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1 Introduction
The Network Energy saving (NES) WID RP-223540 was agreed in RAN#98-e [1], the WI objective on CHO enhancement for NES is copied below: 4. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]


In this contribution, we share our view on CHO procedure enhancement(s) based on source cell and target cell's NES mode.
2 Discussion 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.1 General discussion 
CHO enhancement was extensively discussed during study item phase, and captured in TR 38.864 [2]. We copy the related part below:[bookmark: _Toc120880178]6.5.2	Connected mode mobility
During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
1.	Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
2.	How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.
Whenever mobility from source cell is triggered, the NES mode of the target cell could also be considered, e.g., to avoid UEs selecting cells operating in NES mode if any other cell is available.
From RAN2 perspective, CHO enhancements are feasible.
Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2.

 
As can be observed from both WID objective [1] and TR 38.864 [2], there are two scenarios considered: CHO enhancement based on source cell NES node and CHO enhancement based on target cell NES mode. To reduce solution market fragment, we prefer to have an unified CHO enhancement framework to handle both scenarios, i.e. not introduce two mutual-exclusive solutions based on source cell NES mode and target cell NES mode respectively
Proposal 1: Introduce one unified CHO enhancement framework based on both source cell and target cell NES mode, i.e. not introduce two mutual-exclusive solutions based on source cell NES mode and target cell NES mode respectively. 
2.2 CHO enhancement based on source cell NES mode 
As captured in TR 38.864 [2], the motivation of CHO enhancement based on source cell NES mode is to enable faster HO. 6.5.2	Connected mode mobility
During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
1.	Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
2.	How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.



Our understanding on the "motivation of handover the UE faster" is to allow the source cell to enter NES mode faster via a group of UEs executing CHO to another cell simultaneously. In addition, faster entering NES mode can increase source cell NES gain, and avoid that source cell in NES mode can’t serve these UE or can’t satisfy their QoS requirement.
Observation 1: Source cell faster entering NES mode can increase source cell NES gain, and avoid that source cell in NES mode can’t serve Rel-18 UEs or can’t satisfy their QoS requirement.
We would like to confirm this is RAN2 common understanding:
Proposal 2: RAN2 confirm the motivation of CHO enhancement based on source cell NES mode is to allow the source cell to enter NES mode faster via a group of UEs executing CHO to another cell simultaneously.
To achieve this motivation, we think an NES specific CHO condition can be introduced, which is evaluated by the UE  only when it detects the source cell enters NES mode. Specifically, the procedure can be described as follows:
1) Step 1: Source cell (in normal mode) configures both legacy CHO condition (i.e. ConditionalReconfiguration) and NES specific CHO condition (e.g. ConditionalReconfigurationNES) to a group of Rel-18 NES capable UE(s) via legacy UE dedicated CHO command.
· Compared with legacy CHO condition, the NES specific CHO condition is expected to be satisfied easier.
· Example 1: Both legacy and NES specific CHO condition are configured to use A3-like event, but looser threshold is configured in NES specific CHO condition. 
· Example 2: Legacy CHO condition is configured to use A3-like event which evaluates radio condition of both source cell and neighbor cell(s). And NES specific CHO condition is configured to use A4-like event which only needs to evaluate neighbor cell(s).
2) Step 2: Upon reception of CHO command, the UE immediately starts to evaluate legacy CHO condition, and stores the NES specific CHO condition (i.e. not evaluation of NES specific CHO immediately). 
3) Step 3-a: If legacy CHO condition is satisfied, the UE executes CHO and releases NES specific CHO condition. 
4) Step 3-b: Else (i.e. if legacy CHO condition is not satisfied yet), upon detecting that source cell enters NES mode, the UE releases the legacy CHO condition, and start to evaluate the NES specific CHO condition. 
5) Step 4: If NES specific CHO condition is satisfied, the UE executes CHO.
Thus, we propose the basic solution as below:
Proposal 3: For CHO enhancement based on source cell NES mode, introduce a NES specific CHO condition which the UE doesn't evaluate it until it detects the source cell enters NES mode. 
Proposal 4: The NES specific CHO condition may include a looser threshold than legacy CHO condition or a different CHO event (e.g. A4 event). The intention is to apply a relaxed condition of CHO execution, so that the UE can perform handover to another cell quickly. 
Proposal 5: The basic procedure of CHO enhancement based on source cell NES mode is described as below:
1) Source cell configures both legacy CHO condition and NES specific CHO condition to a group of Rel-18 NES capable UE(s) via legacy UE dedicated CHO command.
2) Upon reception of CHO command, the UE immediately starts to evaluate legacy CHO condition, and stores the NES specific CHO condition (i.e. not evaluation of NES specific CHO immediately). 
3) Upon detecting that source cell enters NES mode, the UE releases the legacy CHO condition, and start to evaluate the NES specific CHO condition. 
A followed question is how the UE can detect that source cell enters NES mode. We think there are basically two alternatives:
· Alt-1: via detection of signaling to apply one or more NES technique(s), e.g. RRC signaling to apply Cell DTX/DRX or SIB to indicate legacy UE barring.
· Alt-2: via reception of a UE group common L1/L2 signaling from gNB 
We think both alternatives can work and list their Pro and Cons as follow:
· Pros of Alt-2 over Alt-1:
· A unified signaling framework
· Cons of Alt-2 against Alt-1:
· Cross-WG specification work is required, i.e. RAN1 needs to design a new UE group common DCI. Please note that RAN1 is not involved in this WID objective.   
Observation 2: If UE group common L1/L2 signaling is introduced, RAN1 needs to design a new UE group common DCI, but RAN1 is not involved in the WID objective of CHO enhancement.   
Since this is the first WI meeting, we suggest RAN2 to discuss both alternatives.
Proposal 6: RAN2 discuss the following 2 alternatives on how the UE detects the source cell enters NES mode:
· Alt-1: via detection of signaling to apply one or more NES technique(s), e.g. RRC signaling to apply Cell DTX/DRX or SIB to indicate legacy UE barring.
· Alt-2: via reception of a UE group common L1/L2 signaling from gNB 
2.3 CHO enhancement based on target cell NES mode 
As captured in TR 38.864 [2], we understand the motivation of CHO enhancement based on target cell NES mode is to prioritize normal cell in evaluation of CHO condition. 6.5.2	Connected mode mobility
During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
1.	Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
2.	How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.
Whenever mobility from source cell is triggered, the NES mode of the target cell could also be considered, e.g., to avoid UEs selecting cells operating in NES mode if any other cell is available.
From RAN2 perspective, CHO enhancements are feasible.
Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2.


Actually, we think similar idea was already discussed in RAN2#119b-e [3], but not agreed. The related meeting Note is copied below:
R2-2210019	Discussion on network energy savings	OPPO	discussion	Rel-18	FS_Netw_Energy_NR
Proposal 4	RAN2 considers the NES-state aware CHO, i.e. in CHO, the UE takes the cell NES states into account and could deprioritize/exclude the cell in the NES state when selecting a cell to hand over.
-	Lenovo asks why the network would configure the NES cell in the first place. Oppo explains that the cell state can change and the network wouldn’t know at which stage the UE would do the handover and the UE can read the information of the SIB of the NES cell.  Lenovo explains that the UE is not required to read the SIB of target cell today.  
-	Intel thinks that this requires constant CHO reconfiguration, doesn't sound efficient or to read the SIB of neighbour cell
-	Huawei explains that this requires the UE to make the decision and not clear why this is better. 
-	Ericsson is not sure if we will have many connected mode UEs to need these enhancements.  
-	Vodafone thinks that if the UE is in an NES cell and is making a HO to another cell it would be good to adjust parameters to get away from the NES cell.  
=>	No support for the proposal
 
As captured in the Note of online discussion, we think there were two concerns for this idea:
1) The neighbor cell NES mode may change dynamically, and thereby the UE may need to read SIB of the neighbor cell to identify its NES mode.
2) Selection of target cell based on NES mode requires the UE to make the decision rather than NW.  
Observation 3: During discussion of study item phase, there were two concerns for the idea of CHO enhancement based on target cell NES mode:
1) The neighbor cell NES mode may change dynamically, and thereby the UE may need to read SIB of the neighbor cell to identify its NES mode.
2) Selection of target cell based on NES mode requires the UE to make the decision rather than NW.  
To address the above two issues, we prefer the NW to configure priority in target cell evaluation rather than rely on UE's detection of neighbor cell NES mode. Specifically, all candidate target cells are assumed with same priority in legacy CHO. Therefore, when more than 1 candidate target cells satisfy CHO condition (e.g. A3 or A5 event), it is up to UE implementation to select which cell to execute HO. 
Observation 4: In legacy CHO, all candidate target cells are assumed with same priority. Therefore, when more than 1 candidate target cells satisfy CHO condition (e.g. A3 / A5 like event), it is up to UE implementation to select which cell to execute HO. 
Then, if one or more candidate target cells are NES cell, we think one general enhancement for CHO can be considered:
· 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 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 gNB.   
With this solution, NW is allowed to configure a low priority value for a candidate target cell which is in NES mode, and the UE doesn't need to read SIB of the cell to identify its NES mode. What's more, this enhancement provides more flexibility for NW in CHO when the candidate target cells are with different cell types (e.g. NES cell and mobile IAB cell).   
Thus, we propose:
Proposal 7: For CHO enhancement based on target cell NES mode, introduce a gNB configured priority value for each candidate cell based on their NES mode. The UE is not required to detect NES mode change of the candidate cell(s).
Proposal 8: Irrespectively of legacy CHO condition or NES specific CHO condition being evaluated, if more than 1 candidate target cell satisfy the condition, the UE selects target cell for HO execution based on their priority value configured by source cell. 
2.4 Summary 
As mentioned in Proposal 1, we prefer not to introduce two mutual-exclusive solutions based on source cell NES mode and target cell NES mode respectively. As illustrated in the example flow chart of Figure.1, the proposed enhancement based on source cell NES mode and the proposed enhancement based on target cell NES mode can work simultaneously in one single CHO framework. 
[image: ]
Figure.1 Procedure illustration of CHO enhancement based on both source cell and target cell NES mode 
3 Conclusion
In this contribution, we share our view on CHO procedure enhancement(s) based on source cell and target cell's NES mode. Our observations are:
Observation 1: Source cell faster entering NES mode can increase source cell NES gain, and avoid that source cell in NES mode can’t serve Rel-18 UEs or can’t satisfy their QoS requirement.
Observation 2: If UE group common L1/L2 signaling is introduced, RAN1 needs to design a new UE group common DCI, but RAN1 is not involved in the WID objective of CHO enhancement.   
Observation 3: During discussion of study item phase, there were two concerns for the idea of CHO enhancement based on target cell NES mode:
1) The neighbor cell NES mode may change dynamically, and thereby the UE may need to read SIB of the neighbor cell to identify its NES mode.
2) Selection of target cell based on NES mode requires the UE to make the decision rather than NW.  
Observation 4: In legacy CHO, all candidate target cells are assumed with same priority. Therefore, when more than 1 candidate target cells satisfy CHO condition (e.g. A3 / A5 like event), it is up to UE implementation to select which cell to execute HO. 

Based on observations, our proposals can be found below. We also provide draft TP in Appendix.
General discussion
Proposal 1: Introduce one unified CHO enhancement framework based on both source cell and target cell NES mode, i.e. not introduce two mutual-exclusive solutions based on source cell NES mode and target cell NES mode respectively. 
CHO enhancement based on source cell NES mode
Proposal 2: RAN2 confirm the motivation of CHO enhancement based on source cell NES mode is to allow the source cell to enter NES mode faster via a group of UEs executing CHO to another cell simultaneously.
Proposal 3: For CHO enhancement based on source cell NES mode, introduce a NES specific CHO condition which the UE doesn't evaluate it until it detects the source cell enters NES mode. 
Proposal 4: The NES specific CHO condition may include a looser threshold than legacy CHO condition or a different CHO event (e.g. A4 event). The intention is to apply a relaxed condition of CHO execution, so that the UE can perform handover to another cell quickly. 
Proposal 5: The basic procedure of CHO enhancement based on source cell NES mode is described as below:
1) Source cell configures both legacy CHO condition and NES specific CHO condition to a group of Rel-18 NES capable UE(s) via legacy UE dedicated CHO command.
2) Upon reception of CHO command, the UE immediately starts to evaluate legacy CHO condition, and stores the NES specific CHO condition (i.e. not evaluation of NES specific CHO immediately). 
3) Upon detecting that source cell enters NES mode, the UE releases the legacy CHO condition, and start to evaluate the NES specific CHO condition. 
Proposal 6: RAN2 discuss the following 2 alternatives on how the UE detects the source cell enters NES mode:
· Alt-1: via detection of signaling to apply one or more NES technique(s), e.g. RRC signaling to apply Cell DTX/DRX or SIB to indicate legacy UE barring.
· Alt-2: via reception of a UE group common L1/L2 signaling from gNB 
CHO enhancement based on target cell NES mode
Proposal 7: For CHO enhancement based on target cell NES mode, introduce a gNB configured priority value for each candidate cell based on their NES mode. The UE is not required to detect NES mode change of the candidate cell(s).
Proposal 8: Irrespectively of legacy CHO condition or NES specific CHO condition being evaluated, if more than 1 candidate target cell satisfy the condition, the UE selects target cell for HO execution based on their priority value configured by source cell. 
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