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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 the CHO has been agreed to be supported in NR.
Concerning the handling of a HO command while the UE is monitoring CHO trigger/execution conditions, the following has been agreed in RAN2#107bis:
Agreements

. . . 
3  If UE receives conventional handover command, it will execute the handover command regardless of stored (configured) conditional handover command. This applies if the HO cmd is received before any CHO triggering condition is satisfied. FFS how HO failure is handled.

4 	The UE can’t receive and perform RRC configuration from source cell while executing CHO command (which means from the time when the UE starts synchronization with target cell).

FFS whether simultaneous connectivity and CHO can work simultaneously.

5	UE is not required to continue evaluating the triggering condition of other candidate cell(s) during CHO execution.
. . . 


In this contribution we discuss further issues concerning the handling of a HO command and the triggering of measurement reports while the UE is monitoring CHO.
Discussion
Measurement reporting while the UE is monitoring CHO conditions
In NR reconfiguration with sync, measurement configuration/reporting and handovers are independent procedures specified in RRC, even if measurement configuration/reporting may be used by the network to assist handover decisions. It seems obvious that the same principle is considered for CHO and measurement configuration/reporting.
Measurement reporting and CHO are independent RRC procedures.

In RAN2#105bis in Xi’an, the following has been agreed concerning CHO in NR:

Agreements
. . .
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. 
. . . 

Hence, the source remains responsible for the UE while the UE monitors CHO triggering conditions. And, consequently, it should be possible that while the UE monitors CHO triggering conditions, requiring the UE to perform measurements, the UE is also performing RRM measurements configured by the network and possibly triggering measurement reports. That may be useful in different manners such as allowing the network to re-configure CHO (e.g. add/remove cells and/or modify CHO configurations) or to trigger a handover.
UE may send measurement reports while monitoring CHO triggering conditions.
In principle, the network could possibly configure the UE with a measurement report associated to an event (e.g. A3 or A5), and, associate the same condition for the triggering of a given CHO. In that case, it could have been ambiguous for the UE whether it should send the measurement report before executing the CHO, or whether it should ignore the measurement report and execute the CHO. In RAN2#106 the following was agreed for CHO in NR:
Agreements
. . . 
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)

These agreements could be interpreted as if the network would not be allowed to configure CHO with the same triggering condition associated to a measurement report. Or, it could be interpreted that if the network does that configuration, the UE first executes the CHO and ignores the measurement reporting.
In our understanding, these interpretations are not accurate, as the configuration of an event with similar trigger condition for both CHO configuration may be useful. For example, if the network configures a cell-A in frequency F0 for CHO, but still want to be able to perform ordinary handovers in case the UE finds another cell-B in the same frequency F0, the network would benefit in configuring a measurement report if the UE finds cell-B before the condition for cell-A is fulfilled.
This might only be problematic if the triggering cell in the event is allowed to be the same as the one in the CHO execution. Even though this might cause some ambiguity and, if nothing is specified there would be no consistent UE behaviour, one can assume that the network would not let that happen, for example, by black listing the cell(s) with CHO in the same frequency, for similar triggering conditions, to avoid the ambiguity. 
UE may be configured with same trigger condition for CHO and measurement report. Ambiguities on which procedure to execute can be fixed with network implementation e.g. blacklist of CHO cell(s).

HO command while the UE is monitoring CHO conditions
Handling of CHO configurations upon HO execution
Upon the reception of an ordinary handover command the UE should execute the handover according to the received RRCReconfiguration, even if it is monitoring CHO triggering conditions. One remaining question is how to handle the stored CHO configurations (execution conditions configurations and stored RRCReconfiguration(s) per target candidate) when the UE receives a HO command while monitoring CHO execution conditions. A similar issue but for CHO execution is treated in [3].
One solution is that the network first sends a message to the UE indicating that the UE shall release the CHO configurations to only then send to the UE an RRCReconfiguration with reconfigurationWithSync (legacy HO command). Or, in case the CHO is configured with a new IE within RRCReconfiguration, one would define the release of CHO configurations before the processing of the source’s configuration. That second option could work, except that in some cases network may want the UE to do the opposite i.e. first re-configure source’s parameters (e.g. measurement configuration) to then apply CHO related configuration. 
Anyways, both approaches seem complicated, and it is simpler to in that case rely on the UE autonomously releasing CHO configurations upon a successful handover execution as most likely a new evaluation needs to be done in the new cell also for this case, at least the stored RRCReconfiguration(s) from target candidates. 
Upon successful HO execution, the UE releases the stored RRCReconfiguration(s) for target candidates that are not applied.

In fact, that solution has been assumed in the current version of the running CR. Therein, CHO configurations are assumed to be stored in a UE variable whose content is released upon HO execution, as follows:
****************************************************************************************************************
[bookmark: _Toc20425700]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration or apply the stored RRCReconfiguration of the candidate cell upon execution of the conditional handover:
1>	if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):
[…]
1> if the RRCReconfiguration message includes the cho-Config;
2> perform conditional handover configuration as specified in 5.3.5.x; 
[…]
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;
[…]
2> remove all the entries within VarCHO-Config, if any;
Editor’s note: FFS on maintain/remove CHO configuration and related measurement configuration when handover successfully. 
[…]
[bookmark: _Toc20426221]–	VarCHO-Config
The UE variable VarCHO-Config includes the accumulated configuration of the conditional handover configurations including the conditional handover execution condition and the stored target candidate cell RRCReconfiguration.
VarCHO-Config UE variable
-- ASN1START
-- TAG-VARCHO-CONFIG-START

VarCHO-Config ::=                    SEQUENCE {
    cho-ConfigList			               CHO-ConfigToAddModList-r16		OPTIONAL
}

-- TAG-VARCHO-CONFIG-STOP
-- ASN1STOP
************************************************************************************************************************
A valid concern from some companies in a previous email discussion is that the CHO configurations include a measurement identifier (measId), that is associated to a measurement object (measObject) and a reporting configuration (reportConfig) for CHO that is part of the UE’s measurement configuration, which is informed from source to target in a legacy handover. 
Let’s try to initiate a discussion on that. When CHO is determined by the source node, the source node also determines an execution condition e.g. a measId, a reportConfig, and a measObject. If this triplet configuration is only used for CHO (i.e. no measurement report is configured for the same measObject or reportConfig) they may have not been configured yet at the UE when the source node needs to contact a CHO target candidate in CHO preparation procedure. Hence, that execution condition is not part of UE’s current configuration yet so it would not be correct if the source node indicates that as part of UE’s current configuration to a CHO target candidate. 
A first solution for this problem, based on a network implementation, could be that after CHO preparation between source and target candidate, the source configures the UE with CHO configuration including in the source’s RRCReconfiguration message a measConfig for the measId pointed in the CHO configuration, And, upon receiving the complete message from the UE the source node indicates this UE’s re-configuration to the target candidate, so the target candidate can prepare a new target configuration, provided to the UE via a modification procedure.  
A second solution for this problem, also based on a network implementation, could be the source node, upon determining that it needs to configure CHO for a given UE, first configuring that UE with a measConfig including the wanted execution condition, even before CHO preparation. Hence, during CHO preparation the source indicate that to a target candidate as that could be considered part of UE’s current configuration.
A benefit of both solutions is that the target candidate is aware of latest UE’s measurement configuration(s) including both measurement configuration ONLY used for CHO monitoring and measurement configuration NOT ONLY used for CHO. Hence, each target candidate has the possibility to decide whether it wants to maintain these measurement configurations upon CHO execution, reconfigure them using delta signalling, or simply release them.
However, both solutions seem to introduce some complexities to the specifications, and risks. The first solution, for example, seems to be quite inefficient in terms of signalling (always requires a CHO modification after addition, both inter-node and over the air interface). That also increases the risk of race conditions (UE may execute CHO while an inter-node re-configuration is ongoing). The second solution is also inefficient in terms of signalling, the difference being that it always requires an RRC reconfiguration before CHO is configured. 
A more efficient alternative in our view is a third solution where measurement configuration ONLY used for CHO monitoring is not informed to target candidate by source node (i.e. should not be subject to delta signalling), so it is treated differently from legacy measurement configuration. As that is not considered as part of the UE’s configuration from the CHO target candidate’s perspective, upon CHO execution the UE shall release the measurement configuration ONLY used for CHO monitoring. 
Upon successful HO execution, the UE autonomously releases measurement configuration(s) only associated to CHO. 

One way to implement this in the specifications could be to define a new UE variable for CHO related measurement configurations (VarMeasConfigCHO), but as in our understanding a UE could have common configurations (e.g. measObject(s) that are used for CHO conditions, but also for measurement reporting) it would be unclear (or complicated to specify) what to store where. Hence, we suggest to simply indicate upon HO execution that the UE releases measObject(s), reportConfig(s), measId(s) within VarMeasConfig that are related exclusively used for CHO (or conditional reconfiguration, in more general terms also comprising PSCell addition/change). In other words, release the measId(s) pointed within CHO-Config and their associated measObject(s) and reportConfig(s), except if these measObject(s) and reportConfig(s) are also pointed by other measId(s) used for measurement reporting. 
A first TP alternative is shown below, where we refer to specific content in the UE variables for CHO and measurement configurations:
****************************************************************************************************************
5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration or apply the stored RRCReconfiguration of the candidate cell upon execution of the conditional handover:
1>	if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):
[…]
1> if the RRCReconfiguration message includes the cho-Config;
2> perform conditional handover configuration as specified in 5.3.5.x; 
[…]
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;
[…]
2> for each measId within VarCHO-Config that is part of the current UE configuration in VarMeasConfig:
3>	remove the entry with the reportConfigId associated to that measId from the reportConfigList within the VarMeasConfig;
3>	remove the entry with the matching measId from the measIdList within the VarMeasConfig;
3>	if the measObjectId associated to that measId is only associated to reportConfigId(s) whose reportType is set to cho-TriggerConfig:
4>	remove the entry with the matching measObjectId from the measObjectList within the VarMeasConfig
2> remove all the entries within VarCHO-Config, if any;
Editor’s note: FFS on maintain/remove CHO configuration and related measurement configuration when handover successfully. 
****************************************************************************************************************

A second alternative TP is shown below, where we indicate with text which CHO and measurement configurations are to be removed:
****************************************************************************************************************
5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration or apply the stored RRCReconfiguration of the candidate cell upon execution of the conditional handover:
1>	if the RRCReconfiguration is received via other RAT (i.e., inter-RAT handover to NR):
[…]
1> if the RRCReconfiguration message includes the cho-Config;
2> perform conditional handover configuration as specified in 5.3.5.x; 
[…]
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above;
[…]
2> remove all the entries within VarMeasConfig that are only associated to CHO e.g. measId(s) referred in VarCHO-Config, measObject(s) only associated to measId(s) referred in VarCHO-Config and reportConfig(s) whose reportType is set to cho-TriggerConfig and 
2> remove all the entries within VarCHO-Config, if any;
Editor’s note: FFS on maintain/remove CHO configuration and related measurement configuration when handover successfully. 
****************************************************************************************************************
Agree of TP alternative 1 or TP alternative 2 for UE autonomous removal of measurement configuration(s) only associated to CHO. 


CHO configuration within a handover command
In RAN2#107 the following has been agreed:
Agreements

. .  .
3	Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CHO configuration to UE.
. .. 


According to the agreement above, the RRCReconfiguration message is used to configure CHO configurations. The email discussion seems to converge towards a structure (except for field/IE names) is based on AddMod/Release list, as shown in the example below: 
************************************************************************************************************************
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

RRCReconfiguration ::=              SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        rrcReconfiguration                  RRCReconfiguration-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

// Some parts omitted 

RRCReconfiguration-v16-IEs   ::=            SEQUENCE {
[bookmark: _Hlk16493393]	conditionalReconfiguration           			ConditionalReconfiguration    							      	      OPTIONAL,   -- Need M
	nonCriticalExtension                        SEQUENCE {} OPTIONAL
}

[. . .] 
–	ConditionalReconfiguration
The IE ConditionalReconfiguration is used to add, modify or release a conditional handover configuration per target candidate cell.
ConditionalReconfiguration information element
-- ASN1START
-- TAG-CONDITIONAL-RECONFIG-START

ConditionalReconfiguration ::= 						SEQUENCE {
	condReconfigurationToRemoveList                  		CondReconfigurationToRemoveList 						OPTIONAL,   -- Need N
    condReconfigurationToAddModList                  		CondReconfigurationToAddModList 						OPTIONAL,   -- Need N
	...
}

CondReconfigurationToRemoveList ::=     				SEQUENCE (SIZE (1..maxNrofCondReconf)) OF CondReconfigurationId


-- TAG-CONDITIONAL-RECONFIG-STOP
-- ASN1STOP
************************************************************************************************************************

The same RRCReconfiguration message is also used to indicate that the UE shall perform a reconfiguration with sync (e.g. handover) if it includes a reconfigurationWithSync field of UE ReconfigurationWithSync. 
While UE is monitoring CHO trigger/execution conditions the UE may receive an RRCReconfiguration containing both CHO configurations (e.g. a non-empty condReconfigurationToAddModList or equivalent) and a reconfigurationWithSync within CellGroupConfig.
That shall be interpreted by the UE as a handover command prepared by a target node whose target cell indicated in reconfigurationWithSync field of IE ReconfigurationWithSync has also decided to configure CHO for that UE accessing the target cell. The target is able to do that thanks to the fact that measurement report information may be provided to the target gNodeB together with the UE’s current configuration. Hence, if the message contains both a reconfigurationWithSync and CHO configurations the UE first performs reconfiguration with sync according to the provided configuration and only applies the actions related to the CHO configurations (e.g. monitoring of trigger/execution conditions) upon accessing the target cell, as shown in the example below:
[image: ]
Another consequence of configuring CHO with an RRCReconfiguration for a given target candidate is that a given RRCReconfiguration may contain its own CHO configurations. So, when a trigger/execution condition fulfilled the UE applies the stored associated RRCReconfiguration. And, part of that may comprise CHO configuration to be used in the new target cell. This is also a special case where the RRCReconfiguration contains both a reconfiguration with sync and CHO configurations. 
If an RRCReconfiguration includes both a reconfigurationWithSync and CHO configuration, the UE first performs the reconfiguration with sync and considers the CHO configurations to be applied at the new target. 

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observations and proposals:
1. UE may send measurement reports while monitoring CHO triggering conditions.
1. UE may be configured with same trigger condition for CHO and measurement report. Ambiguities on which procedure to execute can be fixed with network implementation e.g. blacklist of CHO cell(s).
1. Upon successful HO execution, the UE releases the stored RRCReconfiguration(s) for target candidates that are not applied.
1. Upon successful HO execution, the UE autonomously releases measurement configuration(s) only associated to CHO. 
1. Agree of TP alternative 1 or TP alternative 2 for UE autonomous removal of measurement configuration(s) only associated to CHO. 
1. If an RRCReconfiguration includes both a reconfigurationWithSync and CHO configuration, the UE first performs the reconfiguration with sync and considers the CHO configurations to be applied at the new target. 
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