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1. Introduction
[bookmark: Proposal_Beacon]Following agreements were made with regards to CHO procedure in the last meeting (RAN2#122):
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

This document progresses the NES mobility procedure from source as well as target cell’s aspect.
2. Discussion: Source side
Let us first look at the source side and check how the modelling for NES-CHO may work.
To start, based on the agreements from the last meeting, a source cell must send CHO to the UE early enough (as is also the main motivation generally for “conditional” handovers), allowing the RRC Connected UEs in the cell sufficient time to evaluate handover conditions contained in the CHO.
-	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

Based on the above principles, following three modelling for NES-CHO can be proposed:

Model A:
Step1: RRC Configures Cell DTX/ DRX configuration of the source cell - Cell DTX/ DRX is deactivated.
Step2: NES-CHO configuration is received, and condition evaluation starts immediately.
Step3: A target cell is found.
Step4: L1 group common signalling activates Cell DTX/ DRX.
Step5: HO Execution is started immediately (Option-A), or UE waits until the source is about to enter Cell DTX/ DRX (Option-B).


Model B:
Step1: RRC Configures Cell DTX/ DRX configuration of the source cell - Cell DTX/ DRX is deactivated.
Step2: NES-CHO is received.
Step3: L1 group common signalling activates Cell DTX/ DRX. 
Step4: HO condition evaluation starts.
Step5: A target cell is found.
Step6: HO Execution is started immediately (Option-A) or UE waits until the source is about to enter Cell DTX/ DRX (Option-B).

Model C:
Step1: RRC Configures Cell DTX/ DRX configuration of the source cell - Cell DTX/ DRX is activated.
Step2: CHO is provided including NES-CHO-Condition and HO condition evaluation starts.
Step3: A target cell is found.
Step4: HO Execution is started immediately (Option-A) or UE waits until the source is about to enter Cell DTX/ DRX (Option-B)

Model B is essentially not correct since here the HO condition evaluation does not start immediately after the NES-CHO configuration is received in the UE. 
Between Mode A and Model C, the difference mainly lies in the fact if Cell DTX/ DRX is activated immediately using the same RRC signalling that configured Cell DTX/ DRX, or later using L1 group common signalling. We think this is an implementation choice and even the same network may use a different modelling for different UEs, depending on e.g., how far away is the cell sleep start time at the time of transmitting the dedicated RRC Configuration to a UE.
Proposal 1: The RRC Configuration including Cell DTX/ DRX configuration can explicitly activate the received Cell DTX/ DRX configuration, else, received cell DTX/ DRX is considered deactivated.

As another discussion point, a mobility originating purely due to network energy saving reason is fundamentally “Artificial mobility!” as UE is (or may be) in good radio of the source cell, even at cell center. To “push the UE out” configuring CHO-NES i.e., relaxed CHO condition (e.g., lower event Threshold) increases the UE’s chances of finding a target cell but, but a target qualifying threshold(s) from relaxed condition may not be in a good enough radio to service UE with required QoS. If the UE executes handover immediately after the fulfillment of relaxed condition, some bearer’s QoS may not be fulfilled in the target side and UE’s stay in the target may be short-lived. [Too-early handover case]. So, the UE may prolong its stay on the source cell and the time when the source cell starts (or about to start) Cell DRX/ DTX sleep can be determined by the UE based on the received start offset of Cell DTX/ DRX configuration received in UE dedicated RRC signalling. Therefore:
Proposal 2: If relaxed measurement evaluation condition(s) (NES-CHO) is configured and subsequently handover condition is met, UE starts handover execution only when the source cell is about to get into Cell DRX/ DTX sleep.
Proposal 3: The time when the source cell starts (or about to start) Cell DRX/ DTX sleep can be determined by the UE based on the received start offset of Cell DTX/ DRX configuration received in UE dedicated RRC signalling.
In a CHO configuration, the network may include both legacy CHO condition and NES-CHO condition. The evaluation for these may be independent. A (legacy) CHO execution happens immediately once a handover target is identified.
Proposal 4: Network may include both legacy CHO and NES-CHO in the same RRC Reconfiguration message. A target from legacy CHO condition fulfillment has priority over that of one from NES-CHO.

The target side:
A handover target is a candidate cell for which all the handover condition(s) are fulfilled. UE however needs to determine if a candidate cell fulfilling handover conditions is or will be in sleep by UE’s arrival in the target (e.g., during T304 is running). If this is not done so then immediately after completion of RACH procedure either the target needs to get active to serve this UE, thus sacrificing energy saving, or UE will be released/ redirected/ handed over immediately upon arriving on the target cell (e.g., as soon as the UE transmits HO Complete on the target side in RACH Msg3), this impacting “user experience”. To avoid this, the serving cell can provide DRX/ DTX configuration for each candidate cell included in CHO. A UE determines if a candidate is using NES and if so, will it be sleeping around the time the UE arrives at the target. Another solution being proposed by some companies is that some prioritization per candidate cell can be indicated by the source cell in the CHO, but it is not clear how this ensure that the UE executes handover exactly when the target is not sleeping. Of course, it is best if the source would include only candidates that are not using NES technique, but it is unclear how far is this possible.
Observation 1: It may not be possible to always avoid including NES candidate cells in CHO.
Proposal 5: If NES candidate cell(s) are included in CHO, the serving cell can provide DRX/ DTX configuration for each candidate cell included in CHO. 
Proposal 6: A UE determines if a candidate is sleeping around the time the UE arrives at the target.
Finally, what happens when there’s still no non-sleeping candidate/ target cell when the source cell is about to enter sleep?
· Option 1: UE selects a best amongst worst candidates
· Option 2: UE informs the serving cell about un-availability of a target cell just before the serving cell will sleep. After receiving this information from the UE, gNB can delay the state transition to sleep.
· Option 3: UE meets RLF since there’s no cell fulfilling handover conditions and source sleeps.
It may be useful to have RAN2 discussion on this, but proponent think that allowing RLF to happen is not the best choice since RAN2 has strived since release 8 to minimize RLFs, in its various studies/ work undertaken.
Observation 2: Executing handover to a sleeping cell might lead to handover failures and RLF.
Observation 3: RAN2 has strived since release 8 to minimize RLFs, in its various studies/ work undertaken. And it is sensible if we do not introduce a new reason for RLF.
Proposal 7: UE informs the serving cell about un-availability of a target cell when there’s still no target and the source cell is about to enter sleep.
3. Conclusion

This document discussed NES mobility procedure from source as well as target cell’s aspect. Following proposals are made:
Proposal 1: The RRC Configuration including Cell DTX/ DRX configuration can explicitly activate the received Cell DTX/ DRX configuration, else, received cell DTX/ DRX is considered deactivated.
Proposal 2: If relaxed measurement evaluation condition(s) (NES-CHO) is configured and subsequently handover condition is met, UE starts handover execution only when the source cell is about to get into Cell DRX/ DTX sleep.
Proposal 3: The time when the source cell starts (or about to start) Cell DRX/ DTX sleep can be determined by the UE based on the received start offset of Cell DTX/ DRX configuration received in UE dedicated RRC signalling.
Proposal 4: Network may include both legacy CHO and NES-CHO in the same RRC Reconfiguration message. A target from legacy CHO condition fulfillment has priority over that of one from NES-CHO.
Observation 1: It may not always be possible to avoid including NES candidate cells in CHO.
Proposal 5: If NES candidate cell(s) are included in CHO, the serving cell can provide DRX/ DTX configuration for each candidate cell included in CHO. 
Proposal 6: A UE determines if a candidate is sleeping around the time the UE arrives at the target.
Observation 2: Executing handover to a sleeping cell might lead to handover failures and RLF.
Observation 3: RAN2 has strived since release 8 to minimize RLFs, in its various studies/ work undertaken. And it is sensible if we do not introduce a new reason for RLF.
Proposal 7: UE informs the serving cell about un-availability of a target cell when there’s still no target and the source cell is about to enter sleep.
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