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Introduction
CHO enhancements in case source/target cells are in NES mode is part of the R18 work item on network energy saving (NES) [1]. In RAN2#121, the following was agreed:
1. Study whether CHO enhancements are needed for the purpose of turning off the cell
2. Continue discussing CHO in the context of different NES techniques.  
The following agreements were reached in RAN2#122 meeting:
Agreements
1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   FFS on how this is achieved in RRC
3.	We will not introduce new L1 signalling for the purpose of CHO
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism

The following agreements were reached in RAN2#123Bis meeting [2]:

Issue 4-1: Signalling for triggering NES specific CHO execution condition.

Agreements:
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.


Issue 4-3: Whether target cell NES mode is considered for CHO.

Agreements:
RAN2 will not specify anything related to target cell NES mode for CHO


This contribution provides a discussion on connected mode mobility aspects for network energy saving, addressing the issues highlighted by rapporteur and making some additional proposals.
Source Cell Side Discussion
When the serving cell turns off, goes dormant, or reduces its coverage due to NES spatial adaptation, some connected UEs can be offloaded and handed over to other neighboring cells. Preparing the handover for each UE and sending the RRC reconfiguration messages individually requires large number of signaling exchanges and can delay the time required before the gNB goes to sleep. Further, the network may not have the latest measurements from some UEs, thus causing some sub-optimal handovers (i.e., not to the best cell).

CHO can be used to reduce service interruption and avoid radio link failures when the source cell quality degrades fast, whereby regular handover RRC reconfiguration messages may not be received by the UE prior to the degradation in a timely manner. 

When a serving cell is entering NES mode, the UE can rely on existing CHO or RLF procedures to recover from any coverage loss caused by NES procedures. It was agreed in RAN2#121Bis meeting [3], that UE may start evaluating the CHO conditions upon receiving the CHO configuration. This is legacy behavior, and it can be useful for UE to have evaluations prior to the source cell entering NES mode.

RAN2 has agreed in RAN2#123Bis meeting for the CHO trigger covering the cell DTx/DRx and cell turn off cases as in the following agreement:

Agreements:
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.

Rapporteur for TS38.331 has identified an open issue on the configuration details for NES specific CHO execution condition:

Issue 4-2: Configuration details for the NES specific CHO execution condition (e.g. whether to add a new offset/threshold or flag to existing CHO events, or add a separate list of MeasIds for NES CHO events).

The network can configure the UEs with CHO conditions which may be based upon legacy measurement events A3, A4 and A5, all set in terms of conditional events.
· Event A3 (Neighbour becomes offset better than SpCell)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
Given that the source cell is entering NES mode, even if the UE measurements show good quality for the source cell relative to the target candidate cells, that may not be sufficient as the source cell is planning to go in NES mode. Thus, it may be interesting to set the execution conditions for evaluation in absolute terms for the target candidate.

To handle CHO for normal and NES modes, following design alternatives can be considered some of which have been taken from post-RAN2#123bis-Email-discussion:

Alt-1:  Different thresholds (or different offsets) associated to a target CHO configuration for normal/legacy and NES operation. 

Alt-2: Independent measurement identities (or events) for normal and NES modes.

Alt-3: Independent conditional configurations for normal and NES modes.

Alt-4: Add a flag to event configuration (as in the current running CR).

Alt-5: Add an “ENMUERATED {true}” to the NEScondExecutionCond in CondReconfigToAddMod.


In the following, we provide analysis on these design alternatives. 

In Alt-1, a UE may be configured with two sets of thresholds/offsets, one is for legacy/normal operation and one set for NES mode. The UE will apply NES thresholds/offsets upon receiving NES CHO trigger from the network. With this implementation, there is no increase of UE complexity in terms of measurements and the network may suitably configure the UE with thresholds for normal and NES operation.

Observation 1: Configuring two sets of thresholds/offsets to measurement events allows the network to suitably configure the UE with normal and NES CHO operation without any additional complexity.

In the Post-RAN2#123bis email discussion, some companies mentioned the issue of handling the following cases:
· Scenario 1: 1 NES-CHO event + 1 normal event 
· Scenario 2: 2 NES-CHO events 
It would be important to note that the network may configure the threshold/offset values in such a manner that a given condition/event become effectively inactive. This would allow to handle both of the above cases with network implementation providing the suitable threshold/offset values. 

Observation 2: Configuring two sets of thresholds/offsets to measurement events allows the network to choose which events are active for normal mode and for NES mode without additional signaling.

This has an additional important benefit in making the RRC specification simpler, in particular for section 5.3.5.13.4 where no corner cases and explicit handling for scenario 1 or scenario need to be supported.

Observation 3: Configuring two sets of thresholds/offsets to measurement events allows to simplify the RRC specification and UE behavior. 

In Alt-2, the network provides independent (set of) measurement identities (or events) with a candidate configuration where one set may be for normal scenarios and a second set may be used in NES scenarios. This may add flexibility in defining independent suitable events for normal and NES scenarios tied to a single target cell conditional configuration. This may though limit the normal CHO operation if a CHO configuration can be configured with only two measurement identities as in legacy. This would imply that with one NES condition, normal CHO will have only one event compared to legacy where it could have 2.

One way to implement this alternative is to increase the number of measurement identities to 3 or 4 which can be associated to conditional configuration. This may increase the UE complexity to handle the measurement identities. Secondly this may complicate the specification to capture the UE behavior.

Observation 4: Configuring a given target configuration with up to 4 measurement identities, up to 2 for normal mode and up to 2 for NES mode, may increase the UE complexity to handle the measurement and complicate the processing. 


In Alt-3, a target CHO configuration is configured either for normal or NES operation. This implies that if a target configuration is to be used for normal mode and NES mode, the network will configure it twice, once with normal events and once with NES based events. This may reduce the number of target cells which can be configured as a single target may need to be configured twice, once for normal operation and once for NES mode. This also increases the configuration overhead.

Observation 5: Configuring a given target configuration independently with normal measurement identities and NES measurement identities may increase the configuration overhead and reduce the number of target CHO configurations that a UE may support.

In Alt-4, add a flag to event configuration (as in the current running CR), condTriggerConfig has a flag nesEvent which can be set to true for an NES event. This has the disadvantage that an event will either be for a normal event or an NES event. This then leads to the same behavior as in Alt-2 captured above, i.e., either normal CHO gets limited compared to legacy or additional measurement identities need to be supported by the UE. In combination with Alt-4, if a UE can be configured once with normal events and once with NES events, then Alt-4 resembles Alt-3 and has the similar disadvantages.

Observation 6: Alt-4, add a flag to event configuration (as in the current running CR), has the similar drawbacks as Alt-2 or Alt-3.


Alt-5, add an “ENMUERATED {true}” to the NEScondExecutionCond in CondReconfigToAddMod, implies that a given conditional configuration will be either for normal operation or for NES operation. This is essentially Alt-3 with an indication of NES through this enumerated flag. Thus, it has the same disadvantages as noted above for Alt-3. If the network needs to configure a target configuration which is applicable for both normal and NES Modes, the network needs to configure it twice. This will increase the signaling overhead and the number of independent cell configurations that a UE may support.

Observation 7: Alt-5, add an “ENMUERATED {true}” to the NEScondExecutionCond in CondReconfigToAddMod, has the similar drawbacks as Alt-3. It will result in configuration overhead and reduced number of independent cell configurations that a UE can be configured with.

Based upon the observations made on how to do the design for NES CHO configurations, we have the following proposal:

Proposal 1:	For NES based CHO configuration, Alt-1 is supported, i.e., a single target CHO configuration can be configured with two sets of thresholds/offsets where one set of thresholds/offsets is for normal/legacy operation and a second set for NES operation.

Conclusions
In this contribution mobility and CHO aspects in energy saving networks are discussed. The following observations are made:

Observation 1: Configuring two sets of thresholds/offsets to measurement events allows the network to suitably configure the UE with normal and NES CHO operation without any additional complexity.

Observation 2: Configuring two sets of thresholds/offsets to measurement events allows the network to choose which events are active for normal mode and for NES mode without additional signaling.

Observation 3: Configuring two sets of thresholds/offsets to measurement events allows to simplify the RRC specification and UE behavior. 

Observation 4: Configuring a given target configuration with up to 4 measurement identities, up to 2 for normal mode and up to 2 for NES mode, may increase the UE complexity to handle the measurement and complicate the processing. 

Observation 5: Configuring a given target configuration independently with normal measurement identities and NES measurement identities may increase the configuration overhead and reduce the number of target CHO configurations that a UE may support.

Observation 6: Alt-4, add a flag to event configuration (as in the current running CR), has the similar drawbacks as Alt-2 or Alt-3.

Observation 7: Alt-5, add an “ENMUERATED {true}” to the NEScondExecutionCond in CondReconfigToAddMod, has the similar drawbacks as Alt-3. It will result in configuration overhead and reduced number of independent cell configurations that a UE can be configured with.

The observations and analysis have led to the following proposal:

Proposal 1:	For NES based CHO configuration, Alt-1 is supported, i.e., a single target CHO configuration can be configured with two sets of thresholds/offsets where one set of thresholds/offsets is for normal/legacy operation and a second set for NES operation.
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