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1
Introduction

During the E-UTRAN Mobility Enhancements WI discussion in RAN2, it was agreed that conditional handover is one solution that should be considered for improving the handover robustness. The following agreements were taken by RAN2 so far:
Agreements

a/ CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

b/ Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

c/ Support configuration of one or more candidate cells for conditional handover;

=>
FFS how many candidate cells (UE and network impacts should be clarified).

=>
FFS how to include the CHO conditions in UE configuration

d/ The baseline operation for 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.

e/ The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 

f/ 
RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be considered. Detailed decisions require RAN3 study.

2
Cell level quality is used as baseline for CHO execution condition;

FFS: on whether beam quality is used as input for CHO execution condition.

In this contribution we discuss some stage-2 principles for Conditional Handover (CHO) preparation in E-UTRAN.
2
Discussion

2.1. 
Signaling to candidate target nodes

In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command like message may be provided to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic signalling flow for conditional handover is shown in Figure 1.
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Figure 1: Conditional handover

In legacy handover in LTE, when the source eNB decides to trigger a handover, source eNB provides the target eNB with the UE’s current configuration in a HO Request over X2. If the target eNB accepts the incoming handover, it prepares a target configuration to be provided to the UE in the handover command. This is basically the configuration the UE shall apply when it executes the handover. 

From a signalling point of view, what is requested from the target node is quite similar to legacy HO. i.e. the source eNB provides a candidate target eNB with the UE’s current configuration in a HO Request over X2. And, based on that configuration and maybe other information exchanged during CHO preparation, a target candidate eNB generates a configuration to be used by the UE in case the CHO is executed. Therefore, it is proposed that the existing Handover Preparation procedure is taken as baseline.
Proposal 1: Reuse existing Handover Preparation procedure for CHO preparation
However, some aspects of the CHO are different from legacy HO such as:
· Time between the HANDOVER REQUEST ACKNOWLEDGE message and the moment when the UE executes the HO
· Probability that the UE actually connects to the candidate cell

· Data Forwarding (e.g. when to start it? To multiple nodes? Duplication?)
· Etc…
It can be seen that the candidate target node needs to perform actions which may differ from legacy HO. As a result, the candidate target node needs to know that the HANDOVER REQUEST message is related to a CHO. A simple way to achieve this goal is to introduce a new CHO indicator in HANDOVER REQUEST message.

Proposal 2: Add a new CHO indicator in HANDOVER REQUEST message
2.2
CHO cancellation 

Another important RAN2 agreement is shown below:

The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.

Release of network resources attached to the cancelled CHO configuration (e.g. candidate cell) should also be supported. Both cancellation by the source node and the candidate target node are discussed below.
2.2.1
Release by the source eNB

In RAN2 the following was agreed:
The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN.
It means that the source eNB shall be able to cancel CHO configuration(s) (e.g. candidate cell(s)), whatever the reason (e.g. CHO replaced by legacy HO , …).

In legacy HO, HO can be cancelled by the source eNB with an HANDOVER CANCEL message. If the Handover Procedure is reused for CHO, it shall be possible to reuse the same principle for CHO. 
Proposal 3: Source node can cancel a CHO for a given candidate target cell/node by reusing the existing HANDOVER CANCEL message
2.2.2
Release by the candidate target eNB

In CHO, latest RAN2 agreements indicate that the source eNB may configure the UE with multiple configurations associated to multiple cells that are target candidates. These configurations are associated to resources that need to be reserved.
In the legacy handover procedure, upon receiving a HANDOVER REQUEST message, the target eNB reserves resources for an incoming UE and acks the source eNB. But as in CHO, different cases may happen:
· It may take quite some time until the UE executes the HO, since the UE shall first start to perform monitoring conditions and only executes the HO when/if the conditions are fulfilled.
· The UE may never execute the HO and possibly remains connected to the source cell
· The UE may execute HO in another cell, etc
And, as the load and overall conditions in a mobile network is quite volatile, the load and overall conditions may be very different at the time a given node that is a potential target for conditional handover accepts a request from a source node, and the time the UE performs the access.

To counter-act these problems, and avoid reserving the resources for too long or when resource re-allocation is needed, the candidate target node should be able to cancel the allocated resources.

And the UE needs to be informed as soon as possible, to avoid error cases with e.g. HO in cells which are not prepared anymore. Therefore, the candidate target node shall be able to cancel the resources and to signal to the source eNB that these resources are not available anymore.
This is also aligned with RAN2 LS in [1]:

Additionally, RAN2 already agreed the network can inform the UE to release the CHO configurations after CHO command. This may happen also due to target eNB’s/gNB’s decision to cancel the preparation. Thus, the impact on X2/Xn interface is foreseen.

Proposal 4: Candidate target node can cancel a CHO for a given candidate target cell/node and signals this decision to the source node
3
Conclusion

In this contribution the conditional handover solution has been described, and the following proposals have been discussed for the CHO preparation part:
Proposal 1: Reuse existing Handover Preparation procedure for CHO preparation
Proposal 2: Add a new CHO indicator in HANDOVER REQUEST message
Proposal 3: Source node can cancel a CHO for a given candidate target cell/node by reusing the existing HANDOVER CANCEL message
Proposal 4: Candidate target node can cancel a CHO for a given candidate target cell/node and signals this decision to the source node
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