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Introduction
[bookmark: _Toc242573354]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover.  In RAN2#105bis in Xi’an, RAN2 has agreed to introduce CHO in NR. In this contribution further stage-2 principles for are discussed.
Discussion
Conditional Handover
Conditional handover aims to avoid RLFs due to a late measurement report that may not reach the network or, even when measurement reports are received, and the network decides to perform a handover, the handover command does to reach the UE before RLF happens and UE starts the re-establishment procedure. These problems are illustrated in the figure below:
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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 RAN2#105bis in Xi’an Conditional Handover (CHO) was agreed to be introduced in NR to solve robustness/reliability issue described above. Further agreements were also made:
Agreements
0:	CHO is introduced in NR to solve robustness/reliability issue.

1:The LTE agreements below are applicable for NR: 

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.

3	 RS type SSB can be used
FFS: CSI-RS, use of more than one RS type

4	Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline
FFS: on other events

5	Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. 
FFS: on multiple quantities.

FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)

In the following some further stage-2 principles for CHOin NR are discussed.
Addition of CHO configuration
In legacy handover in RRC_CONNECTED (or, using NR terminology, reconfiguration with sync) the procedure is network controlled and a handover from a source to a target cell is decided by the source node where the UE is connected to. That decision may be assisted by measurements where the network typically configures the UE to trigger measurement reports according to an A3 event to indicate that a neighbour cell in a given frequency becomes an offset better than the source cell (e.g. based on RSRP, RSRQ or SINR). 
In our view these principles should also be followed for CHO in NR. It has been agreed in RAN2#105bis that the decision to configure CHO for a given UE is taken by the network, and, more specifically, it is reasonable to assume that this is taken by the source gNB. That may be assisted by measurement reports, e.g. triggered when conditions are still quite good so that the provision of the conditional handover configuration is reliable, even though that early measurement configuration is not part of the conditional handover procedure itself. 
Proposal 1: Source gNB decides to configure CHO (e.g. assisted by measurement reports).

In legacy handover in RRC_CONNECTED (or, using NR terminology, reconfiguration with sync) it is the source gNodeB that decides the triggering conditions of measurement events (e.g. thresholds for A3, A5, etc.). When these triggering conditions configured by source gNodeB are fulfilled the UE starts sending measurement reports and, based on these, the source gNodeB may decide to perform a handover and trigger handover preparation towards a target cell.
Following the same reasoning as in legacy handovers, it makes sense that the source gNB defines the triggering conditions for when the handover should be executed. In addition, the following has been agreed:
. . .
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. 

[bookmark: _Hlk6324652]As it says in the agreement, the source still has control to the while the UE monitors CHO triggering conditions and may decide to re-configure the UE e.g. with a handover command. Hence, the source needs to know the current configuration at the UE and the expected behaviour. Also, it is only the source gNB that has the overview of all candidate target cells for the UE, so target gNB cannot make any good decision about the conditions for handover.
Proposal 2: Source gNB decides the conditions for when the CHO should be executed.	

CHO Preparation
In NR reconfiguration with sync, when the source gNB decides to trigger a handover, source gNB provides the target gNB with the UE’s current configuration in a HO Request over Xn. If the target gNB accepts the incoming handover/reconfiguration with sync, 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 reconfiguration with sync. 
In our view, similar principles should be adopted for CHO in NR i.e. the source gNB provides a potential target candidate gNB with the UE’s current configuration in a HO Request over Xn. Based on that configuration and other information exchanged during CHO preparation, a target candidate gNB generates a configuration to be used by the UE in case the CHO is executed. From an inter-node perspective, it may be later discussed (in RAN3) if a new procedure is needed or if the existing HO preparation procedure may be extended.
Proposal 3: Source gNB provides a target candidate with the UE configuration.
Proposal 4: Each candidate target gNB prepares a UE configuration to be applied if CHO is executed (i.e. if triggering condition is fulfilled).

CHO Configuration to the UE
In RAN2#105bis it was agreed for NR that “the baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s)”. Hence, the message(s) sent to the UE for configuring conditional handover will consist of two parts per candidate target cell. One part is prepared by the source gNB (triggering condition(s)) and another part is prepared by the candidate target gNB. 
CHO configuration in NR consists of an RRC Reconfiguration (with reconfiguration With Sync) and associated trigger condition configuration (e.g. A3 event) for a target cell candidate. 

One aspect to discuss is whether the UE should acknowledge the CHO configuration to the source gNB by sending a complete like message (e.g. an RRCConditionalReconfigurationComplete). In legacy operation, an RRC reconfiguration is acknowledged to the source gNB with an RRCReconfigurationComplete. Meanwhile, in the case of handovers the UE executes the handover immediately when the RRCReconfiguration with reconfigurationWithSync is received and the complete message is sent in the target node when the handover is completed.
In CHO the UE only applies the configuration of the conditional handover when the message is received and perhaps not the actual handover. The configuration of conditional handover could be seen as configuration of CHO measurements done in one procedure and the execution of the handover is another procedure. If it takes a while before the handover is executed it is a bit strange to keep the procedure open for a long time without any acknowledgement to the network. There are also UE performance requirements to reply within a certain time which will not be fulfilled in such a case.
It may happen that when receiving the CHO configuration containing triggering conditions for a given target cell candidate, the UE may already have available measurements to serve as input to these trigger conditions. And, it may be the case that when the UE receives the configuration the triggering conditions are fulfilled which would trigger the UE to execute a CHO upon the reception of CHO configuration. In such case it is better that the UE executes the handover as quickly as possible and not sends any complete message in source gNB.
A way to take both of these aspects into account would be that the UE sends a Complete message to source gNB to confirm the successful configuration of conditional handover, if the handover is not executed upon reception of the configuration message. But if the triggering conditions are fulfilled and the UE needs to execute the handover before the complete message has been sent, the UE has the option to omit the Complete message and instead only send the Complete message to the HO Command in target gNB. Already in legacy handover the UE has the option to omit layer 2 acknowledgements to the HO Command and omitting the Complete message to the CHO configuration is similar to that behaviour. Also, the UE should be allowed to omit layer 2 acknowledgements to the CHO configuration message in the same way as omitting it to the HO Command in legacy. The source gNB will anyhow get information from the target gNB that the handover has occurred.
Proposal 5: The UE sends a Complete message to source gNB as response to the CHO configuration if the triggering conditions are not fulfilled upon reception of the configuration message.
Proposal 6: The UE is allowed to omit the Complete message if the UE executes a handover.
Proposal 7: The UE is allowed to omit layer 2 acknowledgement to the reconfiguration message containing the CHO configuration if the UE executes a handover.
Companion contributions discuss the configuration of triggering conditions [2], the configurations of condition handover i.e. the content of the dedicated RRC configuration(s) for candidate target cells [3] and the CHO execution procedure [4]. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Source gNB decides to configure CHO (e.g. assisted by measurement reports).
Proposal 2: Source gNB decides the conditions for when the CHO should be executed.
Proposal 3: Source gNB provides a target candidate with the UE configuration.
Proposal 4: Each candidate target gNB prepares a UE configuration to be applied if CHO is executed (i.e. if triggering condition is fulfilled).
Proposal 5: The UE sends a Complete message to source gNB as response to the CHO configuration if the triggering conditions are not fulfilled upon reception of the configuration message.
Proposal 6: The UE is allowed to omit the Complete message if the UE executes a handover.
Proposal 7: The UE is allowed to omit layer 2 acknowledgement to the reconfiguration message containing the CHO configuration if the UE executes a handover.
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