


3GPP TSG-RAN WG2 Meeting #105bis	R2-1904286
Xian, China, 08 – 12 April 2019	 Revision of R2-1900614


Agenda item:	12.3.3.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Further details of Baseline Conditional Handover in E-UTRAN
WID/SID:	LTE_feMob-Core - Release 16
Document for:	Discussion and Decision
1	Introduction
In [1] several companies are proposing a common baseline for the conditional handover, and after further discussion many proposals from [2] have been agreed during RAN2#105[3]:
	Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 
4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).



In this contribution, we discuss the next steps to be agreed for the CHO baseline. This contribution only contains aspects which have to be clarified soon, any potential optimizations are discussed in another contribution [4].
2	Discussion
2.1	Discarding prepared target during CHO execution
When the configured condition of one of the prepared target cells expires, the CHO is executed, i.e. a RACH is sent to the corresponding target, and the handover is completed just as the legacy handover. In the case that multiple target cells have been prepared, it has to be clarified when the UE discards the RRC configurations for these additional targets. In principle, there are two possibilities:
1. “early discard”: as soon as the condition expires for one of the prepared targets, and this target is considered appropriate for a RACH, the UE may discard other targets.
2. “late discard”: the UE keeps other targets (if existent) until the handover is completed, and then discards them.
We certainly can define more alternatives between early and late, as described above, however we believe that those are the most logical ones. The latter option has the advantage, that in case of occurring problems (e.g. RACH failure), the UE can still try a proper CHO execution to another prepared target cell, instead of falling back to RRC connection re-establishment. On the other hand, the UE has to keep the resources for a longer time. Note that the network may not release the resource reservation earlier, since the network is not necessarily informed about the expiry of the condition (a “bye” message may not be mandatory, and/or under high risk of failure). Furthermore, the time between the expiry of the condition and the CHO completion may not be significant, so we believe that the advantage of keeping the targets is more relevant.
Proposal 1: When executing a CHO towards one target cell, other target cells shall not be discarded before the CHO is completed.
2.2	Simultaneous expiry of CHO condition for multiple target cells
In theory, it may happen that the CHO condition expires for multiple target cells at the same time. There are multiple ways how the UE behaviour might be defined in this case:
1. RAN2 may leave it up to the UE implementation which one to select.
2. The UE may be forced to select the strongest cell in this case.
3. Priorities might be defined, e.g, the UE shall prefer target cells in the same eNB.
Since simultaneous expiry will be an extremely rare case, we do not believe that RAN2 should spend time with a sophisticated solution; the simplest approach is option 1.
Proposal 2: In the rare case the CHO condition expires for multiple target cells at the same time, it should be left up to the UE implementation which of the corresponding target cells it selects for CHO execution.
2.3	Handling of T310
In today’s legacy handover procedure, T310 is stopped when the UE receives RRC reconfiguration with mobility information (“Handover Command”). This is a reasonable behaviour since the UE would immediately detach from the source cell. However, for CHO, the UE stays in the source cell and detaches later. Therefore, a pure stop of T310 would not be a reasonable behaviour. Instead:
1. UE may stop T310 and execute the CHO configured in the HO Command immediately, even if the condition is not fulfilled. In other words, the UE would execute a legacy handover and ignore the condition.
2. UE does not stop T310.
3. UE may use a concept similar to T312, i.e. it may start another (shorter) timer and execute the CHO (and stop T310) upon expiry of this timer (irrespective of condition). This would give the UE some chance to recover.
Furthermore, it may happen that T310 is started after the CHO command was received. It seems logical that the UE stops the timer when the CHO condition expires and the UE will execute the CHO.
Proposal 3: T310 shall be stopped when the UE starts executing CHO. If T310 is running when a CHO Command is received, the alternatives above shall be studied.
2.4	Handling of T304
Similarly, the handling of T304 has to be clarified. Obviously, T304 shall not be started when receiving a CHO command, but it shall be started when the CHO execution is initiated, no matter whether this was caused by expiry of the CHO condition, or by any other trigger.
Proposal 4: T304 shall be started when CHO execution is initiated.
2.5	Compatibility with legacy handover
The source cell is still free to configure CHO and legacy HO at the same time. This might be needed if certain target cells do not support CHO. So, the co-existence has to be clarified. Namely, the source cell may initiate a legacy handover while a CHO has been configured for one or multiple cells. Obviously, the legacy handover shall override the CHO handover. That is, the UE, when detecting the (legacy) handover command, shall execute the legacy handover following the legacy handover procedure. It may keep the CHO target(s) until handover completion as discussed above.
Proposal 5: Legacy handover shall override CHO preparations.
2.6	Consistency of RRC Configuration
As per RAN2#105 agreements [3], the source cell remains RRC responsible and can still send RRC reconfigurations to the UE. This may lead to an inconsistency of the RRC configuration that the UE actually has, and the RRC configuration which the CHO target(s) assume that the UE has. This inconsistency can be resolved by the following mechanisms:
1. The source cell is not allowed to send reconfigurations which create such an inconsistency.
2. The source cell agrees the RRC reconfiguration with each CHO target cell, before it sends it to the UE (probably via new HO Request).
3. The source cell informs each CHO target cell when it reconfigures the UE.
4. UE synchronizes its RRC configuration with the CHO target during (or right after) the RACH procedure.
5. The UE is configured with a tag, which is changed when with every RRC reconfiguration. Exchanging this tag during the RACH procedure will reveal the current RRC configuration of the UE, and the target can take proper action. 
We believe that a solution to the problem will be a combination of the list above. Details should be discussed further.
Proposal 6: The consistency of UE’s RRC configuration can be guaranteed by a combination of the alternatives listed above.
2.7 RRC Connection Reconfiguration Complete
When UE is in RRC Connected state and receives an RRC Connection Reconfiguration message, two cases may occur:
· The message is for Handover purpose (contains mobilityControlInfo): the UE executes the Handover without delay, and without sending any RRCreconfigurationcomplete to the source cell. The RRCreconfigurationcomplete message is delivered to the target cell.
· The message is a “normal” RRCreconfiguration, which does not involve handover (without mobilityControlInfo). The UE sends a RRCreconfigurationcomplete message to the serving cell to confirm that it has received the message and implemented the changes.
In the case of Conditional Handover, the situation can be a mixture of both cases: the RRCreconfiguration message is for a Handover, but UE should be able to send a RRCreconfigurationcomplete message because the Handover trigger is not expected to be immediate in most cases. Furthermore, the network continues to communicate with the UE and it should know the UE configuration and know if UE has implemented the RRC Reconfiguration:
Observation 1: If UE stays in the serving cell after being configured for CHO, it should send RRCConnectionReconfigurationComplete message.
However, in some cases, the execution of the CHO is triggered just after the reception of the CHO configuration, i.e. the CHO condition is already fulfilled at the moment the reception of the CHO configuration message or it is almost fulfilled. In this case it makes no sense for the UE to send the confirmation because it would be the right time to execute the HO to the target cell. Indeed, when the HO is to be triggered, it means that the connection to the serving cell is not optimal and sending a message may be difficult or even lead to RLF.
This means that the execution of the CHO should take place and the UE should cancel the transmission of the RRCreconfigurationcomplete message.
Proposal 7: When being configured for Conditional Handover and the condition to execute the CHO is met, the UE should cancel the transmission of RRCConnectionReconfigurationComplete and execute the CHO. The RRCConnectionReconfigurationComplete is transmitted to the target cell.
In the first moment after the reception of the RRC Reconfiguration message, in order not to delay at all the execution of the Handover, the UE may even not try to send RRCreconfigurationcomplete. 
Proposal 8: For a period of the RRC Reconfiguration procedure, the UE does not try to send the RRCreconfigurationcomplete to allow the CHO to be executed if the condition is fulfilled during this period.

3	Conclusions
In this paper we have outlined further basic details of the Conditional Handover in E-UTRAN. The following proposals and observations have been made:
Proposal 1: When executing a CHO towards one target cell, other target cells shall not be discarded before the CHO is completed.
Proposal 2: In the rare case the CHO condition expires for multiple target cells at the same time, it should be left up to the UE implementation which of the corresponding target cells it selects for CHO execution.
Proposal 3: T310 shall be stopped when the UE starts executing CHO. If T310 is running when a CHO Command is received, the alternatives above shall be studied.
Proposal 4: T304 shall be started when CHO execution is initiated.
Proposal 5: Legacy handover shall override CHO preparations.
Proposal 6: The consistency of UE’s RRC configuration can be guaranteed by a combination of the alternatives listed above.
Observation 1: If UE stays in the serving cell after being configured for CHO, it should send RRCConnectionReconfigurationComplete message.
Proposal 7: When being configured for Conditional Handover and the condition to execute the CHO is met, the UE should cancel the transmission of RRCConnectionReconfigurationComplete and execute the CHO. The RRCConnectionReconfigurationComplete is transmitted to the target cell.
Proposal 8: For a period of the RRC Reconfiguration procedure, the UE does not try to send the RRCreconfigurationcomplete to allow the CHO to be executed if the condition is fulfilled during this period.
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