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Introduction
[bookmark: _Hlk84414552][bookmark: _Ref178064866][bookmark: _Hlk51759500][bookmark: _Hlk94878961]One of the remaining open issues in Release-17 for connected mode is related to time-based CHO and whether the UE shall keep or discard the CHO configuration at T2 expiry if the execution condition for the candidate target cell has not been fulfilled.
This issue was discussed at the last RAN2 meeting without any assumptions or conclusions being reached.
Comparing with CHO legacy behaviour
[bookmark: _Hlk100654196]During the discussion of this issue, it was claimed by some companies that keeping the CHO configuration after T2 expiry, for the purpose of a potential re-establishment procedure and if the selected cell happens to be one of the candidate target cells in the CHO configuration, is according to CHO legacy behaviour.
[bookmark: _Hlk100661621]As of today, the attemptCondReconfig field in the ConditionalReconfiguration IE indicates whether the UE is allowed to, after an initial CHO execution attempt failure, perform a conditional reconfiguration (i.e. another CHO attempt) if the selected cell is a candidate target cell.
The concept is described in TS 38.300 as follows:
“When initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed.”
However for time-based CHO, when T2 expires, the UE may not even have tried to execute CHO to a candidate target cell simply because the signal strength/quality condition was not fulfilled for the candidate target cell. In other words, expiration of T2 is a new scenario without a matching legacy scenario to be used as a baseline.
A scenario matching the legacy scenario is rather if the UE triggers CHO, fails to execute it, initiates the re-establishment procedure and opportunistically converts it into a CHO attempt, all before T2 expiry.
[bookmark: _Toc101510422]Referring to CHO legacy behaviour is not correct since expiration of T2 is a new scenario without a matching legacy scenario.
[bookmark: _Toc101510423]A scenario matching the CHO legacy behaviour is rather if the UE fails to execute CHO, initiates the re-establishment procedure and converts it into a CHO attempt, all before T2 expiry.

What is the issue of using the CHO configuration after T2 expiry?
In RAN2 the time-based CHO agreements are defined accordingly:
4.	UE is allowed to perform HO only during T1 to T2

1.	RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event. 
1.	The maximum supported value for timer T2 is 10 minutes (600 seconds).
2.	If the CHO is not executed at T2 (timer associated with this candidate CHO cell) the UE continues to operate in the source cell and evaluates other CHO execution conditions (if configured).

T1 is the starting point of the time period represented by a UTC, e.g. 00:00:01, and T2 is the end point of the time period represented by a time duration, e.g. 40 seconds. Both T1 and T2 are provided to the UE in the CHO configuration for the candidate target cell.
[bookmark: _Hlk100586292]The RAN2 agreements quoted above implies that the UE is only allowed to perform handover to the candidate target cell in the time window defined by T1 and T2 if the RRM-based trigger condition (always configured together with the time-based trigger condition) is fulfilled within this time period.
The RAN agreements also implies that the network is not required to keep the cell resources and the CHO configuration after T2 expiry if the UE has not triggered a CHO at this point. As commonly known, from a network perspective it is not preferred to reserve target cell resources for a longer time period during a handover. Cell resources, such as CFRA preambles, are typically limited and need to be shared with all the other users accessing the network.
[bookmark: _Toc101510424]The RAN2 agreements for time-based CHO implies that cell resources reserved by the network during the Handover Preparation phase do not need to be kept after T2 expiry if the UE has not trigged a CHO until then.

The fact that the network is not required to keep the cell resources and the CHO configuration after T2 expiry may result in different network behaviour depending on implementation. In some network implementations the target cell resources/CHO configuration may be discarded at T2 expiry while in other implementations the target cell resources/CHO configuration may be kept for some time after T2 has expired. For the UE this will cause an ambiguity whether or not the network has chosen to release the reserved target cell resources after T2 expiry.
[bookmark: _Hlk101429628]If the network has chosen to retain the reserved cell resources and the UE configuration after T2 expiry, a potential re-establishment procedure followed by a CHO attempt (i.e. provided the selected cell happens to be (one of) the candidate target cell(s) in the CHO configuration) may very well succeed. But if the network has chosen to release the reserved cell resources and the UE configuration after T2 expiry, the CHO attempt will undoubtably fail. In fact, the failed CHO attempt may result in an increased access delay compared to a case where the UE would have sent an RRCReestablishmentRequest message in the first place since the UE has to revert to sending either an RRCReestablishmentRequest message or an RRCSetupRequest message to re-establish the connection to the network.
Additionally, if the UE is provided with a CFRA preamble to be used when accessing the candidate target cell in the associated time window, the preamble will not be understood when received in the target cell after T2 expiry if the reserved cell resources and the UE configuration is discarded in the network after T2 expiry (alternatively and even worse, the CFRA preamble may have been allocated to another user after T2 expiry). As a result, the RA procedure will be delayed since the UE need to restart the RA procedure again.
[bookmark: _Toc101510425]Depending on network implementation, reserved network resources may be released at T2 expiry or retained for some time after T2 expiry. As an effect of the (for the UE) unknown network behaviour, the access delay for the UE may increase in case of a re-establishment procedure.

Consequently, the UE may gain some time in the re-establishment procedure in some scenarios/deployments if the network has chosen to retain the reserved cell resources after T2 expiry, but the UE may also lose some time in the re-establishment procedure (compared to a case where the UE would have sent an RRCReestablishmentRequest message in the first place) in other scenarios/deployments if the network discards the reserved cell resources after T2 expiry. In the latter case it may also prolong the access time for other users if the CFRA preamble has been reused after T2 expiry.
In addition, the configured end point of the time window (T2) can easily be seen as a substitute of a network triggered release of the CHO configuration by means of the RRCReconfigurationRequest message. From this perspective it is also logical for the network to regard T2 as the point in time when the candidate target cell resources associated to the UE can be released and re-used for other users accessing the same cell.
Altogether, we think that network and UE performance as well as the robustness of the network will benefit from a predictable UE behaviour at expiration of T2, i.e. the CHO configuration is discarded at T2 expiry if the execution condition for the candidate target cell is not fulfilled.
[bookmark: _Toc101510426]Predictable UE behaviour benefits both network and UE performance and robustness.
[bookmark: _Toc101510428][bookmark: _Hlk94872600]The UE discards the CHO configuration at T2 expiry if the execution condition for the candidate target cell is not fulfilled.

[bookmark: _Hlk94872626]On the other hand, if the time and RRM-based trigger conditions are fulfilled within the time period defined by T1 and T2 but the CHO attempt fails to the candidate target cell, the UE should be able to re-use the CHO configuration in the re-establishment procedure (similar to the Rel-16 CHO behaviour) as long as T2 has not expired for the associated candidate target cell.
The prerequisite for this UE behaviour should however be the same as in Rel-16, i.e. the UE has been configured with the attemptCondReconfig in the ConditionalReconfiguration IE by the network.
[bookmark: _Toc95382756][bookmark: _Toc101510429]Provided T2 has not expired, the UE should be able to re-use the CHO configuration for the associated candidate target cell in a re-establishment procedure.

XnAP/NGAP signalling impact
[bookmark: _Hlk95232938]When the UE discards the CHO configuration at T2 expiry (if the execution condition for the candidate target cell is not fulfilled and thus the UE did not attempt a CHO), a candidate target node may release the reserved cell resources associated to a candidate target cell after the expiry of the time window (taking into account the RTT between the UE and the candidate target node) without any further indication from the source node, if the time window represented by T1 and T2 is known by the candidate target node.
For this reason, it should be considered to support the option of providing the time window (in which the UE is allowed to perform CHO to the associated candidate target cell) to the candidate target node during the Handover Preparation phase of an inter-gNB time-based CHO.
If the UE did not select/connect to the candidate target cell during the associated time window, i.e. if the execution condition for the candidate target cell was not fulfilled, the candidate target node may release the reserved cell resources immediately after T2 expiry (taking into account the RTT between the UE and the candidate target node), without having to wait for a release request message from the source node.
For the source node it means that it does not need to send a release request message (e.g. Handover Cancel) to the candidate target node serving the candidate target cell if the time window (in which the UE is allowed to perform CHO to the associated candidate target cell) is included in the inter-node Handover Request message.
This improvement could be useful from a signalling offload perspective if one or more time-based candidate target cells are prepared to a large number of UEs.

[bookmark: _Toc101510427]If the time window (represented by T1 and T2) in which the UE is allowed to perform CHO to a candidate target cell is known by the candidate target node, and the UE did not select/connect to the candidate target cell during this time window, the candidate target node may release the reserved cell resources immediately after the time window has expired without any further indication from the source node.

[bookmark: _Toc101510430][bookmark: _Hlk100331407]RAN2 to consider a solution where the source node has the option to provide the time window (in which the UE is allowed to perform CHO to the candidate target cell) to the candidate target node during the Handover Preparation phase of an inter-gNB time-based CHO.
[bookmark: _Toc101510431]Provided RAN2 agrees to the above proposal, RAN3 should be liaised to consider an update to the relevant XnAP/NGAP messages sent during the Handover Preparation phase of a time-based CHO. Details to be discussed by RAN3.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Referring to CHO legacy behaviour is not correct since expiration of T2 is a new scenario without a matching legacy scenario.
Observation 2	A scenario matching the CHO legacy behaviour is rather if the UE fails to execute CHO, initiates the re-establishment procedure and converts it into a CHO attempt, all before T2 expiry.
Observation 3	The RAN2 agreements for time-based CHO implies that cell resources reserved by the network during the Handover Preparation phase do not need to be kept after T2 expiry if the UE has not trigged a CHO until then.
Observation 4	Depending on network implementation, reserved network resources may be released at T2 expiry or retained for some time after T2 expiry. As an effect of the (for the UE) unknown network behaviour, the access delay for the UE may increase in case of a re-establishment procedure.
Observation 5	Predictable UE behaviour benefits both network and UE performance and robustness.
Observation 6	If the time window (represented by T1 and T2) in which the UE is allowed to perform CHO to a candidate target cell is known by the candidate target node, and the UE did not select/connect to the candidate target cell during this time window, the candidate target node may release the reserved cell resources immediately after the time window has expired without any further indication from the source node.
Based on the discussion in the previous sections we propose the following:

Proposal 1	The UE discards the CHO configuration at T2 expiry if the execution condition for the candidate target cell is not fulfilled.
Proposal 2	Provided T2 has not expired, the UE should be able to re-use the CHO configuration for the associated candidate target cell in a re-establishment procedure.
Proposal 3	RAN2 to consider a solution where the source node has the option to provide the time window (in which the UE is allowed to perform CHO to the candidate target cell) to the candidate target node during the Handover Preparation phase of an inter-gNB time-based CHO.
Proposal 4	Provided RAN2 agrees to the above proposal, RAN3 should be liaised to consider an update to the relevant XnAP/NGAP messages sent during the Handover Preparation phase of a time-based CHO. Details to be discussed by RAN3.
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