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1 Introduction
In RAN#80 a new work item on Even further Mobility enhancement in E-UTRAN was approved, which was subsequently updated in RAN#81 [1]. 
The main objectives of this work item are as follows:
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.
· Work Phase, to specify the chosen solution(s)
In this contribution we address the reliability aspect and propose conditional handover as a solution to improve the robustness of handover procdure. 
2 Mobility robustness
One of the important KPIs of a wireless network is its mobility performance. In order to have a seamless mobility procedure that minimizes any observable impact of mobility to the end user, it is important to have a minimum interruption time and maximum robustness. LTE R14 introduced make-before-break and RACH-less handover solutions to reduce the interruption time during mobility procdure. However no specific solutions were introduced to address the reliability problem. It is important to note that if the reliability of the mobiity procedure is compromised it ultimately increases interruption time, for e.g. due to handover failure/reestablishment. 
The main reason for handover failures in LTE was attributed to the loss of the handover command. The legacy handover procedures depend on serving cell quality to be below a threshold and/or availability of better quality neighbor. The network obtains this information from the measurement report triggered by the UE. The success of legacy handover procedure depends on the fact that the serving cell quality stays good enough so that the measurement report reaches the network and handover command from the network can be successfully received by the UE. Often such delicate balance is hard to achieve, particularly when the quality of serving cell may drop rapidly within a short period of time. As a result, UE may experience radio link failure and subsequent re-establishment leads to more interruption times. The increased interruption times are not desirable, particularly for services such as highly reliable low latency communications and high throughput eMBB traffic. 
Considering above issues, mechanisms are needed to improve robustness and reliability of control signaling in LTE. The key issue here is that the decision of ‘when’ to execute a reconfiguration is implicitly tied to reception of such reconfiguration command from the network. The solution direction could be to remove such dependency, so that the UE is allowed to receive a reconfiguration when the serving cell quality is still reasonable, but apply the reconfiguration at a later point in time, for example, when the serving cell quality is degraded. In other words, network configures how to detect an impairment event (e.g. trigger condition for handover event) and what corrective action to perform (e.g. reconfiguration with mobilityControlInfo), whereas the UE determines when to apply the reconfiguration based on occurrence of such impairment event.
Proposal 1:
In addition to legacy reconfiguration (i.e. an immediate reconfiguration), LTE provides means to decouple the timing of reconfiguration execution from reception of reconfiguration command. 
Proposal 2:
LTE allows for a reconfiguration to be associated with a trigger condition explicitly configured by the network (i.e. a conditional reconfiguration). The details of trigger conditions can be FFS.
As with the legacy reconfiguration, the UE should first check whether it can comply with the received conditional reconfiguration. For example, the UE should verify that the reconfiguration and/or monitoring the trigger conditions does not exceed UE capabilities. For some reason, if the UE is unable to comply with the received reconfiguration, UE should indicate to the network in a RRC message with appropriate cause value.  Upon verifying that the it can comply with the conditional reconfiguration, the UE should store the reconfiguration and start to monitor the trigger condition 

Proposal 3:
Upon receiving a reconfiguration with associated a trigger condition, a UE verifies whether it can comply with the reconfiguration. 
Proposal 4:
If the UE is able to comply with the conditional reconfiguration, the UE stores the received reconfiguration and starts to monitor the trigger condition associated with the reconfiguration. 

When the trigger condition is satisfied, UE should apply the associated stored reconfiguration command (e.g. a mobilityControlInfo). In other words, UE should perform actions as if an immediate reconfiguration is received from the network.

Proposal 5:
A UE executes the stored reconfiguration when the associated trigger condition is satisfied, i.e. UE should perform actions as if an immediate reconfiguration is received from the network. 

Even when conditional reconfiguration is supported, it should still be possible for the network to trigger an immediate reconfiguration, i.e. reconfiguration without a trigger condition. UE should be able to handle/process an immediate reconfiguration anytime, even when a conditional reconfiguration is stored at the UE. The immediate reconfiguration if/when received always takes precedence over the conditional reconfiguration. It should also be possible for the network to trigger immediate reconfiguration to a different target cell or for a target cell for which a conditional reconfiguration already exists at the UE.
Proposal 6:
As long as a UE stays in the serving cell, the UE should be able to receive and process any immediate reconfiguration commands from the network irrespective of any stored conditional reconfiguration.
Proposal 7:
A UE overrides any stored conditional reconfiguration when an immediate reconfiguration with mobilityControlInfo is received. 
The UE should be able to access the target cell when the trigger condition is satisfied without any further assistance from the source or reading broadcast information in the target cell. To this end, the conditional reconfiguration should provide all the information necessary for the UE to access the target cell. Such information includes RACH configuration for the target cell. Optionally dedicated preambles can be configured for reduced interruption time during handover. It is natural to assume that such parameters will also be provided in case of conditional reconfiguration.

Proposal 8:
Conditional reconfiguration shall contain information required to access the target cell including RACH configuration, optionally providing resources for contention-free random access.
There could be scenarios where the trigger conditions may not be satisfied for extended periods of time and UE stays in the serving cell. In those cases, a mechanism to release the resources in target cell may be required. Both implicit or explicit methods to determine the validity of conditional reconfiguration can be studied. As an example of implicit method, UE may be configured to delete the stored conditional reconfiguration if serving cell quality stays above a threshold for a predefined duration and/or target cell quality stays below a threshold for a predefined duration. As an example of explicit method, UE may receive an explicit network command to release the stored conditional reconfiguration. Upon removal of a stored reconfiguration, UE may stop monitoring the associated trigger condition. 
Proposal 9:
A UE deletes the stored reconfiguration and stops monitoring the trigger condition, when the validity of stored reconfiguration is expired. The criteria to determine the validity of a stored reconfiguration is FFS. 

In case of ultra-dense deployments, UE may report multiple potential target cells. In order to improve the handover success rate, UE can be configured with multiple conditional reconfigurations, each pertaining to a different target cell. It is also possible that UE may receive multiple conditional reconfigurations without the need for explicit measurement report, based network’s knowledge of specific deployment, for example in a highway scenario. UE should monitor the trigger conditions associated with each of the stored conditional reconfiguration. It is possible that multiple trigger conditions are satisfied at the same time. We believe that rules to select/prioritize which reconfiguration to apply should be clearly defined or be explicitly configured by the network. For example, UE can be configured select the reconfiguration associated with the best target cell based on target cell quality. Detailed selection mechanism can be left for FFS.
Proposal 10:
A UE stores zero, one or more conditional reconfiguration(s) and monitors trigger conditions associated with each of the conditional reconfiguration. 

Proposal 11:
It is FFS how to select a conditional reconfiguration when multiple trigger conditions are satisfied at the same time.
3 Conclusion

In this contribution, we discussed reliability aspect of LTE handover procedure and  based on the discussions the following proposals were made:

Proposal 1:
In addition to legacy reconfiguration (i.e. an immediate reconfiguration), LTE provides means to decouple the timing of reconfiguration execution from reception of reconfiguration command. 
Proposal 2:
LTE allows for a reconfiguration to be associated with a trigger condition explicitly configured by the network (i.e. a conditional reconfiguration). The details of trigger conditions can be FFS.

Proposal 3:
Upon receiving a reconfiguration with associated a trigger condition, a UE verifies whether it can comply with the reconfiguration. 
Proposal 4:
If the UE is able to comply with the conditional reconfiguration, the UE stores the received reconfiguration and starts to monitor the trigger condition associated with the reconfiguration. 
Proposal 5:
A UE executes the stored reconfiguration when the associated trigger condition is satisfied, i.e. UE should perform actions as if an immediate reconfiguration is received from the network. 
Proposal 6:
As long as a UE stays in the serving cell, the UE should be able to receive and process any immediate reconfiguration commands from the network irrespective of any stored conditional reconfiguration.
Proposal 7:
A UE overrides any stored conditional reconfiguration when an immediate reconfiguration with mobilityControlInfo is received. 
Proposal 8:
Conditional reconfiguration shall contain information required to access the target cell including RACH configuration, optionally providing resources for contention-free random access.
Proposal 9:
A UE deletes the stored reconfiguration and stops monitoring the trigger condition, when the validity of stored reconfiguration is expired. The criteria to determine the validity of a stored reconfiguration is FFS. 
Proposal 10:
A UE stores zero, one or more conditional reconfiguration(s) and monitors trigger conditions associated with each of the conditional reconfiguration. 

Proposal 11:
It is FFS how to select a conditional reconfiguration when multiple trigger conditions are satisfied at the same time.
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