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1	Introduction
A new WI on Network energy savings for NR was approved at RAN#98[2]. The WI aims to specify the following enhancements for connected mode mobility:


1. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

[bookmark: _Ref178064866][bookmark: _Hlk51759500]3 CHO for NES
Background for CHO operation is given in the Appendix of this paper. 
During the study item (SI) phase, cell DTX/DRX was discussed, and the following RAN2 conclusions were captured in the TR [2].
	6.1.4.4	Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
· The study focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase.
From RAN2 perspective, Cell DTX/DRX is feasible.



Observe that ”Note: No change for SSB transmission due to cell DTX/DRX” in the WI description rules out Example 1 from the TR.
Examples 2, 3 are about turning off data channels only which as such does not impact mobility. However, it can be discussed whether this is a NES mode that will impact CHO operation e.g. “1. Evaluation of conditional handover conditions depending on the NES mode of source/target cell”.
In previous RAN2 meeting the following agreements were reached:

Agreements:
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.  


It should be understood how the NES mode (following of examples 2 or 3) is to be specified in Rel-18 as that will impact the NES cell operation and therefore the need for CHO improvements. In the previous meeting, the following RAN2 agreements were reached for the cell DTX/DRX operation:


Agreements 
3. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
4. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
5. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
6. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

In the previous meeting, it was discussed whether L1/L2 fast indication could activate the CHO command, or the actual HO, such that the UE could be quickly handed off from the source cell when the source cell initiates the cell DTX/DRX or deactivates. From the perspective of the UE which is handed off, it is not relevant whether the source cell deactivated or started cell DTX/DRX mode. Note that it has been agreed that the cell DTX/DRX pattern is common for all UEs. What should be considered is that whether deactivation or starting cell DTX/DRX can happen very suddenly, or whether it is preknown to the network. Already today, it is possible for a cell to deactivate and UEs served by such cell can be handed off from the cell by legacy means. 

However, regardless of whether fast activation is supported or not, there should always be target cell which is good enough for the UE to move into. If UE has been configured with CHO earlier, and then cell is about to deactivate or start active DRX/DTX it is not necessarily known to the network whether the UE has good enough candidate target cell available. Hence if UE receives information on cell starting DTX/DRX, it would be needed that the UE can inform the network in case it does not see good enough target cells. 

Observation 1 [bookmark: _Hlk131713408]Network should know whether there are UEs that definitely needs to be served by the cell without causing data interruption of the HO, or possible HO failure if the RSRP is not excellent in the target cell.

Proposal 1 Network needs to know if there are no good enough candidate target cells for CHO at the time cell is going to deactivate or enter cell DTX/DRX.


It is a tradeoff between performance and power savings for the cell whether to enter in NES mode or not. This is further different at different network loads and depends on whether the cell is serving legacy UEs or NES capable UEs. 

Observation 2 It is a tradeoff between performance and power savings whether to enter in NES mode or not. This is further different at different network loads.
For some NES UEs configured with CHO, more than one cell may fulfill the RSRP threshold and as per current specification, it is up to the UE to selected the target cell. The candidate target cell could be chosen based on the NES mode of operation of the cell. 

Observation 3 It is possible to enhance CHO mechanism to provide better means for the network for NES based load balancing.

[bookmark: _Hlk131170155] 
Proposal 2 Enhance CHO procedure to enable priorization of candidate target cells by the UE based on NES mode.

If the UE is performing HO or CHO and experiences HO failure due to cell being in NES mode, UE should inform the network about the HO failure cause. 

 
Proposal 3 If the UE is performing HO or CHO and experiences HO failure due to cell being in NES mode, UE should inform the network about the HO failure cause.




6 Conclusion
[bookmark: _In-sequence_SDU_delivery]
Observation 1	Network should know whether there are UEs that definitely needs to be served by the cell without causing data interruption of the HO, or possible HO failure if the RSRP is not excellent in the target cell.
Observation 2	It is a tradeoff between performance and power savings whether to enter in NES mode or not. This is further different at different network loads.

Observation 3	It is possible to enhance CHO mechanism to provide better means for the network for NES based load balancing.

Proposal 1	Network needs to know if there are no good enough candidate target cells for CHO at the time cell is going to deactivate or enter cell DTX/DRX.

Proposal 2	Enhance CHO procedure to enable priorization of candidate target cells by the UE based on NES mode.

Proposal 3	If the UE is performing HO or CHO and experiences HO failure due to cell being in NES mode, UE should inform the network about the HO failure cause.
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8 Appendix

In NR Rel-16 conditional handover (CHO) was introduced. In CHO, the UE is configured with CHO command which includes RRCreconfiguration for up to 8 candidate target cells and each target cell are associated triggering conditions. The main IE looks as follows:
[bookmark: _Toc115428994][bookmark: _Toc60777200]–	CondReconfigToAddModList
The IE CondReconfigToAddModList concerns a list of conditional reconfigurations to add or modify, with for each entry the condReconfigId and the associated condExecutionCond/condExecutionCondSCG and condRRCReconfig.
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

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

	CondReconfigToAddMod field descriptions

	condExecutionCond
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO, CPA, intra-SN CPC without MN involvement or MN initiated inter-SN CPC. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refer to the same measObject. For CHO, if network configures condEventD1 or condEventT1 for a candidate cell network configures a second triggering event condEventA3, condEventA4 or condEventA5 for the same candidate cell. Network does not configure both condEventD1 and condEventT1 for the same candidate cell.

	condExecutionCondSCG
Contains execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for SN initiated inter-SN CPC. The Meas Ids refer to the measConfig associated with the SCG. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refer to the same measObject. For each condReconfigId, the network always configures either condExecutionCond or condExecutionCondSCG (not both).

	condRRCReconfig
The RRCReconfiguration message to be applied when the condition(s) are fulfilled. The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration or the field daps-Config.



	Conditional Presence
	Explanation

	condReconfigAdd
	The field is mandatory present when a condReconfigId is being added. Otherwise the field is optional, need M.



After receiving the CHO command, UE starts to evaluate whether to trigger a handover to a target cell upon fulfilling a condition, or both. As a condition to trigger handover, the candidate target cells may be configured with up to two CHO trigger conditions: A3 and A5 measurement-based events. If two CHO trigger conditions are configured the UE may only trigger the handover if both CHO trigger conditions are fulfilled for one of the candidate target cells.
In Rel-17, the CHO was enhanced in the context of nonterrestrial network (NTN) WI. The following new conditions were introduced:
· A measurement-based trigger condition called A4; “Neighbour becomes better than threshold”.
· A time-based trigger condition; based on a time window which indicates when the UE may trigger and execute CHO to a candidate target cell. 
· A location-based trigger condition; based on a distance threshold from the UE to the source cell and to a candidate target cell, i.e., distance between the device and the serving cell reference location, referenceLocation1, becomes larger than absolute threshold1 and the distance between device, and the candidate target cell reference location, referenceLocation2, becomes shorter than absolute threshold2.
Also in Rel-17 the NR NTN device can be configured with maximum two trigger conditions per candidate target cell. The time and location-based trigger conditions are only supported in combination with a measurement-based trigger condition. It is not possible to configure time and location-based trigger conditions simultaneously.  
The location-based condition for CHO follows the RRM event of D1. The time-based event is defined by T1 and a duration. The event itself becomes fulfilled when time measured at UE becomes more than configured threshold T1 but is less than T2 where T2 is T1+duration. As time-based event is configured together with signal quality/strength event, the CHO can be performed to a candidate target cell when the signal strength related event is fulfilled during the time between T1 and T2.
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