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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.
In RAN2#107, [2] was discussed and the following was agreed:
Agreements
[bookmark: _GoBack]1: 	Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.
2	From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN

Further agreement were made in RAN2#107bis:
Agreements
0 We will prioritize work in SN-initiated PSCell change for conditional PSCell change.
1 Maintain Rel-15 principle that only one PScell is active at a time even with conditional PScell addition/change.
2	For conditional PScell addition, the MN decides on the conditional PScell addition execution condition. The condition is defined by a measurement identity, given by a measurement configuration provided by the MN.
3	For conditional PScell change, execution condition may be decided by MN (MN-initiated) or SN (SN-initiated)
4	For conditional PScell change, A3/A5 execution condition should be supported while for conditional PScell addition, A4/B1 like execution condition should be supported.   
5	For conditional SN change, the source SN configuration can be used as the reference in generation of delta signalling for the candidate SNs. 

Then, the following email discussion was agreed:
[107bis#xx][NR] Open issues for conditional PSCell addition/change (CATT)
Determine open issues that need to be resolved for the feature to be completed.
	Intended outcome: Report (may include TPs of proposals) 
	Deadline: 1 week before next meeting deadline

In this contribution we start to discuss to which extent the agreed CHO aspects can be reused for PSCell addition/change, and which scenario should be supported (e.g. EN-DC) and further implications. To some extent, we try to further discuss the aspects from the email discussion that did not have time to converge.
Discussion
Configuration of CHO vs. PSCell addition/change
From a RAN2 perspective, it seems most companies agree on a signalling structure for CHO where for each target cell candidate the UE is configured with a measurement identifier (or list of measurement identifiers, depending how multiple triggers are modelled) associated to a configuration within VarMeasConfig and an RRCReconfiguration in a container with a reconfigurationWithSync in CellGroupConfig for the masterCellGroup, as shown in the example below:
************************************************************************************************************************
–	CondReconfigurationPerTargetCandidate
The IE CondReconfigurationPerTargetCandidate contains a conditional reconfiguration for a target candidate cell including a trigger condition configuration which is a set of pointers to measurement identifiers, each measId with its trigger condition, and an associated RRCReconfiguration in an OCTET STRING to be applied when all conditions associated to the measurement identifiers are fulfilled.
CondReconfigurationPerTargetCandidate information element
-- ASN1START
-- TAG-CONDRECONFIGURATIONPERTARGETCANDIDATE-START

CondReconfigurationPerTargetCandidate ::= 		SEQUENCE {
	rrcReconfigurationToApply 						OCTET STRING (CONTAINING RRCReconfiguration)
    triggerCondition								MeasId,
	...
}


-- TAG- CONDRECONFIGURATIONPERTARGETCANDIDATE-STOP
-- ASN1STOP
************************************************************************************************************************
CHO configuration contains a reference to at least one measId in VarMeasConfig and an RRCReconfiguration in an OCTET STRING per target candidate.
PSCell addition and PSCell change procedures rely on the same RRCReconfiguration message provided in a container during CHO configuration per target candidate. And, in MR-DC operation, the UE can handovers, PSCell changes and additions based on the fields/IEs included in the RRCReconfiguration e.g. secondaryCellGroup of IE CellGroupConfig containing a reconfigurationWithSync as an indication of a PSCell addition, if no other PSCell is configured. And, even though as discussed later other events in addition to A3/A5 agreed for CHO may be needed to support PSCell addition/change, the principle of having a reference via a measId (or list of measId(s)) to the VarMeasConfig is still applicable. Hence, in our view, the same signalling structure per target candidate used to configure CHO may be re-used to configure Conditional PSCell addition and Conditional PSCell change.
Conditional PSCell addition or PSCell change configurations per target candidate comprises an RRCReconfiguration in an OCTET STRING and at least one measId pointing to VarMeasConfig.
UE distinguishes CHO and Conditional PSCell addition/change via the fields/IEs of RRCReconfiguration (as legacy).

It has also been agreed that the network may add, remove and modify CHO configurations, in an AddMod list and remove structure, as follows:
************************************************************************************************************************
–	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

	ConditionalReconfiguration field descriptions

	condReconfigurationToAddModList
List of conditional reconfigurations to add and/or modify.

	condReconfigurationToRemoveList
List of conditional reconfigurations to remove.



–	ConditionalReconfigurationId
The IE ConditionalReconfigurationId is used to identify a conditional reconfiguration i.e. linking of trigger conditions and an RRCReconfiguration to be applied upon the fulfilment of the conditions.
ConditionalReconfigurationId information element
-- ASN1START
-- TAG-CONDRECONFIGURATIONID-START

CondReconfigurationId ::=                          INTEGER (1.. maxNrofCondReconf) 

-- TAG-CONDRECONFIGURATIONID-STOP
-- ASN1STOP
–	CondReconfigurationToAddModList
The IE CondReconfigurationToAddModList concerns a list of conditional handover configurations to add or modify, with for each entry the measId (associated to the triggering condition configuration) and the associated RRCReconfiguration.
CondReconfigurationToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGURATIONTOADDMODLIST-START


CondReconfigurationToAddModList ::=                  SEQUENCE (SIZE (1.. maxNrofCondReconf)) OF CondReconfigurationAddMod

CondReconfigurationAddMod ::=                  SEQUENCE {
	condReconfigurationId							CondReconfigurationId,
	condReconfigurationPerTargetCandidate			CondReconfigurationPerTargetCandidate
	...
}


-- TAG-CONDRECONFIGURATIONTOADDMODLIST-START
-- ASN1STOP
************************************************************************************************************************
In our view, the same signalling structure may be reused for adding, modifying and removing target cell candidates for Conditional PSCell addition and/or Conditional PSCell change and/or Conditional Handover, as the UE only needs to apply the RRCReconfiguration inside the container upon fulfilment of the trigger/execution condition.  
CHO configurations may be added, modified and released with AddMod list and release list structures.
Same AddMod list (e.g. CondReconfigurationToAddModList) is used for CHO and/or Conditional PSCell addition and/or Conditional PSCell change target candidates.
Same Remove list (e.g. condReconfigurationToRemoveList) is used for CHO and/or Conditional PSCell addition and/or Conditional PSCell change target candidates.

In the email discussion [Email discussion report for [107#30][NR/LTE/Mob-enh] Configuration of CHO and execution condition [3], focusing on CHO, the rapporteur has proposed to use field names starting with “cho” instead of “condReconfiguration”, using the following argument: 
“Regarding whether CHO should be used or CondReconfiguration, Looks like the main motivation provided by Ericsson is to support it for PSCell addition/change? However, anyway we need to introduce new IE for PSCell since the UE needs to distinguish whether the execution condition and candidate cell configuration are for PCell or PScell”.
As shown above, the same signalling structure may be use for CHO configurations, PSCell addition/changes i.e. there is no need for a new list that we could call “cpscellAddModList”, as comment from rapporteur seems to suggest. In addition to it, there have been very long discussions in RAN2 concerning the handover vs. reconfiguration with sync terminology in the RRC specs and after the conclusion the term handover does not appear in RRC procedure. Hence, it is a bit silly that in Rel-16 we come back and use the terminoly “cho” in stage-3, especially considering that the same signalling structure is reused for other use cases that are NOT handovers, like PSCell addition and PSCell change.
Adopt the same principle from Rel-15 in stage-3 i.e. avoid the term handover, “ho”/“cho”, and use “reconfiguration” instead. 

Notice that in the simplest modelling in the specification, the UE stores the RRCReconfiguration in the OCTET STRING per target candidate and only applies upon execution i.e. upon fulfilment of the trigger/execution condition. Hence, depending on the content of the stored message being executed the UE perform CHO, conditional PSCell addition and/or conditional PSCell change. The procedure text for the CHO, Conditional PSCell addition and Conditional PSCell change would be rather simple and generic for the different cases, as shown below:
************************************************************************************************************************
5.3.5.x	Conditional reconfiguration
5.3.5.x.1	General
The network configures the UE with conditional reconfiguration including per target cell candidate an RRCReconfiguration to only be applied upon the fulfilment of an associated trigger condition configuration. The network provides the configuration parameters in the ConditionalReconfiguration IE.
The UE performs the following actions based on a received ConditionalReconfiguration IE:
1>	if the received condReconfiguration includes the condReconfigurationToRemoveList:
2> perform the conditional reconfiguration removal procedure as specified in 5.3.5.x.2;
1>	if the received condReconfiguration includes the condReconfigurationToAddModList:
2>	perform the conditional reconfiguration removal addition/modification procedure as specified in 5.3.5.x.3;

5.3.5.x.2	Conditional reconfiguration removal
The UE shall:
1>	for each condReconfigurationId included in the received condReconfigurationToRemoveList that is part of the current UE configuration in VarConditionalReconfiguration:
2>	stop the monitoring of triggering conditions linked by the measurement identities;
2>	remove the entry with the matching condReconfigurationId from the condReconfigurationList within the VarConditionalReconfiguration;
NOTE:	The UE does not consider the message as erroneous if the condReconfigurationToRemoveList includes any condReconfigurationId value that is not part of the current UE configuration.
Editor's Note: FFS Whether one needs to define any UE autonomous removal of measurement configurations upon the removal of a CHO configuration.
5.3.5.x.3	Conditional reconfiguration addition/modification
The UE shall:
1>	for each condReconfigurationId included in the received condReconfigurationToAddModList:
2>	if an entry with the matching condReconfigurationId exists in the condReconfigurationList within the VarConditionalReconfiguration:
3>	stop the monitoring of triggering conditions linked by the measurement identities;
3>	replace the entry with the values received for this condReconfigurationId;
Editor's Note: FFS Confirm that the RRCReconfiguration is also replaced, and handling if that is absent.
2>	else:
3>	add a new entry for this condReconfigurationId within the VarConditionalReconfiguration;
3>	store the associated RRCReconfiguration in VarConditionalReconfiguration;
2>	monitor the triggering conditions associated to the measurement identities of that condReconfigurationId, as specified in 5.5.4
5.3.5.x.4	Conditional reconfiguration execution
For the measId for which the trigger condition for conditional reconfiguration was fulfilled, the UE shall:
1>	for each condReconfigurationId within the VarConditionalReconfiguration that has that measId associated to its stored RRCReconfiguration:
2>	if all trigger conditions are fulfilled for that condReconfigurationId:
3>	consider the target cell candidate within the stored RRCReconfiguration, associated to that condReconfigurationId, as a triggered cell;
1>	if there are more than one triggered cell:
2>	FFS;
Editor's Note: FFS Cell selection in case multiple cells fulfil the triggering conditions for conditional reconfiguration.
1>	else:
2>	consider that cell as the selected cell for conditional reconfiguration;
1>	upon selecting one target candidate cell for conditional reconfiguration:
2>	if the UE is able to comply with the stored RRCReconfiguration for the selected cell:
3>	apply the stored RRCReconfiguration as specified in 5.3.5.3;
2>	else:
3>	perform the reconfiguration failure procedure, as specified in 5.3.5.8;
Editor's Note: FFS Whether the compliance of the target candidates RRCReconfiguration is performed upon reception of the conditional reconfiguration(s).
************************************************************************************************************************
The companion TP in [4] implements CHO like that i.e. there would be only minor modifications required to introduce conditional PSCell addition/change.

Signalling of event configurations for PSCell addition/change
In the email discussion [Email discussion report for [107#30][NR/LTE/Mob-enh] Configuration of CHO and execution condition [3], focusing on CHO, it seems most of the companies showed some preference for the following signalling structure:
Alt 1-2: refer to MeasID, to support two quantities, the network needs to configure two MeasId with different quantity; But define CHO specific events in ReportConfig;
ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
        reportSFTD                                  ReportSFTD-NR
        ]],
        [[
        condReconfigurationTrigger					CondTriggerConfig,
        ]]

    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
    ...
}

ReportSFTD-NR ::=                     SEQUENCE {
    reportSFTD-Meas                      BOOLEAN,
    reportRSRP                           BOOLEAN,
    ...
}

CondTriggerConfig::=            			SEQUENCE {
    eventId                                     CHOICE {
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            timeToTrigger                               TimeToTrigger,
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            timeToTrigger                               TimeToTrigger,
        },
        ...
    },

    rsType                                      NR-RS-Type,

    ...
}

That relies on the fact that the CondReconfigurationPerTargetCandidate is modified to get multiple measurement identities as input, as follows: 
************************************************************************************************************************
–	CondReconfigurationPerTargetCandidate
The IE CondReconfigurationPerTargetCandidate contains a conditional reconfiguration for a target candidate cell including a trigger condition configuration which is a set of pointers to measurement identifiers, each measId with its trigger condition, and an associated RRCReconfiguration in an OCTET STRING to be applied when all conditions associated to the measurement identifiers are fulfilled.
CondReconfigurationPerTargetCandidate information element
-- ASN1START
-- TAG-CONDRECONFIGURATIONPERTARGETCANDIDATE-START

CondReconfigurationPerTargetCandidate ::= 		SEQUENCE {
	rrcReconfigurationToApply 						OCTET STRING (CONTAINING RRCReconfiguration)
    triggerCondition								SEQUENCE (SIZE (1.. maxNrofTRiggerCond)) OF MeasIdMeasId,
	...
}


-- TAG- CONDRECONFIGURATIONPERTARGETCANDIDATE-STOP
-- ASN1STOP
************************************************************************************************************************
Considering that A4 is also used as an event to trigger a conditional reconfiguration (e.g. PSCell addition for the intra-RAT case), the signalling structure in ReportConfigNR is also modified as follows:
************************************************************************************************************************
ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
        reportSFTD                                  ReportSFTD-NR
        ]],
        [[
        condReconfigurationTrigger					CondTriggerConfig,
        ]]

    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
    ...
}

ReportSFTD-NR ::=                     SEQUENCE {
    reportSFTD-Meas                      BOOLEAN,
    reportRSRP                           BOOLEAN,
    ...
}

CondTriggerConfig::=            			SEQUENCE {
    eventId                                     CHOICE {
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            timeToTrigger                               TimeToTrigger,
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            timeToTrigger                               TimeToTrigger,
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            timeToTrigger                               TimeToTrigger,
        },
        ...
    },

    rsType                                      NR-RS-Type,

    ...
}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...
    },

    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R
    ...
}

PeriodicalReportConfig ::=                  SEQUENCE {
    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                    INTEGER (1..maxNrofIndexesToReport)                           OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    useWhiteCellList                            BOOLEAN,
    ...
}

NR-RS-Type ::=                              ENUMERATED {ssb, csi-rs}

MeasTriggerQuantity ::=                     CHOICE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

MeasTriggerQuantityOffset ::=               CHOICE {
    rsrp                                        INTEGER (-30..30),
    rsrq                                        INTEGER (-30..30),
    sinr                                        INTEGER (-30..30)
}


MeasReportQuantity ::=                      SEQUENCE {
    rsrp                                        BOOLEAN,
    rsrq                                        BOOLEAN,
    sinr                                        BOOLEAN
}


-- TAG-REPORTCONFIGNR-STOP
-- ASN1STOP
************************************************************************************************************************
[bookmark: _Toc242573360]Summary
[bookmark: _Hlk528334907][bookmark: _Toc242573361]Based on the discussions above, the following is proposed:
1. Conditional PSCell addition or PSCell change configurations per target candidate comprises an RRCReconfiguration in an OCTET STRING and at least one measId pointing to VarMeasConfig.
1. UE distinguishes CHO and Conditional PSCell addition/change via the fields/IEs of RRCReconfiguration (as legacy).
1. Same AddMod list (e.g. CondReconfigurationToAddModList) is used for CHO and/or Conditional PSCell addition and/or Conditional PSCell change target candidates.
1. Same Remove list (e.g. condReconfigurationToRemoveList) is used for CHO and/or Conditional PSCell addition and/or Conditional PSCell change target candidates.
1. Adopt the same principle from Rel-15 in stage-3 i.e. avoid the term handover, “ho”/“cho”, and use “reconfiguration” instead. 
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