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1 Introduction
In RAN2#114e, an LS on Rel-17 power saving was sent to RAN3 with the following content:
	1. Overall Description:

RAN2 discussed ways to group UEs sharing a paging occasion into multiple subgroups, as a means to reduce paging false alarm, thereby leading to additional UE power savings. 

RAN2 made the following agreements in RAN2#113bis-e:

· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

· 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). 

RAN2 made the following agreements in RAN2#114-e:
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


In this contribution, we will address the following-up issues with RAN3 impact. 
2 Discussions
To save UE energy, RAN1/RAN2 is discussing the design of physical-layer PEI (Paging Early Indication) signaling to indicate the subgroup by the following-up paging message. To help the decision of the transmitted PEI, the gNB should be able to identify the corresponding subgroup of a paging message. This is reflected by the following two agreements from RAN2:
	· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

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


For CN Paging, it can be observed that the subgrouping information should be provided to gNB. Moreover, in case of CU-DU split, such subgrouping information should be provided to the gNB-DU in order to help the gNB-DU decide the transmitted PEI signal. 

Proposal 1: for CN paging, the AMF should provide the subgrouping information to gNB/gNB-CU when paging an UE. In case of CU-DU split, such subgrouping information should be conveyed to gNB-DU. 
· Issue 1: Content of the subgroup information
Apparently, the subgrouping information can help gNB/gNB-DU determine the subgroup of the paged UE. An intuitive information can be subgroup ID. The whole procedure becomes that: when paging an UE, the AMF determines its subgroup ID, and then includes it in the CN paging message. After that, in case of CU-DU split, the gNB-CU will include the subgroup ID in the F1 Paging message. On the other hand, an alternative information can be the paging probability, which is similar to WUS/GWUS in E-UTRA. 
One potential issue is which cell should transmit PEI signal. On one hand, PEI can be sent over multiple cells in order to save the UE energy. On the other hand, only the PEI over one cell can be received by the UE, which results in unnecessary transmission of PEI in other cells, and thereby causes additional resource/energy waste at other cells. To solve this problem, one possible way is to transmit the PEI signal in the last used cell of the UE (i.e., the cell connected by the UE before entering idle/inactive status). Furthermore, if the PEI is only transmitted in last used cell, CN paging as well as F1AP paging message should indicate the last used cell for PEI transmission; however, RAN paging does not need include the subgrouping information.
At this stage, RAN3 cannot make any decision on the content since this is highly relying on progress on other WGs.
Proposal 2: RAN3 should wait for the progress of other WGs w.r.t. the content of subgroup information in CN paging/F1 Paging/RAN paging message. 
· Issue 2: Configuration for PEI signal

Although the detailed design of PEI signal is still under discussion in RAN1/RAN2, it can be foreseen that the configuration of PEI signal should be sent to the UE by, e.g., system information, before paging an UE. To help the configuration of PEI signal, the gNB/gNB-DU should be aware of the characteristics of each subgroup. For example, if a subgroup of UEs has low paging probability, the PEI signaling for such group can be set with high transmission period. In other words, gNB/gNB-DU should configure the PEI signal transmission based on the characteristic of each subgroup. As agreed in RAN2, CN can determine the subgroup of the UE based on UE individual UE characteristics, not specified or limited to paging probability as EUTRA. To align with this, the PEI configuration should be generated based on UE characteristics, not specified or limited to paging probability:

· In case of generating PEI configuration based on UE characteristics
The gNB/gNB-DU should be aware of the UE characteristics of each subgroup. The following-up issues are: 1) which UE characteristics should be considered, and 2) how to derive the UE characteristics of each subgroup. The 1st issue is still under discussion in RAN2. The 2nd issue can be considered in scope of RAN3. Specifically, options can be considered:
· Option 1: OAM determines the UE characteristics of each subgroup
In this option, OAM can directly generate the PEI signalling configuration for each subgroup, and send it to gNB/gNB-DU. Meanwhile, OAM should configure the same characteristic for each subgroup at AMF so that the subgroup determination at AMF is aligned with the PEI configuration of each subgroup. However, this option requires AMF and gNB/gNB-DU have the same OAM, which may not be true in the real deployment.

· Option 2: AMF determines the UE characteristic of each subgroup
As agreed in RAN2, AMF determines the UE subgroup based on UE characteristics. Thus, in this option, gNB/gNB-DU should be aware of the UE characteristics of each subgroup at the AMF. In other words, the gNB/gNB-DU should derive the UE characteristics of each subgroup used at the AMF. However, this option requires that the PEI signal configuration is generated only after the gNB/gNB-DU derives the UE characteristics of each subgroup.
· Option 3: gNB/gNB-CU determines the UE characteristic of each subgroup
In this case, AMF/gNB-DU should derive the UE characteristics of each subgroup from gNB/gNB-CU. Similar to Option 2, the PEI configuration can be generated only after receiving the UE characteristics of each subgroup by gNB-DU in case of CU-DU split. 
· Option 4: gNB-DU determines the UE characteristic of each subgroup

Since PEI configuration is generated at the gNB-DU, it is nature that the gNB-DU can know the UE characteristic of each subgroup, which can be derived from OAM. After that, the AMF can derive the UE characteristics of each subgroup from gNB-DU via gNB-CU.  
· In case that the generation of PEI configuration is not specified

In this case, we can assume that the UE characteristics for each subgroup is aligned at AMF and gNB/gNB-DU by a not-specified way. Thus, there is no RAN3 impact. 

· In case of generating PEI configuration based on paging probability as E-UTRA

In this case, since the supported paging probability can be well specified in the standard, there is no need to signalling the paging probability among AMF, gNB/gNB-CU, and gNB-DU. Thus, there is no RAN3 impact. 
Proposal 3: in case of determining the subgroup based on UE characteristics, RAN3 should discuss how to derive UE characteristic of each subgroup among AMF, gNB/gNB-CU, and gNB-DU in order to generate PEI configuration. 
· Issue 3: how to support subgrouping by randomization
This issue is related to RAN2 agreement “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).” In this case, the UE does not have the subgroup information from CN so that it can only determine its subgroup based on randomization of UE-ID. To achieve this, the UE should know the total number of subgroups, which can be broadcast by gNB. The potential issue in RAN3 scope can be how to derive the total number of subgroups, e.g., OAM, AMF, or gNB-CU in case of CU-DU split. 
Proposal 4: in case of determining the subgroup based on randomization of UE-ID, RAN3 can discuss how to derive the total number of subgroup by gNB/gNB-DU. 
3 Conclusion
In this contribution, we discuss RAN3 impact for UE power saving, and propose:
Proposal 1: for CN paging, the AMF should provide the subgrouping information to gNB/gNB-CU when paging an UE. In case of CU-DU split, such subgrouping information should be conveyed to gNB-DU. 

Proposal 2: RAN3 should wait for the progress of other WGs w.r.t. the content of subgroup information in CN paging/F1 Paging/RAN paging message.
Proposal 3: in case of determining the subgroup based on UE characteristics, RAN3 should discuss how to derive UE characteristic of each subgroup among AMF, gNB/gNB-CU, and gNB-DU in order to generate PEI configuration. 
Proposal 4: in case of determining the subgroup based on randomization of UE-ID, RAN3 can discuss how to derive the total number of subgroup by gNB/gNB-DU. 
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