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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:
	[bookmark: _Toc123635635]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.




In this contribution, we give our view on NES for connected mode mobility
2 	Source Cell Handover
2.1 Motivation
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 1: Source cell HO allow cells with low load to sleep after offloading served UEs to neighbouring cells.
 2.2 Procedure
The basic operation for NES-triggered source CHO, is as follows: 
Step 0: A cell that may go into NES mode* configures UEs with some new NES-related CHO configurations.
Step 1: Source cell decides to offload UEs and go into some form of NES-mode
Step 2: This source cell signals to the UEs to trigger a pre-configured NES-related CHO configuration in connected UEs.
Step 3: UEs receives the trigger and perform a CHO with an appropriate target cell.
Step 4: Source cell goes into NES mode to save energy.
*NES mode is not formally defined by the spec., and it is not in the WID scope to define a specific NES mode. For our intents, we assume that NES mode is some implementation mode of operation for the cell where it cannot/does not prefer to serve connected UEs. 
Following the steps mentioned above, it is clear that:
Proposal 1: To realize this source cell CHO, two aspects need to be enhanced over legacy CHO:
1. RRC configuration of CHO is extended to include the required behaviour.
2. L1/L2 trigger is introduced to invoke a preconfigured CHO procedure for NES purposes. 
To further clarify the required behaviour, we include the figure below:
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To tackle the two steps necessary for NES-source CHO, we must first modify the RRC CHO configuration to include a CHO that is activated only upon an L1/L2 trigger from gNB, e.g., upon receiving L1/L2 trigger, the UE performs a HO to the best target cell. In this case, a “condition” in CHO is an L1/L2 trigger to perform CHO. 
Proposal 2: RRC CHO configuration is enhanced to include a new NES-CHO configuration that can be performed upon receiving an L1/L2 trigger from gNB.  
Naturally, it is useful for the gNB to offload all UEs as quickly as possible. 
Observation 2: It is in the interest of NES operation to happen in unicast L1 signalling or better group L1 signalling, but this will be up to RAN1. 
Proposal 3: RAN2 to ask RAN1 on the feasibility of unicast and group L1 signalling to trigger CHO. 
 In the RAN2 scope, L2 signalling can also be explored as new CHO triggers. 
Proposal 4: RAN2 to discuss the feasibility and benefits of new L2 signalling to trigger NES-motivated CHO. 
3	Target Cell Handover
3.1 Motivation
The assumption behind target cell handover, is to influence the target cell selection of the UE for NES purposes, e.g., to give a concrete example, a UE may choose a target cell with 1-2 dB RSRP than another target cell that may be implementing an aggressive cell DTX cycle, a cell that may be later a target for CHO, or a cell that generally consumes a lot of power. We would like to realize that behaviour whereby a CHO can happen to a target cell balancing the UE QoS and the NES objectives. 
Observation 3: NES gains can be achieved by optimizing target cell selection over both Network Energy goals and target cell quality. 
By inspecting the current spec., the UE can be configured with up to eight candidate cells, e.g., using CondReconfigToAddModList below with specific conditions for execution. It is up to UE implementation which candidate cell to select when more than one candidate cell satisfies the CHO condition.  
CondReconfigToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGTOADDMODLIST-START

CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Need M
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...,
    [[
    condExecutionCondSCG-r17         OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17) OPTIONAL     -- Need M 
    ]]
}

CondReconfigExecCondSCG-r17 ::=  SEQUENCE (SIZE (1..2)) OF MeasId

3.2 Inferring a NES-mode of target cell at the UE
Before discussing possible enhancements, it is important to address the issue of “how a UE can infer a NES mode of the target cell?”. In our view there are two options for that:
Option 1: The UE can read the NES mode of a candidate target cell during measurements. This NES mode may not be known to the source cell. The UE must dynamically update it on the fly. 
Option 2: NES mode of target cell is always known to source cell. It is the source cell responsibility to inform the UE of target cell NES-mode and any changes to RRC configurations. 
In our view, option 1 suffers from a few serious problems:
1. Requires changing SSB to include more information about the cell that is not useful to the UE.
2. Assumes the cells change their NES mode with unrealistic speed.
3. Requires defining and standardizing a NES-mode specifically which is not in the WID scope 
Thus, it should be safe to go with option 2 and assume that an NES-mode (as much as its implementation option by gNB would be known to the source cell).
Observation 4: Source cell should always know about the NES-mode of the target cell. 
Proposal 5: NES-aware target cell CHO enhancements should not introduce new measurement object or configuration. 
3.3 Procedure  
Thus, the scope of this item should be that the source cell can inform the UE about the NES mode of the cell and some differentiation among target cell selection that can achieve NES goals in the following way:
Proposal 6: It is the responsibility of the source cell to inform the UE with the NES mode of the target cell, 
Proposal 7: Target cell selection can be optimized to achieve NES goals in the following ways:
· Option 1: Source cell can provide the UE with a “NES-flag” for some candidate cell to aid in target cell selection when more than one target cell satisfies its respective CHO condition(s). 
· Option 2: CHO can be enhanced with an NES offset to apply for CHO conditions when a target cell is in NES mode.
Conclusion
Observation 1: Source cell HO allow cells with low load to sleep after offloading served UEs to neighbouring cells.
Proposal 1: To realize this source cell CHO, two aspects need to be enhanced over legacy CHO:
3. RRC configuration of CHO is extended to include the required behaviour.
4. L1/L2 trigger is introduced to invoke a preconfigured CHO procedure for NES purposes. 
Proposal 2: RRC CHO configuration is enhanced to include a new NES-CHO configuration that can be performed upon receiving an L1/L2 trigger from gNB.  
Observation 2: It is in the interest of NES operation to happen in unicast L1 signalling or better group L1 signalling, but this will be up to RAN1. 
Proposal 3: RAN2 to ask RAN1 on the feasibility of unicast and group L1 signalling to trigger CHO. 
Proposal 4: RAN2 to discuss the feasibility and benefits of new L2 signalling to trigger NES-motivated CHO. 
Observation 3: NES gains can be achieved by optimizing target cell selection over both Network Energy goals and target cell quality. 
Observation 4: Source cell should always know about the NES-mode of the target cell. 
Proposal 5: NES-aware target cell CHO enhancements should not introduce new measurement object or configuration. 
Proposal 6: It is the responsibility of the source cell to inform the UE with the NES mode of the target cell, 
Proposal 7: Target cell selection can be optimized to achieve NES goals in the following ways:
· Option 1: Source cell can provide the UE with a “NES-flag” for some candidate cell to aid in target cell selection when more than one target cell satisfies its respective CHO condition(s). 
· Option 2: CHO can be enhanced with an NES offset to apply for CHO conditions when a target cell is in NES mode.
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