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1	Introduction
This document is the summary of the 8.3.5 agenda item having following paper contributed:
	R2-2211921
	Handover enhancement for NES
	Sony

	R2-2212054
	NES impact to UE mobility
	Lenovo

	R2-2211968
	Mobility enhancements for NES
	Nokia, Nokia Shanghai Bell

	R2-2212273
	CHO improvements for Network Energy Savings
	Vodafone GmbH

	R2-2212115
	Further considerations of group handover
	Intel Corporation

	R2-2211602
	NES Connected mode mobility
	Qualcomm Incorporated

	R2-2211682
	Further discussion on mobility enhancement for Network energy saving
	Apple

	R2-2211446
	Consideration on mobility enhancements
	CATT

	R2-2212326
	NES mobility aspects
	InterDigital

	R2-2212393
	Group handover for NW energy savings
	Ericsson

	R2-2212641
	Consideration on group mobility for network energy saving
	Fujitsu Limited

	R2-2212823
	Connected mode mobility
	LG Electronics Finland

	R2-2212930
	Group Handover for NES
	Rakuten Mobile, Inc

	R2-2212872
	Discussion on connected mode mobility for NES
	Huawei, HiSilicon



2	Discussion

2.1	 CHO (Scenario 1)
On high level CHO works currently in this way:
Step 1: the RRCReconfiguration with Sync signals for each candidate PCells the execution conditions, but UE only stores them i.e. without executing the actual handover.
Step 2: When the execution conditions are met for a candidate PCell, the UE executes the actual handover to the candidate PCell.  The execution conditions are based on radio qualities of the candidate PCell.
In RAN2#119bis meeting, There was decision.
	=>	Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode is considered for further study.  FFS whether any enhancements is needed.  
=>	FFS Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
=>	As a first priority, discussion on RAN2 group handover are confined to the CHO framework




2.1.1 Supporting proposals for CHO for scenario 1
Generally Sony is supporting to study this: R2-2211921 (Sony)
Lenovo (R2-2212054) proposes to have NES state as part of CHO mobility trigger to prioritize:
Proposal 3: RAN2 to discuss how to configure the conditions to prioritize NES cells in CHO condition evaluation.

Vodafone (R2-2212273) proposes more details on this aspect:
Proposal 1: It is proposed to define separate execution condition(s) for the conditional handover associated with NES of the serving cell. It is also proposed to capture this proposal in the TR.

Proposal 2: It is  proposed to capture in the TR that current CHO framework could be re-used to provide new serving cell NES associated conditions to the UE.

Proposal 3: It is  proposed to capture in the TR, that the network is going to provide a separate indication to the UE(s) to consider previously provided new serving cell NES associated conditions by the UE.

interdigital (R2-2212326):
Observation 1: 	For NES mobility scenario 1, where the serving source cell switches to NES mode, sending handover commands/RRC reconfiguration for each of the remaining UEs separately requires multiple signalling and can delay the time the gNB enters NES mode.
 Observation 2: 	For NES mobility scenario 1, where the serving source cell switches to NES mode, relying on existing conditional handover conditions such as RSRP can be slow, as evaluating L3 measurements can take time to reflect a coverage loss.
Proposal 1:	Use reception of NES mode indication associated with the serving source cell as a CHO event trigger

And also Fujitsu (R2-2212641):
Proposal 1: Address the issues for scenario 1 could be further studied in WI phase.
Qualcomm (R2-2211602):
Observation 1: Source cell HO allow cells with low load to sleep after offloading camped UEs to neighbouring cells.
Proposal 1: Source cell HO is configured by RRC as CHO commands to be triggered upon indication from the source cell.
Proposal 3: RAN2 to discuss RRC CHO configurations enhancements needed to realize source cell HO.

2.1.1.1	Lower layer NES mode indication of source cell for CHO (or other purposes)
Intel (R2-2212115) also considers for  CHO a lower layer signaling to indicate NES mode change of source cell:
Proposal#1: Execution condition for applying CHO to NES purpose needs to be updated to allow for indicating the change of NES mode of the source cell.
Proposal#2: Use common L1 signalling (e.g. group common DCI) for the indication of the change of NES mode of the source cell (in Scenario 1).
Proposal#3: The target candidate PCell is provided either pre-configured or explicitly indicated on the change of NES mode of the source cell.
Somewhat similary Fujitsu (R2-2212641):
Proposal 3: If the source cell state is semi-statically switched, the time based conditional handover can be reused for network energy saving. 
Proposal 4: If the source cell state is dynamically switched, CHO configuration is pre-configured for the group of UEs and then triggered by the L1/L2 signalling.
Proposal 5: RAN2 to study group CHO with L1/L2 signalling for network energy saving in WI phase.

Also Rakuten proposes something in this area (R2-2212930):
Proposal #4: To handle graceful handover of UE’s to other cells before switching cell to NES state, a preconfigured HO command can be sent to UE’s distributed over time (Like NTN Mobility) and executed through Group common L1/L2 (DCI/MAC CE) signaling when gNB decide to switch the Cell to NES State.
Qualcomm (R2-2211602):
Observation 2: Attempting to trigger CHO for every camped UE in a unicast manner at source cell causes high signalling overhead, high energy consumption of repeated unicast signalling, and high latency to complete HO at every UE (due to limited PDCCH capacity) which shortens the sleeping time. 
Proposal 2: RAN2 to introduce new L1/L2 group signalling to trigger CHO at all camped UEs before source cell transfers into sleep state. 
As well as Nokia (R2-2211968) – it should be noted that also likely power control (in 2.1.3) could reuse similar indication to avoid using SIB changes to indicate TX power change of source cell:
Observation 1: Whether a group signalling for CHO for UE offloading/onloading is beneficial may depend on the number of active UEs to offload, which may be expected to be limited.

Proposal 3: RAN2 to study how to indicate to the UE to start evaluating the CHO execution conditions for offloading.

Nokia (R2-2211968)
Proposal 2: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by extending the CHO functionality for cell deactivation/reactivation.

	Solution: Faster UE offloading/onloading via NES-based CHO 

	Introduction
	Support faster offloading/onloading of UEs by NES-based CHO.

	Scenario
	Single-carrier or multi-carrier; UEs in RRC Connected

	NES gain
	Increased energy saving by faster UE offloading/onloading, which leads to reduced cell deactivation/reactivation transition times, and in turn to more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Mechanisms for taking the NES mode of source / target cell into account in the evaluation of CHO execution conditions. 



LG proposes on the other hand different approach for CHO so that also legacy UEs can be handled:
Observation 3. Given that the legacy UE is also connected to the NES cell, separately handling the mobility of the legacy UE and the NES-capable UE rather complicates the mobility operation. That is, group handover mechanisms should be applicable to both the legacy UE and the NES-capable UE.
Proposal 2. For group handover with CHO, we propose to study handover using legacy CHO considering the following scenarios: 
· Scenario 1. A cell gradually reduces the TX power and eventually turns it off
· Scenario 2. A cell turns off after a certain time
Proposal 3. For group handover, we propose to study the semi-static scenario first. (i.e., CHO candidates are updated by the legacy RRC reconfiguration procedure)

2.1.2	More sceptical proposals on scenario 1 CHO

on the other hand CATT R2-2211446 proposes:
Observation 1: In most case the signaling overhead of executing normal handover when a cell will turn to NES mode is not an issue.
Observation 2: The delay time that the cell goes to NES cell is not an important factor for NES techniques.
Observation 3: As L1/L2 group signaling cannot ensure reliable transmission, additional signaling overhead and additional delay for the cell to go to NES mode may be introduced.
Proposal 1: It is not considered for NES for the scenario that UEs are HO’ed due to switch of source cell to NES mode.

Also Ericsson (R2-2212393):
Observation 1	For NW energy saving purposes, a more dynamic handover is not required.
Observation 2	Signaling load should be low to handover a small group of UEs. For a larger group of UEs, it may not be desirable to handover them for NW energy saving purposes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When handing over UEs due to switch of SOURCE cell to NES mode, the legacy signaling for handover can be used, no essential issue is identified.
Proposal 2	No RAN2 impact on the UE is expected for the scenario where handover is performed due to source link degradation, where target cell is selected based on its mode of operation.
Rakuten (R2-2212930):
Proposal#1 : Handling of UE’s when moving Source Cell to NES mode can be performed using existing methods, no new mechanism need to be defined.
Proposa#2 : Consider the impact of having legacy Pre Rel-18 UE while discussing enhancements to CHO and other group mobility/Handover specifications.

Huawei (R2-2212872):
Observation 1: The overall signalling overhead is not saved by group CHO, compared with the legacy HO mechanism.
Observation 2: The time saved by adopting the L1/L2 signalling is quite marginal, compared with the overall time for handing over all UEs before the cell can enter the NES state.
Proposal 1: The gain of group CHO via L1/L2 signalling needs to be justified before concluding on it.

2.1.3	TX power based approaches for scenario 1
Nokia proposes (R2-2211968):
Proposal 1: RAN2 to study procedures and signalling to enabling faster cell deactivation / reactivation by informing the UEs about the future cell transmit power adjustments with minimal need for SI modification.

	Solution: Faster cell deactivation/reactivation with minimal need for SI modification for cell transmit power adjustments

	Introduction
	Support faster cell deactivation/reactivation by informing the UEs about the future cell transmit power adjustments (decrease / increase) e.g. of the SSB when initiating cell deactivation/activation (rather than by step-by-step SI changes).

	Scenario
	Single-carrier or multi-carrier; UEs in RRC Idle/Inactive/Connected

	NES gain
	Increased energy saving by reduced cell deactivation/reactivation transition times, and more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Introduce mechanisms for faster SSB transmit power adjustments, etc.



Proposal 4: RAN2 to study procedures and signalling for faster offloading/onloading of UEs to/from neighboring cells by enabling measurement event biasing to account for future cell transmit power adjustments (decrease / increase) during cell deactivation/activation.

	Solution: Faster UE offloading/onloading via measurement event bias for cell deactivation/reactivation

	Introduction
	Support faster offloading/onloading of UEs by enabling biasing of the measurements event conditions with the anticipated / future cell transmit power adjustments (decrease / increase) during cell deactivation/activation (rather than observing step-by-step transmit power adjustments)

	Scenario
	Single-carrier or multi-carrier; UEs in RRC Connected

	NES gain
	Increased energy saving by faster UE offloading/onloading, which leads to reduced cell deactivation/reactivation transition times, and in turn to more frequent usage of cell deactivation techniques

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Mechanisms for NES-based biasing of mobility measurements event conditions with future cell transmit power adjustments



2.1.4 	Non CHO based group handover supporting proposals
In RAN2#119bis meeting, There was decision.
	=>	As a first priority, discussion on RAN2 group handover are confined to the CHO framework


Description:
1.	UEs will be grouped and pre-configured with target candidate cell(s) configurations.
2.	Network will trigger the UE to perform the handover via a group-common HO signalling and this could be a multicast signalling or a L1/L2 signalling.

Gains:
1.	A group-common HO can save HO overhead signalling.
2.	Combined with L1/L2 signalling can further inherit the benefits from L1/L2 mobility.
3.	Grouping of the UEs can provide network with finer granularity on handover control as well as energy saving control
2.1.4.1	Supporting
Supporting: R2-2211921 (Sony)
Apple (R2-2211682):
Proposal 1: For scenario 1, capture UE group handover triggered by L1/L2 UE group common signaling in TR:
1. gNB sends UE dedicated HO commands to a group of UEs in advance distributed over a wider time period to avoid signaling surge. 
1. Upon reception of HO command, the UE just stores it but doesn't execute HO immediately.
1. When gNB decides to enter NES mode, it sends L1/L2 UE group common signaling to trigger the group of UEs to execute HO.  
Proposal 2: Confirm UE group handover triggered by L1/L2 UE group common signaling is not duplicated with L1/L2 mobility in Rel-18 WI of further mobility enhancement, which is target for UE dedicated L1/L2 signaling to trigger handover.
Observation 3: NR Rel-16 MDT/SON has specified the reporting of UE location and mobility status. 
Proposal 3: For UE group handover triggered by L1/L2 UE group common signaling, no need to introduce new measurement and reporting (e.g. UE location and mobility status).
2.1.4.1.1 	Supporting with focusing on common (for multiple UEs) Scell release/activation
Rakuten proposes (R2-2212930):
Observation #3 : SCells can be frequently switched between NES/ Normal states without impacting user performance.

Proposal#3 : RAN 2 focus on providing solution for group common SCells activation/deactivation to reduce latency and signalling load.
2.1.4.2	Sceptical
LG on the other hand proposes (R2-2212823 ) not to continue studying group HO:
Observation 1. Cell-Off is desirable when only a few UEs are connected, while the group HO would be beneficial when numerous UEs are handed over simultaneously.
Observation 2. Dynamic switch mechanism among candidate serving cells is discussed in R18 eMob WI. If the discussion is completed in eMob WI, we can apply it for fast Pcell change without any significant modification. 
Proposal 1. For group handover with HO command, we propose not to introduce new group handover signalling in NES
2.2	NES state of target cell (Scenario 2)
2.2.1 Supporting proposals for NES state of target cell awareness
Rakuten (R2-2212930):
Proposal #5: Include “Priority IE” in current CHO configuration, Source gNB can configure priority based on CHO capability of the target cells.

Proposal # 6 : Include NES awareness in the CHO configuration for target cells.

Proposal # 7 : RAN2 enhance CHO framework for Execution of  CHO through group common signaling when source cell transition to NES state.

Qualcomm (R2-2211602):
Observation 3: NES techniques would be undermined without NES-aware target cell CHO.
Observation 4: Source cell CHO without target cell CHO (Scenario 1 without Scenario 2) can cause UEs to ping-pong between cells attempting to perform source cell CHO to save energy. 
Proposal 4: RAN2 to study target-cell aware CHO as an NES technique.
Observation 5: NES-aware target cell CHO can balance overall NES considerations with individual UE QoS and continuity of service. 
Observation 6: NES-aware target cell CHO can be performed with or without UE awareness of NES cell state at the UE, e.g., the UE can be transparent to NES-state of the cell but configured with two possible target cells with different offsets whereby the non-NES cell is favoured if radio link qualities to the UE are comparable.
Proposal 5: RAN2 to discuss the following two options for NES aware target cell CHO
· Option 1: Define new NES-aware CHO events.
· Option 2: Enhance the existing CHO events to include implicit or explicit NES state of target cell.
Apple (R2-2211682):
Observation 4: There were two concerns for scenario 2:
1. The NW NES mode may change dynamically, and thereby the UE may need to read SIB of the target cell to identify its NES mode.
1. Selection of target cell based on NES mode requires the UE to make the decision rather than NW.  
Observation 5: In legacy CHO, all candidate target cells are assumed with same priority. Therefore, when more than 1 candidate target cells satisfy CHO condition (i.e. A3 / A5 like event), it is up to UE implementation to select which cell to execute HO. 
Proposal 4: Capture Scenario 2 with below wording changes in TR:
· Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected with consideration of whether it is NES cell or not
Proposal 5: For scenario 2, capture below CHO enhancement with candidate target cell (de)prioritization in TR:
· On top of existing CHO mechanism, gNB can configure a priority value for each candidate target cell.
· The setting of priority value is up to gNB implementation (e.g. a low priority value for a NES cell), and its logic behind the priority value is transparent to the UE.
· If more than 1 candidate target cell satisfy the existing CHO condition (i.e. A3 / A5 like event), the UE selects target cell for HO execution based on their priority value configured by source cell.   

But InterDigital (R2-2212326) proposes:
· Proposal 2:	For CHO candidate selection, an NES capable UE to (de)-prioritize the selection of candidate NES cells depending on their NES mode, similar to cell (re)-selection in Idle mode. FFS details on how to achieve it.


2.2.2 Sceptical proposals for NES state of target cell awareness
Huawei (R2-2212872) would rely just RAN3 handling by exchanging NES state of neighbour cells between gNBs:
The possible enhancement is to enable the NG-RAN nodes to exchange the cell NES state, in order to avoid handing over non-NES-capable UEs to a NES cell. This is within the scope of RAN3. No RAN2 enhancements is needed. 
Proposal 2: The HO in scenario 2 has no RAN2 impacts, but only needs some RAN3 enhancement e.g. exchange of cell NES state among gNBs.

Intel (R2-2212115) proposes to postpone target cell NES mode as part of CHO trigger:
Observation#4: For Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCells, depending on the NES mode definition, potential frequent reconfiguration of the NES mode of the candidate PCells will need to be considered.
Proposal#4: Postpone the discussion on Scenario 2 where the CHO execution condition also considers the NES mode of target candidate PCell to the WI phase until the definition of NES mode/cell is clearer.  
Similarly CATT (R2-2211446)
Observation 4: It is not efficient for the UE to consider the NES mode of the target cell when it evaluates the execution conditions of CHO.
Proposal 2: It is not considered for NES for the scenario that UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation.

Similarly Fujitsu (R2-2212641):
Observation 1: The network can configure the target cell considering the NES state of its cell. The network can decide to prevent the NES cell as CHO target cell.
Observation 2: The UE evaluates the target cell indicated in the CHO configuration without NES state consideration.
Proposal 2: NES state aware CHO is not considered in Rel-18 NES. 
And also LG (R2-2212823):
Observation 4. In NES, it is difficult to determine how much performance the target cell can provide by referring only to the NES state. That is, it is difficult for the UE to directly determine the cell most suitable among several candidates
Proposal 4. NW decides candidates for CHO based on NES state of target cell and UE’s data traffic. (UE does not decide (de)prioritization of NES cell depending on the NES state of the target cell)


2.4	Other
Qualcomm R2-2211602:
Proposal 6: Deprioritize discussions on BWP adaptation + group signalling

3	Summary
Regarding Scenario 1 (NES state of source cell awareness), and CHO:
Supporting companies propose to extend the CHO framework by: 

1. associating the CHO conditions to the NES state of the source cell.
2. delaying CHO conditions evaluation (note: currently the evaluation starts immediately upon receiving the CHO configuration), e.g.
a. using a separate indication to the UE in case of dynamic NES mode changes (e.g. a NES mode indication e.g. a L1 signalling such as group common DCI 
b. using a time-based delayed evaluation in case of semi-static/predictable NES mode changes (similarly to NTN CHO)

Generally the CHO framework seems beneficial for speeding up UE offloading/onloading (during cell deactivation/activation). The proposed CHO enhancements seem to enable using CHO for NES, and to reduce signalling overhead. supporting companies do not really show very convincing issues with existing signaling for handling low load scenario that is target of WI but it is clear that if one can save some HO signaling there will be some network energy efficiency gains but if those are sufficient to enhance CHO is to be discussed. 
Sceptical companies are basically saying that there is no real signaling issue when switching the NES state of a cell and that a more dynamic handover is not required as well as signaling load should be low to handover a small group of UEs. For a larger group of UEs, it may not be desirable to handover them for NW energy saving purposes (or target of WI either). 
Regarding Tx power based approaches:
In a paper it was mentioned that one scenario to consider is the gradual lowering of cell (SSB) TX power typically used at cell deactivation (and likewise its increasing in case of cell activation), and saying it is rather slow currently (how long time it takes is to be understood in RAN2) as it involves SI modification procedure. So in order to reduce cell deactivation/activation times, it is proposed to enable faster SSB power adjustments by informing the UEs about the future SSB cell transmit power adjustments (rather than relying on by step-by-step SI changes of SSB transmit power). It is proposed as well biasing UE mobility measurement events based on future cell SSB transmit power adjustments to enable faster offloading/onloading.
Regarding Group HO:
Few companies proposed to study group HO further although in last RAN2 meeting it was agreed to focus on CHO based group HO approaches so it might be best to focus on CHO approaches at this point. 
Regarding Scenario 2 (NES state of target cell awareness) and CHO:
Supporting companies see that the NES state of target cells may change so frequently that it would not be practical to reconfigure events all the time (when NES state of neighbour cell changes). For the solutions, it is proposed that the CHO event is aware of target cell(s) NES state with possible priority indication between target cells for the case that CHO conditions are met for multiple cells.
Sceptical companies were saying that it would be possible for NW already to configure HO/measurement events to take target cell state into account. This might involve RAN3 to transfer NES state of neighbour cells though.
Regarding Other:
As nobody (at least in 8.3.5 AI) proposes to further study BWP adaptation with group signaling it is proposed to not consider it further (unless it comes implicitly with CHO/group HO).

Summary:  It seems CHO solutions for NES are understood generally and possible changes to existing CHO would be to take source/target cell NES state into account in the event evaluation and seen beneficial by many companies. Whether gains from such a solutions are sufficient depend a lot whether NES state changes are seen to happen frequently or whether such a events are seldom (e.g. just once a day i.e. turn NES on for the night time). One notably aspect raised was that currently cell deactivation via SSB transmission power reduction is slow as the power reduction is done gradually and this requires SI modification procedure.
Proposal 1: Discuss to enhance the CHO framework (for faster offloading/onloading during cell deactivation/activation) enabling a delayed evaluation of CHO conditions depending on the NES state of the source/target cell. FFS how to indicate to UE the triggering of the CHO evaluation.  Corresponding TP for this is provided in the Annex
Proposal 2: RAN2 does not consider at this point group HO (optimizing R15 HO procedure).
Proposal 3: RAN2 does not consider at this point BWP adaptation with group signaling (no supporting papers in RAN2)


Appendix: draft TP
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
6.X.1	Connected mode mobility
Aim of connected mode mobility study is to decrease activation/deactivation times of gNBs by enabling faster offloading/onloading during cell deactivation/activation. This would be beneficial if the NES mode of the cell changes frequently. In order to enable this, one can enhance existing conditional handover evaluation by:
1. Delaying the evaluation of conditional handover depending on the NES state of source cell (PCell)
2. FFS how UE is indicated triggering of CHO evaluation

Whenever mobility from source cell is triggered, one could also consider how to choose target cell so that one would choose the cell depending on the NES mode of the cell into account when selecting the new cell. This would ensure that UE would not select cell already operating in NES mode if any other cell is available.




