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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:

1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

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

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]

In this paper we address the fifth objective.

[bookmark: _Ref178064866][bookmark: _Hlk51759500]3 Background on CHO
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.



3.1	CHO for NES
During study item CHO for NES was discussed and the following is captured in the TR [1]:

[bookmark: _Toc120880335]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.

It should be noted that NES mode as such is not defined in the TR. In order to be able to understand what kind of dependence is beneficial between CHO condition and NES mode, RAN2 should discuss how the NES mode will be in Release 18. 
The Objective 1 advices that SSB transmission is expected not to change as the SSB-less transmission of objective 1 is only for Scells. 
The Objective 2 is about cell DTX/DRX and has notes “No change for SSB transmission due to cell DTX/DRX.” And “The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.”
The Objective 3 about spatial and power domain energy saving methods has a note that it is only for UE specific channels/signals which means no impact to e.g. SSB or SI.  
The Objective 4 is for idle mode and seems to have similar dependency for understanding NES mode than this CHO objective.
The Objective 6 talks about inter-node beam activation(RAN3). This is presumed to be activation of specific SSB beams. This seems somewhat contradicting to the assumptions of the other objectives as there may be impact to RRM, mobility and RLM.
The Objective 7 is about RAN4 requirements.


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”.
First it should be understood how the NES mode (following of examples 2 or 3) to be specified in Rel-18 will impact the NSE cell operation. 
Currently mobility may account the NES mode by network to simply hand of connected mode UEs based on its own knowledge of UEs RRM measurements and NES capability/mode of the cells in the network. Also, in CHO, the RSRP thresholds can be set by the source cell to reflect possible NES mode or activity it knows about the candidate target cells. This however needs coordination in the network.

Observation 1 By current mobility mechanisms it is possible to do NES based load balancing to an extend provided that network has well coordinated the NES mode of it’s cells.

Potentially, using CHO it could be possible to introduce further support to do for example NES based load balancing in the network. That is, if the candidate target cell can indicate in it’s RRCReconfiguration message the NES capability, current NES state or a priority whether that cell invites more NES UEs or has already a good balance of NES UEs in order to operated efficiently in NES mode. Then, UE could potentially use a scaling or offset in the event threshold, Or one can rank the cells that fullfill the the CHO triggering condition.

Observation 2 It is possible to enhance CHO mechanism to provide better means for the network for NES based load balancing.

 
Proposal 1 RAN2 to progress on Cell DTX/DRX AI and based on it discuss 






6 Conclusion
[bookmark: _In-sequence_SDU_delivery]
1. RAN2 to progress on Cell DTX/DRX AI and based on it discuss 
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