping rule, the paging probability based and UE power consumption profile based grouping are suggested to be considered since they are simple and effective, only UE assisstant information on paigng probaiblity and power consumption profile need to be exchanged between UE and network.
Proposal 2: If further down-selection of UE grouping rule is desired, paging probabiliy based grouping and power consumption profile based grouping are suggested to be considerd in NR UE power saving.
Procedure for UE paging grouping 
Generally, the network and UE need to have a unified parameter value, such as UE paging probability, Idle/inactive mode information, power sensitive information, release informaiton, mobility information, to determine the group ID. Then, the gNB(s) will compute the group_ID based on the unifed parameter for the arrived UE paging message, and transmit the PEI indication corresponding this group_ID in one or more cells. For UE, it will compute the goroup_ID based on the unified parameter and the grouping configuration broadcasted by gNB, then UE will monitor the PEI of its group ID to determine to decode the paging occasion or not. If the indication of the group_ID is transmitted for a paged UE in a cell, any UE with the same group_ID as the paged UE in this cell will decode the paging message since the indication could be detected out.
Except the UE-ID based grouping, based on above general procedure, it is easy to see that the assistant information needs to be exchanged between UE and network in order to make an efficient UE grouping rule. For example, the paging probability information, UE power sensitive informaiton, UE RRC statue, UE release information, the informatin to determine group-ID from the network, the mobility information need to be transmitted to network, the network will make the final decision on parameter value to compute the group-ID of UE. Thus, a procedure to coordinate the assistant information between UE and nework needs to be designed. 
Proposal 3: A procedure to coordinate the assistant information of UE grouping between UE and nework needs to be designed.
For CN paging, similar to the LTE, the assistant information for UE grouping will be transmitted to AMF from UE, AMF will determined the final value of the assistant information. The the assistant information in AMF will be transmit to gNB to make gNB determine the group ID of the UE, then gNB will transmit the PEI of the group ID based on the paging message.
For RNA paging, although it is triggered by the anchor gNB with CN connection, to avoid the different parameter between gNB and AMF and align to the procedure for CN paing, the gNB will store the UE assitant information from the AMF, and apply this parameter during the RNA paging procedure. This means that gNB is unable to determine the unified parameter between UE and network. Another candidate is, anchor gNB could apply the UE specific parameter information from UE, anchor gNB is not necessary to get the UE specific parameter information from AMF, the anchor gNB is able to determine the unified parameter between UE and network for RNA paging. Generally, the first one is better sinc it is feasible and aligned to the procedure in CN paging, no more signalling or standard work will be introduced.
Proposal 4: For the procedure of paging grouping, considering the CN paging, the UE specific parameter information to determine group-ID needs to be transmitted to AMF from UE, AMF could determine the final value of the UE specific parameter information.
Proposal 5: For the procedure of paging grouping, considering the RNA paging, two below options need to be further discussed:
· Anchor gNB will only apply the UE specific parameter information determined by AMF.
· Anchor gNB could apply the UE specific parameter information from UE to determine the UE group ID.

Consideration on the false paging alarm
Althouth there are several candidates on the PEI design and UE behavior in RAN1, but the common rule is that the UE in the same group set needs to decode the paging message if any UE in the group set is paged.
For paging, the network usually transmits UE paging message in the cell where UE has the last RRC connection or in the the recommended cells as described in the IE recommended cells for paging in [3]. If the paging attempt is failed because of UE mobility or low channel quality, the network needs to extend the paging area to multiple cells or even entire Tracking Area (TA) to reach the intended UE. Based on this background for paging reachability, it can be seen that lots of UE in the same group as the paged UE’s and in a large coverage(even in TA) will suffer the false paging alarm, since the paged UE is camped in only one real cell but the paging message and the indication on the associated paging grouping ID has to be transmitted in a larger coverage. 
In NB-IOT, most of the UE, such as the meters, are stationary or with low mobility, the issue on above false paging alarm caused by UE mobility is not serious. However, for NR, there are typically various UE types including potentially high mobility UEs. This means that, in NR, as in figure.1, if any UE moving out of the initial paged cells is paged, it will lead to lots of UE in the same group and in more number of cells have to decode the unnecessary paging message, because the indication of the associated UE group ID is transmitted in a larger area for paging extension. From the view of UE power saving, it is a serious issue since NR UE is not restricted to stationary or low mobility UEs as in NB-IOT, RAN2 or SA2 need to determine whether this issue should be further studied for NR UE power saving. 


Figure.1 Paging area extension by UE moving.
Proposal 6: Considering paging extension for mobile UEs, lots of UE in the same group and in more number of cells have to decode the unnecessary paging message since NR UE is not restricted to stationary or low mobility UE as in NB-IOT, RAN2 or SA2 need to determine whether the false paging alarm caused by UE mobility should be further studied.
In NB-IOT, as in [4], in order to reduce the false paging alarm caused by UE mobility, the WUS for UE paging grouping had been agreed to be applied in the last used cell where UE had the last RRC connection, to a certain extent, this way could reduce the false paging alarm by mobile UE since the WUS indicaiton is only transmitted in the last used cell. Considering the UE mobility in NR is more serious than the NB-IOT case and limtied group numbers, a simlple way to reduce the false paging alarm is that network could disable the UE paging group mechanism if UE suffers the false paging alarm frequently.
Proposal 7: For the issue of the false paging alarm caused by NR UE moving or other aspect, following two methods are proposed for further discussion:
· restrict the use of UE paging grouping to a dedicated area as in NB-IOT paging grouping mechanism with WUS.
· UE paging grouping could be disabled by network.  
3. Conclusion
In this contribution, the issues on the CN or RAN controlled UE grouping, the selection of UE grouping rule, the general procedure of paging grouping, false paging alarm issue for paging grouping mechanism are discussed, we have the following proposals:
Observation 1, CN controlled method with dedicated UE groups for one or more dedicated UE characteristics is not flexible to the configuration of UE groups by PEI with WUS mechanism.
Observation 2, RAN controlled method is more flexible to map the UE groups to one or more dedicated UE characteristics based on the UE distribution informaiton in gNB to redue the false paiging alram.
Proposal 1: RAN controlled method is suggested to be considiered for UE grouping from the veiw of UE power saving to ruduce the false paiging alram.
Proposal 2: If further down-selection of UE grouping rule is desired, paging probabiliy based grouping and power consumption profile based grouping are suggested to be considerd in NR UE power saving.
Proposal 2: UE-ID based grouping, paging probabiliy based grouping or their combination applied in LTE UE grouping mechanims is suggested to be considerd in NR UE power saving.
Proposal 3: A procedure to coordinate the assistant information of UE grouping between UE and nework needs to be designed.
Proposal 4: For the procedure of paging grouping, considering the CN paging, the UE specific parameter information to determine group-ID needs to be transmitted to AMF from UE, AMF could determine the final value of the UE specific parameter information.
Proposal 5: For the procedure of paging grouping, considering the RNA paging, two below options need to be further discussed:
· Anchor gNB will only apply the UE specific parameter information determined by AMF.
· Anchor gNB could apply the UE specific parameter information from UE to determine the UE group ID.
Proposal 6: Considering paging extension for mobile UEs, lots of NR UE in the same group and in more number of cells have to decode the unnecessary paging message since NR UE is not restricted to stationary or low mobility UE as in NB-IOT, RAN2 or SA2 need to determine whether the false paging alarm caused by UE mobility should be further studied.
Proposal 7: For the issue of the false paging alarm caused by NR UE moving or other aspect, following two methods are proposed for further discussion:
· restrict the use of UE paging grouping to a dedicated area as in NB-IOT paging grouping mechanism with WUS.
· UE paging grouping could be disabled by network.
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