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Introduction
In the work item for Even further Mobility Enhancements in E-UTRAN [1] one objective is to improve the robustness at handover. In RAN2#104 it was agreed that conditional handover is one solution that should be considered for improving the handover robustness in LTE. 
In RAN2#106, the following was agreed regarding the CHO configuration in LTE:
Agreements

1: Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 
…
2: A3/A5-like CHO execution condition shall be specified. 
3: Separate CHO execution condition(s) can be configured for each individual candidate cells.
4: 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). 
5: As a baseline CHO can be triggered based on a condition consisting of a single event, singe quantity. The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR.  
=> FFS Whether multiple triggering conditions are required. 
      …

[bookmark: _Ref178064866]To resolve some issues the following email discussion was initiated [2]:
[106#42][NR/LTE/mob enh] CHO configuration (OPPO)
	How to define the CHO configuration, how to update the configuration, how to configure the execution condition
	Intended outcome: Report to the next meeting
	Deadline:  Thursday 2019-08-08

In this contribution we take the email discussion into account and discuss further details regarding the triggering conditions to be monitored for CHO. We also discuss some specific signaling possibilities.



Discussion

Multiple triggering conditions
The reception of a measurement report associated to an A3 event indicates that there is at least one cell whose trigger quantity is an offset better than the PCell. The network may also configure additional information to be reported which may be used by the network as an input to the handover function. For example, the network may configure the UE to report both quantities (RSRP, RSRQ) (which is a separate parameter in reportConfigEUTRA) even if the trigger quantity is set to be e.g. RSRP. That would allow the network to take a decision not only based on a single trigger quantity.
-- ASN1START

ReportConfigEUTRA ::=				SEQUENCE {
	triggerType							CHOICE {
		event								SEQUENCE {
			eventId								CHOICE {
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …
				eventA3								SEQUENCE {
					a3-Offset							INTEGER (-30..30),
					reportOnLeave						BOOLEAN
				},
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …
			},
			hysteresis							Hysteresis,
			timeToTrigger						TimeToTrigger
		},
		periodical								SEQUENCE {
			purpose									ENUMERATED {
														reportStrongestCells, reportCGI}
		}
	},
	triggerQuantity						ENUMERATED {rsrp, rsrq},
	reportQuantity						ENUMERATED {sameAsTriggerQuantity, both},
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

A typical measurement configuration is when the network configures two instances of A3 event (or two measId(s) associated to a reportConfig with an A3 event, to be more precise) for the same measObject (i.e. same target frequency) but with different trigger quantities and thresholds e.g. one for RSRP and one for RSRQ. That reflects the wish to only handover to a neighbour cell when not only RSRP, but RSRQ is expected to be better than the PCell. As handover decisions are only made when the both criteria based on both trigger quantities are fulfilled, the network may wait for the reception of both types of measurement reports before it takes a handover decision.
To have similar performance in CHO, we need to support the triggering of CHO when conditions are fulfilled for more than one trigger quantity (e.g. RSRP and RSRQ).
Conclusion from email discussion and discussion on signaling alternatives
This issue of multiple trigger conditions was discussed in the email discussion [106#42][NR/LTE/mob enh] CHO configuration (OPPO) and it seems most companies were in favor of enabling the network to configure multiple trigger conditions.
In the CHO configuration email discussion, most companies agree that multiple triggering conditions for CHO execution should be supported.

Stage-3 details on the CHO configurations are still to be discussed, but there are not 100 ways to do that, so we will likely end up with a configuration where a HO command (i.e. an RRCReconfiguration with a reconfigurationWithSync) is linked to a reportConfig-like configuration of an event A3/A5.
Using the current structure of ReportConfigEUTRA as baseline, that could be done by adding a new value for triggerQuantity. for example as follows:

	triggerQuantity-r15					ENUMERATED {rsrp, rsrq, rsrpandrsrp},

A second alternative is to associate multiple measurement identifiers to a CHO command to be executed, where each measurement identity has a different trigger condition (e.g. two A3-like events, one with RSRP and the other with RSRQ as trigger quantity). Considering the agreement that the CHO execution condition is defined by a measurement identity which identifies a measurement configuration, the RRCConnectionReconfiguration from a given target candidate could be associated to a list of measId(s) within the CHO configuration, as shown below:
CondReconfigurationToAddModList information element
-- ASN1START
-- TAG-COND-RECONFIGURATION-TO-ADD-MOD-LIST-START

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


CondReconfigurationAddMod::=                  SEQUENCE {
    condReconfigurationId 			CondReconfigurationId,
	condReconfiguration				CondReconfiguration
. . . 
}

CondReconfigurationPerTargetCandidate::= 	SEQUENCE {
    rrcReconfigurationToApply		     	OCTET STRING (CONTAINING RRCConnectionReconfiguration)
    triggerCondition							SEQUENCE (SIZE (1.. maxNrofTriggerCond)) OF MeasID,
...
}

-- TAG-COND-RECONFIGURATION-TO-ADD-MOD-LIST-STOP
-- ASN1STOP

In that solution, the list of measID(s) refers to measurement identifiers in measConfig where each of them associates a measurement object to an A3/A5-like event as defined in Rel-15. As the multiple triggers are modeled with the list of measIDs, we would not need to change anything in the structure of ReportConfigEUTRA, but simply use the MeasIdToAddMod IE to include add a measurement identifier associated to CHO. 
These details can be discussed in the next meeting, but suggest for the time being that RAN2 just discuss the two alternatives based on this preliminary analysis:
1. Discuss how to signal CHO configuration with multiple trigger conditions:
1. Enhance A3/5 event to be based on multiple trigger conditions;
1. Enable multiple instances of A3/A5 event to be linked to the same RRCConnectionReconfiguration in CHO configuration.


Cell and target frequency
For each measurement to be reported (e.g. for A3 event, proposed as starting baseline for CHO triggering), the UE is configured with a measurement identifier, a report configuration and a measurement object (that indicates the target frequency and the neighbour cell).
For conditional handover triggering condition configuration, in addition to the previous parameters, the UE also requires information about the neighbour cell to be monitored, such as:
· A neighbour cell identifier to be monitored;
· A neighbour frequency of the cell identifier;
One alternative to obtain the information for the target cell could be to obtain it from the RRCConnectionReconfiguration with MobilityControlInfo prepared by each target cell candidate. That contains both PCI and a carrierFrequency, as shown below:
-- ASN1START

MobilityControlInfo ::=		SEQUENCE {
	targetPhysCellId					PhysCellId,
	carrierFreq							CarrierFreqEUTRA					OPTIONAL,	-- Cond HO-toEUTRA2
		

If that would have been adopted as a solution, one could perhaps skip the need to associate the CHO configuration to a measurement object. But considering the agreement that defines a “CHO execution condition by the measurement identity which identifies a measurement configuration”, we interpret that the CHO configuration for each candidate target cell is associated to a measId in measConfig, which is associated to a measurement object. In other words, at least the target candidate frequency could be obtained in the associated measurement object, as shown below:
MeasIdToAddMod ::=                  SEQUENCE {
    measId                              MeasId,
    measObjectId                        MeasObjectId,
    reportConfigId                      ReportConfigId
}

Consequently, the network needs to provide a consistent configuration to the UE where the frequency in the target candidate cell RRCConnectionReconfiguration matches the frequency in the measurement object associated to the measId for that same RRCConnectionReconfiguration in CHO configuration. Hence, in conclusion, the UE could obtain the frequency to be monitored in the associated measurement object, and the PCI to be monitored in the associated MobilityControlInfo.
One alternative to only rely on the measurement object could be to use the whitelist concept, where the list could be filed with the target candidate PCI. However, that would limit the possibilities to use the CHO feature with measurement reporting, since the same measObject could be associated to other events and/or measurement reports. Hence, it seems more reasonable if the frequency information is obtained in the measurement object and the applicable cell for the associated measurement identifier is obtained in the MobilityControlInfo.
1. [bookmark: _Hlk16251920]UE obtains the frequency to be monitored in the associated measurement object.
1. UE obtains the PCI to be monitored in the associated MobilityControlInfo.


Time to trigger
[bookmark: _Hlk7437176]Even though we have agreed to support A3/5 event as the trigger condition for CHO, perhaps not all fields are applicable, especially parameters related to the triggering once measurements are available such as hysteresis, time to trigger, etc. Time to trigger configuration, in the case of measurement reporting triggering, is used to avoid the triggering of a measurement report driven by a spike in radio conditions that are not stable, to avoid unnecessary signaling and only transmit these measurements when they are really stable. In our view that is even more important in CHO, otherwise we would risk triggering too early conditional handovers which could lead to conditional handover to the wrong cell and/or simultaneous handover ping-pongs.
Time to trigger configuration is applicable when configuring A3/5 event as CHO trigger conditions. FFS whether hysteresis is also applicable.  

Conclusion
RAN2 is kindly asked to discuss the following proposals: 
1. Discuss how to support triggering of CHO based on multiple trigger quantities:
i. Enhance A3/5 event to be based on multiple trigger quantities;
ii. Enable two instances of A3/A5 event (possibly with different quantities) to be linked to the same HO command in CHO configuration.
[bookmark: _In-sequence_SDU_delivery]UE obtains the frequency to be monitored in the associated measurement object.
UE obtains the PCI to be monitored in the associated MobilityControlInfo.
Time to trigger configuration is applicable when configuring A3/5 event as CHO trigger conditions. FFS whether hysteresis is also applicable.  
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