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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123 meeting [1], the following agreements were achieved on CHO enhancements for NES:
Agreements
1.	We will support the CHO triggers for the use case of turning off the cell  
2.	(At least for cell DTX/DRX) Time-based CHO is not to be considered in NES.
3	Do not consider using an indication in SIB1 for triggering NES CHO execution condition
In this contribution, we will continue to discuss the CHO triggering mechanism for NES, namely the leftover candidates after the above down-selection:
· Time-based CHO for other purpose but Cell DTX/DRX
· Group-based L1 activation of Cell DTX/DRX
· New MAC CE
· Implicit trigger based on Cell DTX/DRX pattern after RRC configuration
Discussion
1.1. Criterion for down-selection
During previous RAN2 meetings, the concept of “unified CHO trigger(s)” has been considered by some companies. With such approach, the new CHO trigger down-selected from the above list would commonly apply to all NES scenarios based on the NES operations, e.g., cell switch-off, cell DTX/DRX or power/spatial domain NES techniques. 
In our perspective, this additional restriction is not needed and was artificially introduced to remove some of the above candidates. Indeed, CHO triggers have always been designed so far to address specific issues and scenarios in an optimal way, for example NTN-specific CHO triggers. That has always done the job without any signaling issue. So, we don’t see a reason to introduce this new requirement for NES techniques that are very different such as Cell switch-off and Cell DTX/DRX. Moreover, RAN2 has always discussed CHO optimization for RAN2-related NES features so far, ignoring RAN1-related NES features. Therefore, it seems ambitious that the CHO triggers decided in RAN2 would also commonly apply to RAN1 NES features. So in the end, we are only discussing about a common design for two NES features.
On the contrary, we believe that each NES feature should be addressed optimally and with least effort regarding the associated CHO trigger, and unified CHO trigger(s) across NES features should not be considered as a criterion for down-selecting the CHO triggers on the table. Instead, the trigger condition should be discussed on a case by case.
Proposal 1: Unified CHO trigger(s) across NES features should not be considered as a criterion for down-selecting the CHO triggers for NES CHO execution.
1.2. CHO execution trigger for Cell switch-off
For the cell switch-off case, operators clarified during on-line discussions in RAN2#122 meeting that the typical scenario is:
1. Multi-layer cells deployment (no coverage issue)
2. Scenario:
a. one or more cells from that multi-layer are always switched-off at a scheduled time e.g. 10PM, regardless of the number of UEs, UEs’ on-going traffic, etc at that time
b. all UEs must HO at that time to the leftover cells of the multi-layer (no coverage issue expected)
In such case, the network knows the time when the cell is scheduled to switch-off, so the time-based mechanism for triggering the CHO execution is the most appropriate. And no new specification effort is required since the time-based mechanism introduced in Rel-17 for NTN, i.e., CondEventT1, can be reused as a baseline.
Arguments against this approach have been brought up as follows:
Argument 1: “This trigger requires the UE to know UTC time, so it does not work with a UE without GNSS capability”.
That is not true as UTC is also broadcasted in SIB 9, which is widely deployed across all 5G cellular networks. Hence, the case of a UE unaware of UTC time can be considered as marginal and addressed with legacy HO.
Argument 2: “CondEventT1 has been designed specifically for the NTN usecase and does not really apply to Cell switch-off case”.
Indeed, CondEventT1 is defined as follows [3]:
	[bookmark: _Hlk87969184]CondEvent T1: Time measured at UE becomes more than configured threshold t1-Threshold but is less than t1-Threshold + duration;


where:
	        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }


and:
	duration
This field is used for defining the leaving condition T1-2 for conditional HO event condEventT1. Each step represents 100ms.

	t1-Threshold
The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).


From the above, it appears that CondEventT1 defines a CHO execution time interval, namely [t1, t2], rather than a simple triggering time. And indeed, such interval reflects, in NTN networks, the time during which the candidate cell associated with this CondEventT1 is available for handover (beyond t2, the cell is no longer available). So one can argue that t2 is not needed in the context of cell switch-off. That is true, but a CHO execution interval could also make sense in the cell switch-off case where t1 would be defined as a time ahead of the cell switch-off time, to leave time for the UE to evaluate the other CHO triggering condition (typically CondEvent A4, set with a low-enough threshold), and where t2 would define the deadline time when the cell actually switches off. Alternately, if t2 is not needed it suffices to make it an optional field in the above ASN.1 code. Therefore, in the scenario of cell switch-off, the existing CondEventT1 can be reused.
Proposal 2: In cell switch-off scenario, the time-based trigger (CondEventT1) is the most appropriate and simplest solution to trigger NES CHO.
1.3. CHO execution trigger for Cell DTX/DRX
For Cell DTX/DRX, a CHO which execution condition is based on source cell NES mode means the CHO configuration results, amongst other things, in the UE monitoring the trigger specific to the cell DTX/DRX scenario when the serving cell goes into the NES mode. As a result, such “NES mode” dependent CHO can only apply to those UEs configured with Cell DTX/DRX in first place. 
Observation 1: For Cell DTX/DRX, a CHO which execution condition is based on source cell NES mode, can only apply to those UEs configured with Cell DTX/DRX in first place.
From observation 1, it is clear that, when a gNB operating Cell DTX/DRX plans to configure some UEs with a NES-mode triggering CHO, it needs to first configure the Cell DTX/DRX, then configure the CHO, and then activate the Cell DTX/DRX. In cell DTX/DRX scenario, the RAN1-introduced group common L1 signaling based on new DCI format 2_X is therefore appropriate for activating cell DTX/DRX after it has been configured. And it can also be utilized to trigger CHO for the UEs network wants to get rid of. In other words, the L1 activation of Cell DTX/DRX also determines the time to carry out CHO for those UEs that have been configured with CHO conditional to the Cell DTX/DRX activation. Hence, we propose reusing the group common L1 signalling that activates cell DTX/DRX to trigger CHO in cell DTX/DRX case, since it comes for free.
Proposal 3: In cell DTX/DRX scenario, the group common L1 signaling for activating cell DTX/DRX can be used to trigger NES CHO.
Alternately, it should not be mandated for the gNB to use the L1 signaling to activate the Cell DTX/DRX, which could be activated along with the RRC configuration. In such case, when it receives the CHO configuration conditional to the Cell DTX/DRX activation, the UE should in principle consider the NES mode trigger condition as met right away. However, it’s not necessary that all CHO-configured UEs execute CHO at the exact time of cell DTX/DRX activation. That is because the activation signaling may be received during the on-duration of cell DTX/DRX, and the problematic interval for non-suitable UEs is not the on-duration, where UEs are served normally, but the non-active period.
Observation 2:  When Cell DTX/DRX is activated, the problematic interval for non-suitable UEs is not the on-duration, where UEs are served normally but the non-active period.
Therefore, also considering that UEs should be kept as long as possible in the source cell (because the QoE is satisfied), an implicit CHO execution time after Cell DTX/DRX has been activated should be the time the Cell DTX/DRX enters non-active period.
[image: ]
Figure 1: Implicit CHO execution time = start of non-active period
Proposal 4: For Cell DTX/DRX, one possible (implicit) NES CHO execution condition is the time when the Cell DTX/DRX enters non-active period.
Conclusion
According to the analysis in section 2, it is observed and proposed:
Proposal 1: Unified CHO trigger(s) across NES features should not be considered as a criterion for down-selecting the CHO triggers for NES CHO execution.
Proposal 2: In cell switch-off scenario, the time-based trigger (CondEventT1) is the most appropriate and simplest solution to trigger NES CHO.
Observation 1: For Cell DTX/DRX, a CHO which execution condition is based on source cell NES mode, can only apply to those UEs configured with Cell DTX/DRX in first place.
Proposal 3: In cell DTX/DRX scenario, the group common L1 signaling for activating cell DTX/DRX can be used to trigger NES CHO.
Observation 2:  When Cell DTX/DRX is activated, the problematic interval for non-suitable UEs is not the on-duration, where UEs are served normally but the non-active period.
Proposal 4: For Cell DTX/DRX, one possible (implicit) NES CHO execution condition is the time when the Cell DTX/DRX enters non-active period.
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