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Introduction
This contribution discusses aspects regarding the configuration, signaling and execution of CHO that still remain/ are not fully resolved by the e-mail discussions following RAN2#106. The paper a.o. covers aspects previously discussed in R2-1906763, including the following:

a) The contents of the container set by target node i.e. what fields should be possible to signal, what message/ IE to use
b) In which cases UE may not return a complete message when receiving a Reconfiguration message including CHO configuration, if any
c) Reconfiguration of source configuration i.e. updating of target configuration of CHO candidates (a.o. when UE performs which actions)
d) How is release peformed a.o. aressing the affected configuration parts, the case target initiates by target, role of network and UE
e) UE autonomous actions upon HO/ CHO
The contribution includes the following main proposals:
· The Reconfiguration message sent by source is entended with a cho-CandidateToAddMod/toReleaseList fields (measConfig may be affected also)
· The CHO candidate field contains both (condition related) parameters set by source as well as (target configuration related) parameters set by target (so source can set/ update fields without having to involve the target)
· The octet string contains an RRC reconfiguration message to support signaling parameters other than reconfigurationWithSync e.g. measConfig, radioBearerConfig and/, L2 config or L1 config that is not cell specific
· The UE does not return an RRC reconfiguration complete message to source (but merely an L2 ACK) when the Reconfiguration message by source only carries CHO candidate related configuration. Upon executing CHO, UE sends an RRC reconfiguration complete message to target (always)
· As baseline, network exploys explicit signalling to release CHO candidate configuration
· Source signals release of CHO candidates towards the UE. Target can initiate release of a CHO candidate (aka CHO cancel), but this is handled by Xx/ RAN3 signalling
· Upon HO/ CHO, the UE maintains the CHO configuration but suspends CHO operations until the first subsequent reconfiguration (according to the general principle to avoid UE autonomous release and to align with regular reconfiguration

Discussion
Signalling the CHO configuration, fields and messages
Some remarks/ notes
· Part of the CHO configuration is provided by the source e.g. the CHO condition and another part of the configuration is provided by the target i.e. the radio configuration to be used in the CHO candidate cell. The handling of the parts somewhat resembles the parts used in DC
· Source could forward the CHO parameters it controls to target, with target including the in the embedded Reconfiguration message. Such approach requires target involvement even for changes only involving source. It furthermore seems complicated for parameters common for all CHO candidates e.g. MO and reportConfig
· There are other cases with an embedded RRC message, both cases with and without response to the outer message (e.g. IRAT-HO, DC)
· Upon CHO configuration, UE will not immediately execute CHO as there are delays (i.e. due to measurement filtering, TTT). Hence, for this case there seems no strong need to avoid sending Complete message
· Release of the entire CHO candidate configuration covers
· Condition and target configuration related parameters specified within the new extension for CHO e.g. cho-CandidateToAddMod
· Condition related parameters specified within measConfig

Altogether we propose:
Proposal 1	Extend the RRC reconfiguration message sent by source to include the following fields:
a) A toAddModList field for adding or modifying CHO candidates, containing parameters set by source as well as parameters set by target (so source can set/ update fields without having to involve the target). The parameters set by target are embedded in an octet string. Note 1
b) A toReleaseList field for releasing CHO candidates
c) measConfig contains further configuration parameters relevant for CHO i.e. related to the condition for executing CHO, see [2]
Proposal 2	For the configuration of a CHO candidate that is set by target, support configuration of parameters other than reconfigurationWithSync e.g. measConfig, radioBearerConfig and/, L2 config or L1 config that is not cell specific 
Proposal 3	The octet string carrying the parameters set by target contains an RRC reconfiguration message 
Proposal 4a	The UE does not return an RRC reconfiguration complete message to source (but merely an L2 ACK) when the Reconfiguration message by source only carries CHO candidate related configuration
Proposal 4b	Upon executing CHO, UE sends an RRC reconfiguration complete message to target (regardless of whether Reconnfiguration was sent to source)
Proposal 5	If source updates source configuration, UE updates target configuration only if container set by target is included for for concerned CHO candidate. If so, the updated source configuration is used as baseline for the target (delta) configuration (i.e. previously signaled target configuration is not baseline for delta)
Proposal 6	As baseline, network exploys explicit signalling to release CHO candidate configuration:
a) UE does not autonomously release CHO related parameters in measConfig upon release of last CHO candidate/ upon release of last CHO candidate using concerned configuration
b) FFS how to handle UE autonomous release upon (C)HO i.e. separate issue
Proposal 7	Source signals release of CHO candidates towards the UE. Target can initiate release of a CHO candidate (aka CHO cancel), but this is handled by Xx/ RAN3 signalling

UE autonomous release upon HO/ CHO
Some remarks/ notes
· In our view, this is issue is not about optimisation of signalling but about avoiding UE autonomous release. We note that general principle is that such autonomous release should be avoided unless not having it will introduce real problems
· If the source does not inform nodes controlling the CHO target when it modifies the CHO configuration (e.g. a condition related field), delta signalling cannot be used. In principle this applies for all source configuration parameters.
· Some of the CHO candidates can still be valid candidates after UE performed HO/ CHO. This is illustrated by the example in Fig. 1 below.
· T0: The UE enters the border region upon which network configures cell B and C as CHO candidates
· T1: The UE executes (C)HO to cell B. Network reconfigures the UE and cell A and C are the resulting CHO candidates
· T2: UE leave the border region i.e. no more need for CHO candidates
· In the example, it seems useful to keep CHO candidate cell C. The same may apply for a cell on another frequency which coverage overlaps the same area.
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Fig. 1: UE moving acros cell border (with times indicated as T0, T1 and T2)

Some remarks/ notes (i.e. continuation)
· The general principles for a regular Reconfiguration regarding updating of CHO configuration upon change of source configuration should be the baseline for HO. These principles mean that signalling is not required if the target configuration of a CHO candidate remains same i.e. it is not required merely because of a change of reference cell
· We think this should be decided per CHO candidate i.e. only if a container set by target is included the UE modifies the concerned CHO candidate
· The question is whether anything additional is really required. We identified some issues:
· In case of HO to a CHO candidate, the concerned CHO candidate should be released. This can be done by explicit signalling. In case of CHO such release would require UE autonomous action. Maintaining may however not cause real problems (as A3/ A5 would not trigger if reference and candidate concern same cell). The cleanup can be done at the 1st subsequent reconfiguration
· In case HO is performed to a cell for which a different (frequency and/ or cell specific) offset applies, the conditions of the CHO candidates require updating. Such changes cannot be signalled during CHO and hence there is a risk that if UE maintains the configuratinon, it uses an incorrect condition
· A further issue is that if UE performs HO/ CHO, the security keys of the CHO candidate cell require updating. In case the mobility involves a path switch, the target RAN node cannot provide the security inputs until path switch is performed. I.e. only after successful completion of HO/ CHO the gNB has the required security parameters it needs to provide to UE and to derive a new KgNB* it needs to forward to the node controlling the CHO candidate.
· According to our analysis, it seems impossible for UE to just continue CHO operations following HO/ CHO. Although the CHO configuration can be maintained, and updated by network in the 1st reconfiguraton following the HO/ CHO, CHO operations should at least be suspended until receiving that subsequent reconfiguraton
· The discussion is not about signalling optimisation but about the general principle that UE autonomous actions should be avoided unless there is a particular need. Moreover, the operations for HO should as much as possible be aligned with normal reconfiguration and for both maintain configuration and delta signalling is the baseline. As there seems no real problem, we think the CHO configurations should be kept but CHO operation should merely be suspended temporarily (both upon HO and CHO
Altogether we propose the following:
Proposal 8	Upon HO/ CHO, the UE maintains the CHO configuration but suspends CHO operations until the first subsequent reconfiguration (according to the general principle to avoid UE autonomous release and to align with regular reconfiguration.
Proposal 9	Within the RRC inter-node messages, support transfer of (updated) CHO configuration set by source


Conclusion & recommendation
This contribution discusses aspects regarding the configuration, signaling and execution of CHO that still remain/ are not fully resolved by the e-mail discussions following RAN2#106. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1	Extend the RRC reconfiguration message sent by source to include the following fields:
d) A toAddModList field for adding or modifying CHO candidates, containing parameters set by source as well as parameters set by target (so source can set/ update fields without having to involve the target). The parameters set by target are embedded in an octet string. Note 1
e) A toReleaseList field for releasing CHO candidates
f) measConfig contains further configuration parameters relevant for CHO i.e. related to the condition for executing CHO, see [2]
Proposal 2	For the configuration of a CHO candidate that is set by target, support configuration of parameters other than reconfigurationWithSync e.g. measConfig, radioBearerConfig and/, L2 config or L1 config that is not cell specific 
Proposal 3	The octet string carrying the parameters set by target contains an RRC reconfiguration message 
Proposal 4a	The UE does not return an RRC reconfiguration complete message to source (but merely an L2 ACK) when the Reconfiguration message by source only carries CHO candidate related configuration
Proposal 4b	Upon executing CHO, UE sends an RRC reconfiguration complete message to target (regardless of whether Reconnfiguration was sent to source)
Proposal 5	If source updates source configuration, UE updates target configuration only if container set by target is included for for concerned CHO candidate. If so, the updated source configuration is used as baseline for the target (delta) configuration (i.e. previously signaled target configuration is not baseline for delta)
Proposal 6	As baseline, network exploys explicit signalling to release CHO candidate configuration:
c) UE does not autonomously release CHO related parameters in measConfig upon release of last CHO candidate/ upon release of last CHO candidate using concerned configuration
d) FFS how to handle UE autonomous release upon (C)HO i.e. separate issue
Proposal 7	Source signals release of CHO candidates towards the UE. Target can initiate release of a CHO candidate (aka CHO cancel), but this is handled by Xx/ RAN3 signalling
Proposal 8	Upon HO/ CHO, the UE maintains the CHO configuration but suspends CHO operations until the first subsequent reconfiguration (according to the general principle to avoid UE autonomous release and to align with regular reconfiguration.
Proposal 9	Within the RRC inter-node messages, support transfer of (updated) CHO configuration set by source
RAN2 is requested to review and endorse the corresponding draft CRs are provided in [3, 4]
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Summary of agreements from R2#106
This section captures the RAN2#106 meeting agreements on conditional handover
Agreements for LTE

[bookmark: _Hlk8871513]Agreements

1 Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 
2	The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	A3/A5-like CHO execution condition shall be specified. 


Agreements for LTE conditional HO
1	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering).
3	As a baseline CHO can be triggered based on a condition consisting of a single event, singe quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR.
FFS Whether multiple triggering conditions are required.
4	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates).
5	Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.
6	UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 
7	The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)
Working assumption:
8	At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
9	At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.

Agreements for NR

Agreements
2	The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)

 
Agreements
1:	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)
3	As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, singe quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR
3.2	The single RS type can be configured to be SSB or CSI-RS
FFS Whether multiple triggering conditions are required.



Agreements
1	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates)
2	Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.


Agreements
1	UE shall not stop T310 and shall not start T304 when it receives configuration of a CHO candidate 
2.	The timer T310 is stopped and timer T304-like is started when the UE begins execution of a conditional handover for a target cell. (Stage 3 detail whether we reuse T304 or define a new timer)

Working assumption (to be confirmed next meeting after checking further details)
3	At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed
4	At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed



Expected results of e-mails following R2#106
[106#42] [NR/LTE/mob enh] CHO configuration

Basics
Use container for configuration set by target
To support multiple CHO candidates, use addModList and toReleaseList
Use RRCReconfiguration message for configuration set by target TBC??
FFS whether to always return complete message to source/ what message to sent to target
No complete message to source upon CHO execution
Perform RRE if UE cannot comply with CHO configuration (joint success/ failure)
Reconfigurations
Target configuration is signaled as delta to source configuration applicable at that time (not dynamically updated). Up to UE implementation how UE stores
Support modification of CHO candidarte (by addModList), both for condition and target configuration
Support update of source configuration while CHO candidate(s) are configured
RRC message to update source configuration can also include configuration of CHO candidate(s)
If RRC message includes reconfiguration of both source and CHO candidates, UE applies updated source configuration as baseline for target configuration of CHO candidate
Condition
Condition always refers to existing measurement configuration set by source (i.e. re-use measConfig)
FFS whether to actually use measID
Support use of multiple triggers TBC (13/ 8)??
For CHO condition use TTT as for legacy HO

[106#41][NR and LTE CHO] - CHO execution details

Up to UE implementation how to act when multiple candidates meet condition TBC (16/ 8)??
Support HO while CHO candidates are configured
During CHO execution, UE is not required to receive RRC messages from source (alike for HO)
UE executes a single CHO at a time. Up to UE implementation whether it continues measurements relevant for evaluating other CHO candidates (no requirements specified)
Confirm WA that upon HO UE releases CHO candidate configuration
Source initiates release of CHO prepatation (up to RAN3). Target can also initiate release

Data forwarding
No bye message (would be sent to source upon initiating CHO execution, conveying at least ID of CHO candidate, FFS about gain when no PDCP status)
Leave initiating of data forwarding to RAN3 (options)

Failure handling
Confirm WA that if cell selected following RLF detection concerns CHO candidate, UE performs CHO rather than RRE TBC ??
Same for HOF (regular HO and CHO)
Apply T304 to guard CHO for single candidate (i.e. no additional overall timer guarding multiple subsequent attempts for different candidates)
Upon receiving a CHO configuration the UE checks whether it can comply (not delayed until CHO execution)


Condition related configuration parameters
The following provides an overview of the meastConfig parameters and their applicability for CHO.
	Parameter
	Applicability
	Remark

	Existing reportConfig parameters controlling condition (A3/ A5)

	a3-Offset
	Applicable
	If existing reportConfig would be re-used, CHO specific delta seems needed

	a5-Threshold1/ 2
	Applicable
	If existing reportConfig would be re-used, CHO specific delta(s) seems needed

	hysteresis
	Applicable
	Alike for regular HO

	timeToTrigger
	Applicable
	Alike for regular HO

	useWhiteCellList
	Not applicable
	CHO condition is provided per CHO candidate (so no need for this)

	rsType
	Applicable
	Alike for regular HO

	Existing reportConfig parameters controlling MR contents

	All i.e. reportOnLeave, reportInterval, reportAmount, reportQuantityCell, maxReportCells, reportQuantityRS-Indexes, maxNrofRS-IndexesToReport, includeBeamMeasurements, reportAddNeighMeas
	None applicable
	UE does not report measurements associated with CHO condition

	New reportConfig related parameters introduced specifically for CHO (when supporting re-use)

	deltaForCHO
	Delta to offset/ thresh
	Required when:
· Re-using reportConfig also used for RRM

	reportOnEntry
	Indicating that UE shall not trigger report when entry condition is met
	Required when:
· CHO condition is defined by measID (rather than by reportConfig)
· CHO can be specified without similar event for HO

	
	
	

	Existing MeasObjectNR related parameters defining what/ when to measure

	All i.e. frequency, FBI, SSB, SMTC, RS configuration
	
	Alike for regular HO (same values can be used)

	Existing MeasObjectNR related parameters controlling measurement result computation (includes filtering)

	absThresh, #RS to average
quantityConfig (filtering)
	
	Alike for regular HO (same values can be used)

	Existing MeasObjectNR related parameters affecting condition triggering

	offsetMO
	Applicable
	Alike for regular HO (same values can be used)

	cellIndividualOffset (within cellsToAddMod)
	Applicable
	Alike for regular HO (same values can be used)

	Other existing MeasObjectNR related parameters

	Black/ whiteList
	Not applicable
	CHO condition is provided per CHO candidate (so no need for this)

	measCycleSCell
	Not applicable
	





Reconfiguration examples
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Fig. 2: A number of reconfigurations, including change of PCell

Some remarks regarding the example in Fig. 2:
· T0: The networks adds cell B and C as CHO candidates. We assume that upon receipt of the CHO configuration the UE determines the target configuration for each CHO candidate that is added or modified in the message. More specifically, the UE determines this target configuration as follows:
· The UE determines and applies the updated source configuration i.e. the one that results after processing the fields included in RRCReconfiguration that modify the source cell configuration
· The UE determines and stores the target cell configuration of a CHO candidate. I.e. it considers the (re)configuration received for a CHO candidate to be a delta to the updated source configuration
· T1: The network modifies the source configuration but there is no need to update the target cell configuration for any of the CHO candidates that the UE has stored. E.g. the UE updates a physical configuration parameter of a source cell
· T2: The network adds cell D as CHO candate and at the same time it modifies the source configuration. In this case, the update of the source configutation affects/ requires an update the target cell configuration for one CHO candidate (cellB). In this particular case the UE modifies the measurement configuration
· T3: The network initiates PCell change from cellA to cellD and at the same time it modifies the set of CHO candidates i.e. removing cellD and adding cellA to facilitate reverting back. Furthermore, it modifies the target cell configuration for the remaining CHO candidates (cellB, cellC). For the latter cells a key refresh needs to be performed (as master key changed).
There are some source reconfigurations that may affect the target configuration:
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TO: RRCReconfiguration
>measConfig
>choCandToAddModlist (cellB, cellC)

T1: RRCReconfiguration
>masterCellGroupConfig

T2: RRCReconfiguration
>measConfig
>choCandToAddModlist (cellB, cellD)

T3: RRCReconfiguration (Change Pcell: cellA--> cellD)
>masterCellGroupConfig
>choCandToReleaselist (cellD)
>choCandToAddModlist (cellA, cellB, cellC)
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