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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the WID [1], objectives of Rel-18 NR Network energy savings related to RAN3 are listed as below:
Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3]
In this contribution, based on the progress of RAN3 discussion in SI phase, we provide analysis and proposals on impact of the above bullets from RAN3 perspective. Accordingly, the TPs for TS 38.423 and TS 38.473 are provided in our contribution[3].
2 Discussion
[bookmark: _Hlk127370655]2.1 Inter-node information exchange on cell DTX/DRX
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For cell DTX/DRX, it was agreed in RAN2 during the study phase that at least parameters such as periodicity, start slot/offset, on duration should be configured to UE. So, obviously, the cell DTX/DRX configuration with these paratmeters need to be exchanged between two NG-RAN nodes over Xn interface and the proper procedure to exchange these parameters are Xn Setup procedure and NG-RAN node Configuration Update procedure. The usage of these parameters can be further determined based on RAN2 progress.  Other parameters (such as the cell DTX/DRX status) may also be exchanged over Xn interface for more information. Also, whether that is necessary should depend on RAN2 discussion.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Exchange the DTX/DRX configuration between neighbor nodes with parameters including at least periodicity, start slot/offset and on duration. The usage of the DTX/DRX configuration and other parameters are pending further RAN2 discussion. 
2.2 Inter-node beam activation
Currently, for inter-node beam activation/deactivation status notification, it was already supported via NG-RAN Configuration Update procedure. However, activation request from neighbor node only supports cell level granularity, i.e., via Cell Activation procedure. To support beam level activation, further enhancement on current specification is needed. Two options are foreseen to support beam level activation request procedure:
Option 1: Introduce a new procedure which is dedicated for beam level activation
Option 2: Re-use current existing Cell Activation procedure
Both of the two options could work. But we have a slight preference on Option 2 which has less impact on specification. Besides, it is reasonable that similar functionalities are realized via the same procedure.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2: Re-use current Cell Activation procedure to support beam level activation.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Another open issue which is not touched during SI phase is whether Cell or beam level activation /deactivation could be supported in NG interface. From our point of view, it would be useful to transfer the Activation Request over NG interface in case no Xn interface is setup between two neighbor NG-RAN nodes. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15]Proposal 3: RAN3 to discuss on support of cell/beam activation over NG interface and have a conclusion on it.
[bookmark: _Hlk127370750]2.3 Enhancement on restricting paging in a limited area
3GPP has studied the paging optimization since the LTE R13 MTC WI. It is mainly used for idle state UE. When releasing the UE context, the eNB reports the UE recent movement trajectory (cell id, eNB id, etc.) to the CN, and then the CN can decide to perform paging optimization according to the UE type, capability and other information. By the information from eNB, the CN can include the paging assistance information (Recommended Cells for Paging, Recommended eNBs for Paging) in the Paging message over S1 interface, so that the paging can be omitted in the area outside the recommended cells/eNBs, that signaling overhead is saved over air interface. 
As the result, the NR specification continued to follow this optimization solution and wrote it into TS 38.413.
Observation 1: The paging optimization for idle state UE is already supported by the specification for signal saving over air interface.
The objective of paging optimization for R18 NES WI is to further narrow the paging coverage on top of the above paging optimization solution to the level of beam or beam area. Considering that the beam management is within NG-RAN, the further paging optimization mainly targets to the INACTIVE mode UEs.
Also, the paging optimization scenario is similar as LTE MTC, i.e., it is used for the stationary or low speed UE, or the UE staying stationary for short time. Therefore, it is proposed the paging optimization for R18 NR NES use the similar technical solution as that in LTE MTC.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 4: Paging optimization in R18 NES WI which applies to INACTIVE mode UE could use the similar mechanism as paging optimization for IDLE mode UE introduced in LTE MTC WI.
To support paging optimization for INACTIVE mode UE in R18 NES WI, when releasing the UE context, the gNB-DU should report the UE recent movement trajectory (beam index, beam area, etc.) towards gNB-CU. Then, after receiving user data for this inactive UE, the gNB-CU determines in which areas paging optimization should be performed according to the UE type, capability, UE history trajectory and other information. When sending paging message to gNB-DU, the paging assistance information (i.e., recommended SSBs for paging) can be included, so that gNB-DU can omit the paging in the beams not recommended by the gNB-CU, that the network energy can be saved.
That is because the context for INACTIVE mode UE is always stored in serving gNB-CU, and RAN paging is also initiated by the serving gNB-CU. The serving gNB-CU knows the beams recently visited by the UE. On the other hand, paging is implemented by gNB-DU and the specific paging on which beams should finally be determined by the target gNB-DU. Therefore, the recommended SSB-related information can be carried in the F1AP Paging message.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 5: Introduce the UE recent movement trajectory (beam index, beam area, etc.) into the UE CONTEXT RELEASE COMPLETE message, and include the recommended beam information in the F1AP PAGING message.
For INACTIVE mode UE, currently, it is supported to enable NG-RAN node to request paging of a UE in the neighbor node in specific RAN notification areas or specific cell list. To further optimize paging procedure and also decrease network energy consumption, similar as paging optimization in serving node, it is suggested the neigbhour node to request the NG-RAN node paging the UE within restricted area. Since the last serving node has the UE trajectory information and also be aware of UE capability, mobility status, it could provide recommendation information to the neighour nodes on the beam(s) in which paging should be implemented. For example, for the stationary UEs or UEs with low speed, the last serving node may only request the neigbhour node to page UE in the beams which cover the areas close or overlapped with the last serving beam area.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 6: Introduce recommended beam information in XnAP RAN PAGING message.  

3 Conclusion
In the previous sections we made the following proposals:
Proposal 1: Exchange the DTX/DRX configuration between neighbor nodes with parameters including at least periodicity, start slot/offset and on duration. The usage of the DTX/DRX configuration and other parameters are pending further RAN2 discussion.  
Proposal 2: Re-use current Cell Activation procedure to support beam level activation.
Proposal 3: RAN3 to discuss on support of cell/beam activation over NG interface and have a conclusion on it.
Observation 1: The paging optimization for idle state UE is already supported by the specification for signal saving over air interface.
Proposal 4: Paging optimization in R18 NES WI which applies to INACTIVE mode UE could use the similar mechanism as paging optimization for IDLE mode UE introduced in LTE MTC WI. 
Proposal 5: Introduce the UE recent movement trajectory (beam index, beam area, etc.) into the UE CONTEXT RELEASE COMPLETE message, and include the recommended beam information in the F1AP PAGING message over the F1 interface.
Proposal 6: Introduce recommended beam information in XnAP RAN PAGING message.  
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