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Introduction
During the RAN4#101bis-e meeting, a way forward on NR NTN RRM requirements [1] was approved. Under the Topic #2 Issue 2-2-1 on “Timeline for NTN CHO” there has been agreed to consider two main options for the DCHO, including several sub-options for the different delay uncertainty terms.
· Option 1: The timeline for NTN CHO is defined as the time between the end of the last TTI containing the RRC command and the start the transmission of the new uplink PRACH, which can be expressed as follows:
· DCHO = TRRC + TEvent_DU + [Tmeasure] + Tinterrupt + TCHO_execution,
· Option 2: 
· DCHO = TRRC + Ttime + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution+ Tdiff,

From the current TS 38.133 clause 6.1.4.2 (NR FR1 – NR FR1 conditional handover) [2] we re-cap the following definitions:
· TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [3].
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover (TS 38.133 clause 6.1.4.2.1).
· Tmeasure is the measurements time stated in TS 38.133 clause 6.1.4.2.2.
· TCHO_execution is the conditional execution preparation time in TS 38.133 clause 6.1.4.2.3. 
· Tinterrupt is the interruption time stated in TS 38.133 clause 6.1.4.2.4.

From the NTN RAN2 #114 agreements, we recap the following:
· CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
· RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event
In this contribution we discuss the preferred option for the definition of the NTN CHO timeline (DCHO) and the corresponding delay uncertainties involved. 

Discussion
As a starting point, we support the use of Issue 2-2-1 Option 1 [1], which is the most aligned form with current specifications in TS38.133 clause 6.1.4.2 [2]:
DCHO = TRRC + TEvent_DU + [Tmeasure] + Tinterrupt + TCHO_execution
Nevertheless, as also pointed out in the Options 1-2-*, this definition requires some amendments to make it suitable for NTN CHO.
First, we believe the Tmeasure must be explicit part of the DCHO expression, and therefore the square brackets around Tmeasure as it appears in Option 1 [1] are not needed.
We propose to adopt Option 1-1-2, such that the location- or time- based conditions are explicitly captured as combined with the measurements, according to the current RAN2 agreements.
Observation 1: The delays needed to determine/evaluate the NTN specific time or location conditions (if configured) should be explicitly part of the TEvent_DU delay uncertainty.
Proposal 1: TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the later of the time when a measurement condition exists at the measurement reference point and the time when a time or location condition (if configured) exists.
Regarding the use of [t1] time in Issue 2-2-1 Option 1-1-1 and Option 2 [1] and considering the RAN2 agreements on [t1] and [t2] (see Section 1), we can note that the network is controlling these values and they define a time window for the UE to perform the CHO without enforcing when the monitoring and/or measurements should be performed by the UE. Furthermore, it is reasonable to assume that only valid configuration will be provided to the UE and the [t1] and [t2] values will be set by the network assuming the delay uncertainties specified in the DCHO expression. 
The contribution [4] indicates the following interpretation for [t1] and [t2]:
· [bookmark: _Hlk76978366][t1] represents the earliest point in time when the UE can perform CHO to the candidate target cell. 
· [bookmark: _Toc79084852][t2] represents the end of the time window, i.e. the latest point in time when the UE shall perform CHO to the candidate target cell.
We support both these interpretations, which are aligned with the NTN RAN2 #114 agreements. It follows from these that the new delay uncertainty Ttime as introduced in Option 2 to accommodate [t1], is in practice not needed. Due to this reason it is expected that the value range of TEvent_DU will be considerably larger than for terrestrial networks. 
Observation 2: It is reasonable to assume that the RRC CHO command transmission time is selected by the network such that the [t1] and [t2] time values are within valid range w.r.t. the delay uncertainties of the NTN CHO timeline, such that the expected TRRC + TEvent_DU + Tmeasure + TCHO_execution  delay ends between [t1] and [t2], as also pointed out in [4]. Therefore, the delays for [t1] (and [t2]) time values do not need to be explicitly part of the delay uncertainties of the NTN CHO timeline.
Proposal 2: Adopt the NTN CHO timeline depicted in Figure below.
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Figure 1 - NTN CHO timeline, with indication of valid range for [t1] and earliest [t2] as configured by the network.

In Issue 2-2-1 Option 2, there is another new delay uncertainty introduced, Tdiff , to account for the “absolute timing difference in ms, between serving and target cells” [1]. In our understanding this timing difference is relevant only for cases when the source and target cells are from different satellites, which is a rather corner case for using CHO due to overhead introduced by the required signaling and configurations mechanisms.
Observation 3: The absolute timing difference between serving and target cells is relevant when the source and target cells are from different satellites.
It is then more natural to extend Tmeasure when required. This can be handled similarly to the current definition of Tmeasure for the cases when TTT or L3 filtering is used i.e., consider Tdiff as an “additional delay” [2].
Observation 4:  The absolute timing difference between serving and target cells introduces a delay to when the target cell is detectable by the UE i.e., when the UE can identify the target cell (SSB measurements) and this procedure is part of the Tmeasure (TS 38.133 clause 6.1.4.2.2).
Proposal 3: The time difference between the source and target cell should be included in Tmeasure.
An open issue to be addressed in RAN4 is what happens to the CHO timeline when the CHO cannot be executed at latest [t2] due to conditions not being met, i.e. during either TEvent_DU  or Tmeasure the corresponding UE procedure fails. One option is to rely on a recovery mechanism as defined in Rel-16. If the UE does not execute CHO until [t2] and it was configured for CHO Recovery, the UE shall keep the CHO configurations for candidate cells.
Proposal 4: Wait for RAN2 decision on how to handle CHO failures.
Conclusion
The document has discussed the preferred options for the definition of the NTN CHO timeline (DCHO) and the corresponding delay uncertainties involved, as part of the way forward for Issue 2-2-1 in [1].
The following observations and proposals are made:
Observation 1: The delays needed to determine/evaluate the NTN specific time or location conditions (if configured) should be explicitly part of the TEvent_DU delay uncertainty.
Proposal 1: TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the later of the time when a measurement condition exists at the measurement reference point and the time when a time or location condition (if configured) exists
Observation 2: It is reasonable to assume that the RRC CHO command transmission time is selected by the network such that the [t1] and [t2] time values are within valid range w.r.t. the delay uncertainties of the NTN CHO timeline, such that the expected TRRC + TEvent_DU + Tmeasure + TCHO_execution  delay ends between [t1] and [t2], as also pointed out in [4]. Therefore, the delays for [t1] (and [t2]) time values do not need to be explicitly part of the delay uncertainties of the NTN CHO timeline.
Proposal 2: Adopt the NTN CHO timeline depicted in Figure below.
[image: ]
Observation 3: The absolute timing difference between serving and target cells is relevant when the source and target cells are from different satellites.
Observation 4:  The absolute timing difference between serving and target cells introduces a delay to when the target cell is detectable by the UE i.e., when the UE can identify the target cell (SSB measurements) and this procedure is part of the Tmeasure (TS 38.133 clause 6.1.4.2.2).
Proposal 3: The time difference between the source and target cell is should be included in Tmeasure.
Proposal 4: Wait for RAN2 decision on how to handle CHO failures.
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