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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 it has been agreed to support Conditional handover (CHO) in NR.
Upon reception of a CHO configuration the UE starts monitoring CHO trigger conditions. Meanwhile, the network may want to suspend the UE to INACTIVE state. This contribution addresses this scenario.
Discussion
Conditional Handover
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 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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[bookmark: _Ref463051822]Figure 1: Conditional handover
CHO Configuration to the UE
In reconfiguration with sync in NR (handovers), the source gNodeB receives the configuration prepared by target and provides to the UE in an RRCReconfiguration message containing a reconfigurationWithSync field in spCellConfig containing instructions for the UE to access the target cell e.g. RACH parameters, cell identity, frequency, SMTC configuration, etc. It has been agreed in RAN2#105bis in Xi’an that for CHO, similar information needs to be provided to the UE for a target candidate. In addition, the UE also needs the triggering condition associated to it e.g. an A3 event like configuration, so that the provided configuration is only applied if/when the condition is fulfilled [3].
CHO configuration consists of an RRC Reconfiguration (with reconfiguration With Sync) and associated trigger condition configuration (e.g. A3 event) for a target cell candidate. 

Then, upon receiving the HO triggering condition(s) [2] and dedicated RRC configuration(s), the UE starts to perform the monitoring of the trigger conditions (which involves the UE performing measurements) and, when at least one condition is fulfilled the UE performs a CHO handover execution [4].
Upon receiving CHO configuration(s) the UE monitors the configured CHO trigger conditions for one or multiple cells.

Source decides to suspend UE while UE monitors CHO conditions
In RAN2#105, the following has also been agreed for CHO in NR:
Agreements
. . . 
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. 
. . .


In CHO the only UE only sends the RRC Reconfiguration Complete to the target RAN upon applying the stored RRCReconfiguration associated to a triggering condition being fulfilled i.e. while the UE is monitoring a CHO triggering condition the UE is still under the control of the source RAN. 
Hence, while the UE is monitoring CHO triggering conditions, the source gNB may decide to re-configure or suspend the UE i.e. move the UE to INACTIVE state. In other words, the UE may receive an RRCRelease message with a suspend configuration.
Upon the reception of an RRCRelease message (with a suspend configuration) while the UE is monitoring CHO trigger conditions, the UE stops/suspends the actions related to CHO monitoring, such as stopping performing associated measurements.
UE stops the actions related to CHO monitoring upon transitioning to INACTIVE.

One issue is what should be done with the CHO configurations upon the reception of an RRCRelease with suspend configuration. That needs to be handled to avoid any sort of state mismatch e.g. if the network stores the CHO configurations as part of the UE context, while the UE deletes it (or vice versa).
One alternative is specifying in RRC that the UE suspends the actions associated to the monitoring of the CHO trigger conditions (e.g. suspend measurements) and stores CHO related configurations (e.g. in the AS context) upon transitioning to INACTIVE. The advantage here is that these CHO configurations may be resumed in the RRC resume procedure relying on delta signalling. CHO configurations may be large, since there may be an RRCReconfiguration per target candidate. Another alternative is to stop/suspend the actions associated to the monitoring of the CHO trigger conditions (e.g. suspend measurements) and release the CHO related configurations.
In both cases the network could still configure the UE with CHO configurations in RRC Resume procedure (e.g. with CHO configurations within or multiplexed with the RRCResume message).
Network may configure CHO configurations upon resume procedure.
Discuss the alternatives for the transition to INACTIVE while the UE monitors CHO conditions:
i. UE stores the CHO configurations (so they can be resumed);
ii. UE deletes the CHO configurations; 
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Source decides to release UE while UE monitors CHO conditions
[bookmark: _Hlk2955672]In this case, releasing means moving the UE to IDLE and at the network sides. As in the case of moving to INACTIVE, the UE also stops monitoring the CHO trigger conditions and perform clean up actions (e.g. stop timers, release measurements, etc.). And, since the network has no means to restore the context anyway, the first alternative of deleting the CHO configurations seems to be the most reasonable. 
UE stops the actions related to CHO monitoring upon transitioning to IDLE.
The UE deletes CHO configurations (if any) upon transition to IDLE.

In the same way we have discussed the possibility to provide CHO configurations in RRCResume, we could also discuss the possibility to provide CHO configurations in RRCSetup. However, the gNB will not yet have the UE capabilities at the point of sending RRCSetup hence it is not aware of if the UE supports conditional handover or not. 
CHO configurations cannot be included in RRCSetup.
[bookmark: _Toc242573360]Summary
[bookmark: _Hlk528334907][bookmark: _Toc242573361]Based on the discussions above, the following is proposed:
1. UE stops the actions related to CHO monitoring upon transitioning to INACTIVE.
1. Network may configure CHO configurations upon resume procedure.
1. Discuss the alternatives for the transition to INACTIVE while the UE monitors CHO conditions:
1. UE stores the CHO configurations (so they can be resumed);
1. UE deletes the CHO configurations; 
1. UE stops the actions related to CHO monitoring upon transitioning to IDLE.
1. For the transition to IDLE while the UE monitors CHO conditions, the UE deletes the CHO configurations.
1. CHO configurations cannot be included in RRCSetup.
References
[1] [bookmark: _Ref476654561][bookmark: _Ref524694582]RP-181433, Work Item on NR Mobility Enhancements, Intel, RAN#80, La Jolla, USA, May 21 – May 25 2018 September 2018.
[2] [bookmark: _Ref534984224][bookmark: _Ref536781318]R2-1906211, Triggering of conditional handover, Ericsson, 3GPP TSG RAN WG2 #106, Reno, US, 13 – 17 May 2019.                                                            
[3] R2-1906210, Configuration of conditional handover, Ericsson, 3GPP TSG RAN WG2 #106, Reno, US, 13 – 17 May 2019.
[4] R2-1906212, Conditional handover execution in NR, Ericsson, 3GPP TSG RAN WG2 #106, Reno, US, 13 – 17 May 2019.
2
image1.png
UE Source node Potential target node
CHO Request
>
< CHO Request ACK
B CHO configuration (RRCReconfiguratiorr)
(conditione.g. A3 event +
RRCReconfiguration®)
UE monitgrsthe CHO
condition for the target cell(s)
If conditionis fulfilled, UE
executes the HO
. Randomaccessand synchronization
RRCReconfigurationComplete*
>
Path Switch and UE
context Release





image2.png
UE

Source gNB

MeasurementReport (with multiple

triggered cellse.g. 1,2, 7)

RRCCondjtionalReconfiguration

(reconfiguration with sync(s) and +
CHO trigger condition(s) forcells 1, 2, 7)

UE starts monitoring

trigger conditions fo
cells1,2and 7 and
may trigger CHO

Network decides to

r suspend the UE to IDLE

(with stored context)

RRCRelease with

suspend configuration

t

UE deletes its CHO
configurations

1

RRCResumeRequest

[

RRCResume ( possibly including

UE starts monitoring

trigger conditions fo
cells 1,2 and 7 and
may trigger CHO

CHO configurations)

r

RRCResumeComplete

First alternative: UE stores CHO configurations

upon suspend

UE

Source gNB

MeasurementReport (with multiple

triggered cellse.g. 1, 2, 7)

RRCConditionalReconfiguration

(reconfiguration with sync(s) and +
CHO trigger condition(s) forcells 1, 2, 7)

UE starts monitoring

trigger conditions for su

Network decides to
spend the UE to IDLE
with stored context)

[

cells1,2and 7 and (
may trigger CHO
3 RRCRelease with
suspend configuration
UE stores its CHO
configurations
RRCResumeRequest
o

t

UE restores CHO
configurations

RRCResume ( delta signalling for

[

CHO configurations)
UE resumes the
monitoring of trigger
conditions for CHO
RRCResumeComplete

Second alternative: UE releases CHO configurations

upon suspend




