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1	Introduction
The WID on Rel-18 network energy saving holds the following objectives [1]:
	5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]




This follows a SI period in RAN2 which resulted in the following section in TR 38.864 [2] by RAN2:

This was discussed in the email discussion [2] with the agreements below in [3]
Agreements
-	RAN2 agree to make enhancement in CHO procedure based on that the source cell entering “NES mode”.  FFS further details
-	For source cell CHO framework, RAN2 assumes a reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”
-	As a baseline, UE initiates CHO evaluation upon receiving the CHO configuration.  FFS what trigger is used for execution of CHO

In this contribution, we give our view on NES for connected mode mobility

Scope of RAN2 enhancements
The general principle outlined in the WID is to control mobility based on cell “NES mode”. This can be broken down to two possible enhancements:
1. Source cell enters “NES mode”, proceeds to offload some or all of the connected UEs
2. Target cell enters ‘NES mode”, the criteria to HO into that cell becomes harder. 
During the past two meetings there were some attempts to define “NES mode”. In our view, NES mode can refer to a cell where it is not preferred for the UEs to connect. The exact method, by which the cell in NES mode would save energy is unimportant, it can be an implementational solution such as cell switch off or an aggressive cell DTX/DRX cycle; those exact details should not impact the CHO procedure.
Observation 1: The exact mechanism the NW implements to save energy is not relevant to CHO enhancements, it is enough from RAN2 point of view to assume that a source/target cell is a cell where it is not preferred for UEs to connect.
Proposal 1: Working Assumption: “NES mode” of source/target cell means a cell where it is not preferred for the UE to connect. It is up to NW implementation how energy is saved in “NES mode” with less or no UEs Connected.
In our view, RAN2 can and should target enhancements that comprise of a unified solution for source and target cell CHO. No need to breakdown enhancements into complicated case-specific signalling. Furthermore, enhancements should be on top of existing CHO framework. 
Proposal 2: RAN2 should introduce unified CHO solutions for source/target cell entering “NES mode”. Solutions should work on top of current Rel-17 CHO framework. 
Finally, it has been discussed by many companies that L1 dedicated or broadcast triggers should be introduced. In our view, the limited time remaining in this WI with no TUs allocated to this WI objective should dissuade from any solutions that involve RAN1 input as RAN1 would not have the bandwidth for new CHO signalling design. 
Observation 2: RAN1 has no TUs in CHO objective. 
Proposal 3: RAN2 should not introduce a solution that requires RAN1 input.
Motivation of Enhancements
In the past two meetings, it has been difficult to pin-down the motivation of NES CHO enhancements, specifically, the following question keeps coming up.
What would this scheme provide in terms of gains over legacy L3 HO or even Rel-18 LTM currently being discussed?
 In our view, the current cost of a cell going into NES mode is high, the cell has to administer an RRC HO for every UE in the cell in sequence. This introduces high RRC overhead and latency and makes the cost of going into NES mode more expensive as the NW has to HO every UE using L3.  
There are also second-order effects, e.g., when NES-CHO is co-deployed with cell DTX/DRX. Consider the case where the NW starts deploying some form of cell DTX/DRX at 50% load and consistently sees less and less load until it decides to offload all UEs and enter “source cell CHO mode” where “source cell CHO mode” means the cell would physically be switched off, i.e., no UEs can camp or connect. In this case, we can assume the UE is applying a very aggressive cell DTX/DRX cycle right until CHO. Now to offload all UEs via L3 HO, the Cell needs to do one of two things:
1. Perform very slow RRC signalling over multiple cycles to offload all UEs via RRC signalling.
2. Deconfigure Cell DTX/DRX to quickly perform L3 HOs for all UEs in the NW. 
The motivation for source cell HO is to facilitate offloading UEs from a source cell, when the source cell has a low load that can be efficiently served by neighbouring cells. This allows cells with low load to sleep and save energy without radio quality degradation.
Observation 3: RRC signalling to change CHO configuration of all UEs based on source or target cell entering NES mode is slow and energy consuming. It can also undermine other NES features such as cell DTX/DRX     
Suggested Enhancement
High-level view
We propose the following suggested enhancements based on latest RAN2 agreements: 
At a high-level, RRC legacy CHO configuration include an A3-A5 threshold to execute CHO. We propose manipulating this threshold to achieve the “cell-shaping” effect. For example, a cell entering NES mode can modify the thresholds:
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For a cell in Normal mode, the CHO conditions can reflect that the UE selects this cell when it measures the highest RSRP coming from this cell, once cell intend to go into NES mode the CHO condition can be modified for existing CHO configurations at all UEs to make it easier for UEs to CHO into other cells and make it harder for UEs to select this cell. An extreme version of this proposal is to configure very loose CHO conditions that UEs are guaranteed to CHO if a suitable cell is found but stay connected if no suitable cell is found.  
Observation 4: The NES mode CHO functionality can be achieved by manipulating conditions in configured CHO configurations depending on source/target cell mode.
Proposal 4: As a baseline, NES CHO comprises a change in existing CHO configuration conditions to make it harder for UEs to connect or stay connected to a cell in NES mode. 
Configuration
There are two ways, to realize proposal 4. One of the ways of doing that is that the CHO conditions contain multiple conditions offsets to be applied depending on the NES mode of the source/target cell, e.g., A3 event is defined with more than one offset:
· A3: Neighbor cell becomes offset better than PCell/PSCell
· A3’: Neighbour cell becomes offset2 better than PCell/PSCell, when PCell/PSCell is in NES mode and Neighbour cell is in Normal mode
· A3’’: Neighbour cell becomes offset3 better than PCell/PSCell, when PCell/PSCell is in Normal mode and Neighbour cell is in NES mode mode
The same would apply to events A4 and A5. 
The other way to do that is not to “pre-configure” thresholds according to source and/or target NES mode, but rather, change the threshold dynamically on the fly as explained next section. 
Observation 5: CHO configuration can be modified to indicate which threshold to apply if the configuration is enhanced to include multiple offset values depending on source/target cell mode. 
Proposal 5: RAN2 to discuss whether the RRC CHO configuration can be enhanced to include multiple offsets to account for source/target cell being in Normal or NES mode.  
Trigger
Recall that RAN2 had the following agreement:
	As a baseline, UE initiates CHO evaluation upon receiving the CHO configuration.  FFS what trigger is used for execution of CHO



In our view the trigger must be an L2 trigger so that the enhancement is contained within RAN2 as the WID has instructed. There are generally two options for a MAC CE that can act as a “CHO trigger”
Inform UE of Source/Target cell NES Mode:
One way to “trigger” CHO execution is to inform the UE of the new CHO condition in terms of A3-A5 offset. If the RRC enhancement in CHO configuration is adopted, it is straightforward to send a MAC CE to the UE to inform it of the “NES mode” of the source cell and the target cell(s). 
Directly change the CHO condition via MAC CE 
Another method to change the threshold is to indicate to the UE that they should now apply a new offset for a configured CHO, i.e., in this case, the gNB can signal a new offset for the UE to apply for CHO via a MAC CE. 
Direct CHO Command
One common proposal in the last meeting is to send a CHO command to the UE via L1/L2. As we mentioned L1 and especially group L1 signalling is very unlikely since RAN1 is not likely to design this signalling without TUs. On the other hand, L2 command would suffer from some issues.
Observation 6: Directly signalling an HO command via L1/L2 (i.e. the trigger is an HO command) would suffer from the following problems:
1. It is technically not CHO but rather an L2-triggered HO which would encroach on the Rel-18 LTM WI which are developing a technique for that which risks making the HO techniques fragmented.
2. It only works for source cell CHO, i.e., when source cell goes into NES mode, so RAN2 would need to separately develop or at least discuss how to modify CHO configurations if target cell goes into NES mode.
3. No guarantee that UE can find a suitable cell, so this technique is risky and may lead to RLF at the UE. 
We see here that our next proposal avoids all those issues and keeps the enhancement within what is RRC configured already. 
Proposal 6: RAN2 to discuss how an L2 “NES trigger” can modify CHO thresholds among the following two baseline options:
· Option 1: NES CHO trigger informs UE of NES mode of source and target cell(s), UE changes the conditions for CHO according to a pre-configuration of mode dependent A3-A5 offsets. 
· Option 2: NES CHO trigger directly instructs UE to change the condition of an existing CHO configuration. 
Conclusion
Observation 1: The exact mechanism the NW implements to save energy is not relevant to CHO enhancements, it is enough from RAN2 point of view to assume that a source/target cell is a cell where it is not preferred for UEs to connect.
Proposal 1: Working Assumption: “NES mode” of source/target cell means a cell where it is not preferred for the UE to connect. It is up to NW implementation how energy is saved in “NES mode” with less or no UEs Connected.
Proposal 2: RAN2 should introduce unified CHO solutions for source/target cell entering “NES mode”. Solutions should work on top of current Rel-17 CHO framework. 
Observation 2: RAN1 has no TUs in CHO objective. 
Proposal 3: RAN2 should not introduce a solution that requires RAN1 input.
Observation 3: RRC signalling to change CHO configuration of all UEs based on source or target cell entering NES mode is slow and energy consuming. It can also undermine other NES features such as cell DTX/DRX     
Observation 4: The NES mode CHO functionality can be achieved by manipulating conditions in configured CHO configurations depending on source/target cell mode.
Proposal 4: As a baseline, NES CHO comprises a change in existing CHO configuration conditions to make it harder for UEs to connect or stay connected to a cell in NES mode. 
Observation 5: CHO configuration can be modified to indicate which threshold to apply if the configuration is enhanced to include multiple offset values depending on source/target cell mode. 
Proposal 5: RAN2 to discuss whether the RRC CHO configuration can be enhanced to include multiple offsets to account for source/target cell being in Normal or NES mode.  
Observation 6: Directly signalling an HO command via L1/L2 (i.e. the trigger is an HO command) would suffer from the following problems:
· It is technically not CHO but rather an L2-triggered HO which would encroach on the Rel-18 LTM WI which are developing a technique for that which risks making the HO techniques fragmented.
· It only works for source cell CHO, i.e., when source cell goes into NES mode, so RAN2 would need to separately develop or at least discuss how to modify CHO configurations if target cell goes into NES mode.
· No guarantee that UE can find a suitable cell, so this technique is risky and may lead to RLF at the UE. 
Proposal 6: RAN2 to discuss how an L2 “NES trigger” can modify CHO thresholds among the following two baseline options:
· Option 1: NES CHO trigger informs UE of NES mode of source and target cell(s), UE changes the conditions for CHO according to a pre-configuration of mode dependent A3-A5 offsets. 
· Option 2: NES CHO trigger directly instructs UE to change the condition of an existing CHO configuration. 

References
[1] [bookmark: _Ref114823375][bookmark: _Ref118379691]RP-223540, New WID: Network energy savings for NR, December 2022.
[2] R2-2304353	Summary of EMAIL DISC [121bis#xxx] on AI 7.3.5 Connected Mode Mobility Lenovo
[3] RAN2 121-bise Chair notes

image1.PNG
Source cell: NES mode Target cell
Source cell: Normal mode Target cell

CHO A3/A5 condition: False for UE Modified A3/A5 CHO condition: TRUE for UE=> CHO executed to target cell




