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1	Introduction
The following agreements and FFSs regarding CHO in LTE have been listed [1]:
	The CHO command contains at least the configuration information of target cell(s) and triggering conditions. 
=> FFS who decides the triggering conditions (source, target or source+target)
=> FFS on transparent containers.
=> FFS on the Stage-3 details
1  Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.
2  Conventional handover overrides any configured conditional handover command
3  The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.
=> FFS how “CHO cmd” is formulated in Stage-3 signalling 
=> FFS whether UE continues to receive source cell while executing CHO cmd. 
=> FFS what UE does if it receives HO cmd while executing CHO cmd. 
=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 
· FFS whether UE stores CHO commands in failure cases
· FFS whether CHO candidates can be released via other means.



This paper is aimed at resolving the LTE CHO open points, captured in the Chairman notes during the previous RAN2 meetings.
2	Discussion
2.0	Support of CHO
While the work on CHO has progressed already, it was pointed out during RAN2#105bis that RAN2 has not yet formally agreed to support CHO for LTE (unlike for NR). The basic agreement during RAN2#104 was only to “consider” the CHO, as shown below:
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

Since there seems to be rather large support for CHO and the work has already progressed quite a bit without companies disagreeing to develop the CHO procedures, we would propose to codify the support of CHO in Rel-16 with a formal agreement to avoid later ambiguities.
Proposal 0: Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 
2.1	Who decides on the CHO triggering conditions
There are basically three options for configuring the CHO condition:
· The target cell configures the condition (and embeds it into the HO Command)
· The source cell adds the condition to the RRC reconfiguration carrying the HO Command
· The source cell provides the condition in the Handover Request, and the target inserts it into the HO Command
We believe that the source node has much more knowledge about the UE properties (e.g. mobility, active services, etc.) as well as about the radio conditions in its cells (e.g. interference). Furthermore, if multiple target candidates are configured, the source may align the conditions. The source cell may even want to change the condition, which would not be possible with the last option, which looks cumbersome anyway. Assuming the aforementioned responsibility of the source cell, it also does not seem natural to have the condition as part of the CHO configuration/command that is generated by the target cell. This is similar as was done in Rel-14 MBB.
Proposal 1: The source cell adds the condition to the RRC message carrying the CHO Command (i.e. RRC reconfiguration with mobilityControlInfo).
2.2	Multiple HO Commands in the same RRC message
It has been proposed to allow the source cell to put multiple HO commands into the same RRC connection reconfiguration. Whereas such an aggregation would obviously save some signalling compared with sending multiple RRC connection reconfigurations separately, we do not believe that these savings are relevant under practical conditions, and do not justify the specification effort needed:
1. It is not advisable to initiate preparation of multiple targets simultaneously based on a single measurement report, since typically only one cell has fulfilled the condition. Otherwise, the consequence would be false alarms leading to unnecessary preparation of targets, thereby unnecessary resource reservation in the target cells, more Xn signalling, more RRC signalling, etc.
2. Even if multiple preparations are initiated simultaneously, the HO Request Acknowledgements will likely not be received at the same time due to different X2 delays. In order to aggregate the HO Commands, the source cell has to wait for all responses which will delay the RRC reconfiguration unnecessarily, which in consequence, may lead to too late handovers.
3. If multiple preparations are not initiated simultaneously, aggregation of HO Commands can only be forced by “waiting” for further preparations, which leads to even more dangerous delays in configuring the handovers. This cannibalizes partially the CHO benefits.
So, unless we want to risk “preparation storms” or unnecessary too late CHO preparations, there will only be very rare cases where the source cell has to configure the UE for CHO to multiple targets at the same time, thus the additional effort should be saved.
Observation 1: Aggregation of multiple CHO commands into the same RRC reconfiguration message will bring negligible benefits, but would create unnecessary standardization effort and complexity.
Proposal 2: Individual CHO commands are sent separately, i.e. are not merged into a single RRC Reconfiguration message at the source eNB.
2.3	Ax measurement events
	1 Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.


Whereas we agree that the Ax principles shall be used for CHO execution, we believe that some formal issues should be clarified:
· Ax are measurement reporting events, i.e. Ax expiry will trigger a measurement report. Expiry of CHO condition shall not trigger a measurement report, but instead shall trigger the execution of the CHO. Hence, formally it cannot be a “measurement reporting event” (although large parts of the RRC description and even ASN.1 can be reused).
· The condition has to be evaluated for a single neighbour only, not for all, and only this single neighbour can meet the condition. This also has to be clarified.
· It also has to be clarified whether all offsets defined for the Ax event need to be applied.
Proposal 3: The format of the CHO execution condition can reuse large parts of the Ax-event ASN.1 structure, but is not configured as a measurement reporting event.
With the discussion above, it is clear that the specification of the condition will require effort. Therefore, we believe that an A3-like condition is sufficient for the baseline CHO in the intra-frequency case. For the inter-frequency case, an A5-like condition would be more suitable. However, it is not obvious to us whether the inter-frequency case is primarily relevant for CHO. Other conditions (A1, A2, A4) shall not be discussed in Release-16.
Proposal 4: A3-like CHO execution condition shall be specified. An A5-like CHO condition shall only be specified if inter-frequency CHO is considered to be relevant. Further conditions based on other than A3 and A5 principles shall not be further considered in LTE Release-16.
2.4	Definition of “CHO Command”
	=> FFS how “CHO cmd” is formulated in Stage-3 signalling 



From our perspective, the structure of thye “CHO Command” can be identical with the “HO Command”. More precisely, it shall refer to the RRCConnectionReconfiguration including mobilityControlInfo. From the fact, that it is delivered to the UE along with a CHO execution condition the UE understands implicitly that mobilityControlInfo does not relate to a legacy handover (which is executed immediately), but to a CHO. Thus, no further information is needed in the mobilityControlInfo.
Proposal 5: The expression “CHO Command” refers to the legacy mobilityControlInfo, which is delivered along with the CHO execution condition in case of CHO. No extension of mobilityControlInfo is needed.
2.5	Reception during CHO execution
	=> FFS whether UE continues to receive source cell while executing CHO cmd. 



In order to address this aspect, we have to review more carefully what happens after the condition expires. We assume, that similar to the legacy handover, the UE should try to access the target cell as soon as possible, without any unnecessary delays. Hence, immediately after the condition expires, the UE will synchronize to the target cell. In our understanding, a legacy UE under general conditions (asynchronous networks) is no longer able to receive and detect data from the source cell. As a consequence, the baseline CHO performance should be that the UE does not continue to receive source cell after the condition has expired/triggered the access.
However, depending on the outcome of the sister activity on “reduction in user data interruption” (henceforth called RUDI), we believe that it should be possible to combine the features. In other words, UEs which support RUDI, shall also to continue to receive the source cell after the condition has expired (assuming RUDI will enable such behaviour).
Proposal 6: UEs which support RUDI shall continue to receive the source cell after the CHO condition has expired. Other UEs are not obliged to continue.
2.6	CHO removal during CHO execution
	=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 



This situation can only occur in combination with RUDI, if Proposal 6 is adopted, since otherwise the UE would no longer be able to receive the removal of the CHO command, sent from the source. Even if RUDI is used, such a simultaneousness should be very rare, so this aspect may not be a very important one to be addressed. Nevertheless, clarification is needed. The main question is:
· whether the network would never remove any resources reserved for CHO, before it receives an acknowledgment (i.e. RRC connection reconfiguration complete) from the UE
· or whether there are emergency cases where the network may have already removed resources when sending the RRC connection reconfiguration to the UE.
If the latter interpretation is not a negligible corner case, it might be better that the UE stops the CHO execution since the target may have released resources. On the other hand, not executing the handover is likely to lead to failures (triggering of the CHO condition clearly indicates that there is a stronger cell than the serving). So even if there might be some risk that the network has removed the resources, we still believe that the UE shall complete the execution of a CHO, even if it receives a cancellation meanwhile.
Proposal 7: The UE shall complete the execution of a CHO, even if it receives an RRC connection reconfiguration removing the CHO for the same target, after the corresponding CHO execution has expired.
2.7	Improved handling of T310 and T304
	=> FFS whether UE stores CHO commands in failure cases



With CHO, it may happen that T310 expires (or is started) although the UE has been properly configured for target candidate cells. This happens when the CHO execution condition is configured late. Allowing T310 to be started, or even declaring an RLF after T310 expiry seems suboptimal in the presence of a configured target cell or cells. RLF would lead to re-establishment using CBRA in a selected cell, whereas a prepared cell with reserved resources (possibly CFRA and radio resources) is awaiting. Starting T310 may already unnecessarily lead to an outage, although a prepared cell is awaiting.
Observation 2: In the presence of prepared CHO candidate targets with decent signal quality, T310 may lead to unnecessary outage or unnecessary RLF, CHO execution can be initiated instead. 
Similarly, if, during the execution phase of the CHO (i.e. during random access to a target for which the CHO condition has expired), a RACH problem is encountered, and there are further candidate target cells which have been prepared, it might be better to initiate the execution with another target even though the corresponding condition has not expired yet, rather than to keep on trying the problematic RACH until T304 expiry. Even if T304 expires, it could be better to initiate CHO execution to other prepared target cells (if those exist) instead of initiating RRC connection re-establishment.
Observation 3: In the presence of prepared CHO targets with decent signal quality, T304 may lead to unnecessary outage or unnecessary HoF, CHO execution can be initiated instead. 
In order not to change too much the specifications, we propose to introduce circumstances under which the UE accesses a prepared target even though the condition has not expired, e.g.
· T310 expires, and a prepared candidate target fulfils the cell selection criterion
· T304 expires, and another prepared candidate target fulfils the cell selection criterion
In these cases, a failure should not be declared, but CHO execution shall be initiated. Otherwise, a failure will be declared, if we keep today’s behaviour and delete all CHO commands. We believe that it is much more natural, that a failure leads to a complete reset (via RRC re-establishment) as today. In contrast, declaring a failure seems unnatural in the presence of other prepared CHO candidates.
In addition, further circumstances under which UE may access a prepared target even though the condition has not expired, can be considered:
· T310 is started, and a prepared target fulfils the cell selection criterion
· Problems with RACH during CHO execution (or legacy HO), and another prepared target fulfils the cell selection criterion
Proposal 8: CHO commands shall be deleted in failure cases. However, failures shall not be declared when prepared CHO targets fulfil the cell selection criterion.
Proposal 9: RAN2 shall discuss circumstances which will trigger CHO execution even though the condition has not expired, e.g. T304/T310 started and a prepared neighbour fulfils the cell selection criterion.

2.8	Other means to release the CHO configurations
	=> FFS whether CHO candidates can be released via other means.



We understand this FFS is noted mainly due to the possibility to use the validity timer for releasing the CHO configurations. Timer-based solutions may be inaccurate as those seem to neglect the actual measured signal levels, which shall be the primary indicator whether particular cell is still a valid candidate for CHO and there is point to keep the target cell “prepared”. Using a timer-based solution would also necessitate occasional “refreshing” of the CHO configuration (e.g. when UE does not move but is still at the cell edge, the timer would expire shortly), which would result in extra signalling towards the UE or extra procedures to handle cases when the timer should be restarted. As a result of the aforementioned reasoning, we believe validity timer is not necessary to releaser the CHO configurations.
Proposal 10: Validity timer for UE automatically releasing CHO configurations is not supported for Rel-16 E-UTRAN CHO.
3 	Conclusions
This paper discussed the FFSs listed explicitly for LTE Conditional HO. The following observations and proposals have been made:
Proposal 0: Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 
Proposal 1: The source cell adds the condition to the RRC connection reconfiguration carrying the HO Command (i.e. reconfiguration with mobilityControlInfo).
Observation 1: Aggregation of multiple CHO commands into the same RRC reconfiguration message will bring negligible benefits, but would create unnecessary standardization effort and complexity.
Proposal 2: Individual CHO commands are sent separately, i.e. are not merged into a single RRC Reconfiguration message at the source eNB.
Proposal 3: The format of the CHO execution condition can use large parts of the Ax-event ASN.1 structure, but is not configuredas a measurement reporting event.
Proposal 4: A3-like CHO execution condition shall be specified. An A5-like CHO condition shall only be specified if inter-frequency CHO is considered to be relevant. Further conditions based on other than A3 and A5 principles shall not be further considered in LTE Release-16.
Proposal 5: The expression “CHO Command” refers to the legacy mobilityControlInfo, which is delivered along with the CHO execution condition in case of CHO. No extension of mobilityControlInfo is needed.
Proposal 6: UEs which support RUDI shall continue to receive the source cell after the CHO condition has expired. Other UEs are not obliged to continue.
Proposal 7: The UE shall complete the execution of a CHO, even if it receives an RRC connection reconfiguration removing the CHO for the same target, after the corresponding CHO execution has expired. 
Observation 2: In the presence of prepared CHO candidate targets with decent signal quality, T310 may lead to unnecessary outage or unnecessary RLF, CHO execution can be initiated instead.
Observation 3: In the presence of prepared CHO targets with decent signal quality, T304 may lead to unnecessary outage or unnecessary HoF, CHO execution can be initiated instead. 
Proposal 8: CHO commands shall be deleted in failure cases. However, failures shall not be declared when prepared CHO targets fulfil the cell selection criterion.
Proposal 9: RAN2 shall discuss circumstances which will trigger CHO execution even though the condition has not expired, e.g. T304/T310 started and a prepared neighbour fulfils the cell selection criterion.
Proposal 10: Validity timer for UE automatically releasing CHO configurations is not supported for Rel-16 E-UTRAN CHO.
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