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1	Introduction
In this contribution, we discuss two of remaining issues for CHO execution. One is on multiple TTT fulfilment, another is normal handover command for CHO execution.

2	Discussion on handling for multiple TTTs in CHO
The following was agreed during RAN2#108 meeting related to support of multiple CHO events as condition, and different time to trigger for each event:
	Agreements: 
 1	For A3 event, A3 event offset, hysteresis and time to trigger should be allowed to configure differently for the 2 measID for the same event, same RS type and same measurement object.
2	For A5 event, A5 threshold 1 and A5 threshold 2, hysteresis and time to trigger should be allowed to configure differently for the 2 measID for the same event, same RS type and same measurement object.


The handling of TTT configured on the UE for CHO events are already being discussed as part of [1]. However, the discussion in [1] requires the UE to fulfil the entry condition for a prolonged time period. In this paper, we address the simplified handling of multiple TTT configured for CHO events.  

The handling of multiple TTTs configured for CHO events is discussed in [1]. As per the current status of email discussion:
Based on the discussion in [1], the understanding on handling the “and” condition is:
· event 1 meets the threshold first, and starts TTT1; 
· And then event 2 meets the threshold, and starts TTT2. 
· TTT2 expires, if both event 1 and 2 fulfil the condition during TTT2 running period and event 1 is fulfilled, then we consider execution condition is met;
That is, for event 2, TTT=TTT2; but for event 1, TTT= TTT2+ the time when TTT1 starts until TTT2 starts; as illustrated in below figure from [1] 
[image: ]




As per the above understanding, the event 1 shall fulfil its entry condition for a prolonged period i.e. it has to fulfil its entry condition even for longer duration that it’s configured TTT. This does not appear to align with the expected operation.
Observation 1: The entry condition for event 1 needs to be fulfilled for a duration larger than its configured TTT, based on the current understanding. 
Let’s consider a case where 2 CHO events are configured for a candidate cell and event 1 fulfils its entry condition before event 2. Event 1 is configured with TTT1 (say for RSRP measurement) and event 2 is configured for TTT2 (say for RSRQ measurement) where TTT1 and TTT2 can be different values. In this case, when event 1 (or event 2 whichever fulfils entry condition first) fulfils the entry condition, UE starts TTT1. Event 2 may fulfil its entry condition either while TTT1 is already running, or after TTT1 is expired. In both these cases, the UE continues to monitor both the events till event 2 also fulfils condition to execute the CHO. 
When event 2 fulfils the entry condition, TTT2 is started. When TTT2 expires, the UE considers event 2 to be fulfilled, if the entry condition for event 2 is fulfilled for all layer 3 measurements taken during TTT2. At this instance, the UE still needs to fulfil event 1 criteria. Therefore, at the time instance where TTT2 expires, the UE has evaluated event 1 and event 2, and the measurements fulfil the corresponding entry conditions for their associated TTT duration i.e. event 1 measurements satisfy its entry condition for TTT1 duration (TTT1 duration immediately preceding the expiry of TTT2), and event 2 measurements satisfy its entry condition for TTT2 duration. Unlike the case indicated in observation 1, the UE does not have to fulfil its entry condition for a prolonged period ranging from start of TTT1 to expiry of TTT2. Instead, the UE has to fulfil event 1 entry condition for TTT1 for all layer 3 measurements taken for event 1 during TTT1 duration immediately preceding the expiry of TTT2 as illustrated figure below. 
[image: ]
Any layer 3 filtered measurement that precedes the required TTT1 start instance (i.e. start of TTT1 immediately preceding TTT2 expiry) does not impact the CHO decision. This aligns to scenario where only a single event is configured for triggering CHO execution, where the event has to fulfil its entry condition only for its configured TTT duration. As a result, event 1 has to fulfil its entry condition only for TTT1 duration, and event 2 has to satisfy its entry condition only for TTT2, as illustrated in figures below:
[image: ]
Observation 2: To execute CHO, event 1 has to fulfil its entry condition only for TTT1 duration, and event 2 has to satisfy its entry condition only for TTT2
Observation 3: Both events need to satisfy the entry condition for its corresponding TTT duration immediately preceding the expiry of TTT of the second event.
Proposal 1: CHO is executed when both events fulfil its entry condition for corresponding TTTs preceding the time of triggering CHO execution.
Proposal 2: If the above proposals are agreed, RAN to agree to the indicative text proposal



3	Discussion on Normal handover command for CHO execution

During RAN2#107b, the working assumption regarding handover failure/RLF handling by using conditional handover execution was finally agreed as below:
Agreements
1.	Confirm the working assumption as an optional feature:
At RLF/HO failure/CHO failure, 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.
If the CHO performed during failure handling procedure fails, the UE will perform re-establishment, i.e. we do not allow multiple attempts of CHO during failure case.
FFS on how to capture it in specification;
If UE doesn’t support this capability, it does re-establishment (just as now). Network can configure what UE does.
We discuss on the command of normal handover using already stored CHO configurations.

As shown in the failure handling by using CHO configuration, CHO gives another possibility to reduce the latency which can be made in formal UE’s relocation procedure on failure handling. Not only for failure handling, in normal connected case, this benefit can be utilized. 
Normal handover command for CHO execution:
Normal handover command always has the priority on the CHO, so even Cho is configured, the network can command the handover whenever it wants. However, if following the legacy procedure i.e., SN (source node) sends HO request msg to TN (target node), TN does admission control and feedback to the sN, and SN finally sends HO command to the UE, there could be signaling overhead and unnecessary latency compared to just reuse already given configurations.
In short, it seems very natural to reuse the given Cho configuration for executing the normal network driven handover. In CHO, already the target cell configuration was given to the UE, and always the CHO configuration is updated according to the source cell’s configuration change. Therefore the CHO target cell configuration is always ready to be used. Moreover, by simply indicating the aimed target cell in the reconfiguration message, the network doesn’t need to waste the valuable air resource on sending lengthy target cell configuration information again.
Finally, we would like to propose to reuse the already configured CHO candidate cell configuration as the target cell configuration for normal handover. 

Observation 3. Reusing the given CHO configuration for normal handover execution can reduce the HO preparation time, inter-node signaling, and resource waste for configuration signaling to UE.
Proposal 4. RAN2 agree that normal handover can be commanded for indicating CHO execution for a configuration stored at UE.

How to signal for this can be further discussed once this proposal is agreed. The below is the text proposal




4	Conclusion
The contribution discusses two remaining issues on CHO execution. 
Regarding multiple TTT fulfilment, the following observations and proposals are made. 
Observation 1: The entry condition for event 1 needs to be fulfilled for a duration larger than its configured TTT, based on the current understanding. 
Observation 2: To execute CHO, event 1 has to fulfil its entry condition only for TTT1 duration, and event 2 has to satisfy its entry condition only for TTT2
Observation 3: Both events need to satisfy the entry condition for its corresponding TTT duration immediately preceding the expiry of TTT of the second event.
Proposal 1: CHO is executed when both events fulfil its entry condition for corresponding TTTs preceding the time of triggering CHO execution.
Proposal 2: If the above proposals are agreed, RAN to agree to the indicative text proposal

Also, regarding normal HO command for CHO execution, the following proposal is made:
Observation 4. Reusing the given CHO configuration for normal handover execution can reduce the HO preparation time, inter-node signaling, and resource waste for configuration signaling to UE.
Proposal 3. RAN2 agree that normal handover can be commanded for indicating CHO execution for a configuration stored at UE.
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Text Proposal for multiple TTTs in CHO:
	Alternative 1



5.3.5.x.4	Conditional handover monitoring
The UE shall:
1>	for each CHO-ConfigId within the VarCHO-Config:
2>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon in the received cho-RRCReconfig to be applicable cell;
2> if, for each measId included in the associated condExecutionCond, the layer 3 filtered measurements of the applicable cell meet the condition the preceding duration corresponding to the TTT of the associated cho-TriggerConfig:
2>	for each measId included in the measIdList within VarMeasConfig indicated in the cho-ExecutionCond associated to cho-ConfigId:
3>	if the entry condition(s) applicable for all events associated with the CHO-ConfigId, i.e. the event(s) corresponding with the cho-eventId(s) of the corresponding cho-TriggerConfig within VarCHO-Config, are fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the coorsponding timeToTrigger defined for this event within the VarCHO-Config:
4> consider the entry condition for the associated measId within cho-TriggerConfig as fulfilled;    
2>	if entry conditions for all associated measId(s) within cho-TriggerConfig are fulfilled:
4> consider the target candidate cell within the stored cho-RRCReconfig, associated to that CHO-ConfigId, as a triggered cell;
           		3>4> initiate the conditional handover execution, as specified in 5.3.5.x.5;
	Alternative 2 (on top of option 1 in email discussion [1])



5.3.5.x.4	Conditional handover monitoring
The UE shall:
1>	for each CHO-ConfigId within the VarCHO-Config:
2>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon in the received cho-RRCReconfig to be applicable cell;
2>	if one event is associated with the CHO-ConfigId, and the entry condition applicable for the event, i.e. the event(s) corresponding with the cho-eventId(s) of the corresponding cho-TriggerConfig within VarCHO-Config, areis fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the coorsponding timeToTrigger defined for this event within the VarCHO-Config: or
2>	if two events are associated with the CHO-ConfigId, and the entry conditions applicable for all events associated with the CHO-ConfigId, i.e. the events corresponding with the cho-eventIds of the corresponding cho-TriggerConfig within VarCHO-Config, are fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the coorsponding timeToTrigger defined for this event within the VarCHO-Config, and if second TTT expires while the first triggered event (TTT expires first) still satisfy entry condition for its configured TTT (i.e. first TTT):
3> consider the applicable cell as a triggered cell;
3> initiate the conditional handover execution, as specified in 5.3.5.x.5;
	End of Changes




Text proposal for normal HO command for CHO execution

<skipped>
[bookmark: _Toc20425700][bookmark: _Toc29321096]5.3.5.3	Reception of an RRCReconfiguration by the UE
<skipped>
1> if the RRCReconfiguration message includes the cho-Config:
2> perform conditional handover configuration as specified in 5.3.5.x; 
1> if the RRCReconfiguration message includes the executeCHO:
2> perform conditional handover execution as specified in 5.3.5.x.5; 
<skipped>

5.3.5.x.5	Conditional handover execution
The UE shall:
1>	if more than one triggered cell exists:
2>	select one of the triggered cells as the selected cell for conditional handover;
1>	for the selected cell of conditional handover:
2>	apply the stored cho-RRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3;
1>	if received executeCHO includes cho-ConfigId;
2>	for the cell associated to cho-ConfigId in CHO-Config, apply the stored cho-RRCReconfig and perform the actions as specified in 5.3.5.3;
<skipped>


[bookmark: _Toc20425893][bookmark: _Toc29321289]–	RRCReconfiguration
The RRCReconfiguration message is the command to modify an RRC connection. It may convey information for measurement configuration, mobility control, radio resource configuration (including RBs, MAC main configuration and physical channel configuration) and AS security configuration.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

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

RRCReconfiguration-IEs ::=          SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    secondaryCellGroup                      OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-IEs                                           OPTIONAL
}

RRCReconfiguration-v1530-IEs ::=            SEQUENCE {
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    fullConfig                              ENUMERATED {true}                                                      OPTIONAL, -- Cond FullConfig
    dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedNAS-Message                     OPTIONAL, -- Cond nonHO
    masterKeyUpdate                         MasterKeyUpdate                                                        OPTIONAL, -- Cond MasterKeyChange
    dedicatedSIB1-Delivery                  OCTET STRING (CONTAINING SIB1)                                         OPTIONAL, -- Need N
    dedicatedSystemInformationDelivery      OCTET STRING (CONTAINING SystemInformation)                            OPTIONAL, -- Need N
    otherConfig                             OtherConfig                                                            OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1540-IEs                                           OPTIONAL
}

RRCReconfiguration-v1540-IEs ::=        SEQUENCE {
    otherConfig-v1540                       OtherConfig-v1540                      OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1560-IEs           OPTIONAL
}

RRCReconfiguration-v1560-IEs ::=            SEQUENCE {
    mrdc-SecondaryCellGroupConfig               SetupRelease { MRDC-SecondaryCellGroupConfig }                    OPTIONAL,   -- Need M
    radioBearerConfig2                          OCTET STRING (CONTAINING RadioBearerConfig)                       OPTIONAL,   -- Need M
    sk-Counter                                  SK-Counter                                                        OPTIONAL,   -- Need N
    nonCriticalExtension                        RRCReconfiguration-v16xy-IEs-v16xy-IEs {}                                                       OPTIONAL
}

RRCReconfiguration-v16xy-IEs ::=            SEQUENCE {
    cho-Config-r16                              CHO-Config-r16                                                    OPTIONAL,   -- Need M
    daps-SourceRelease-r16                      ENUMERATED{true}                                                  OPTIONAL,   -- Need N
	executeCHO-r16								CHO-ConfigId-r16										OPTIONAL, 	-- Need N
    nonCriticalExtension                        SEQUENCE {}                                                       OPTIONAL
}

MRDC-SecondaryCellGroupConfig ::=       SEQUENCE {
    mrdc-ReleaseAndAdd                  ENUMERATED {true}                                                         OPTIONAL,   -- Need N
    mrdc-SecondaryCellGroup             CHOICE {
        nr-SCG                              OCTET STRING  (CONTAINING RRCReconfiguration), 
        eutra-SCG                           OCTET STRING
    }
}

MasterKeyUpdate ::=                 SEQUENCE {
    keySetChangeIndicator           BOOLEAN,
    nextHopChainingCount            NextHopChainingCount,
    nas-Container                   OCTET STRING                                                     OPTIONAL,    -- Cond securityNASC
    ...
}

-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP

	RRCReconfiguration-IEs field descriptions

	daps-SourceRelease
Indicates that the source is released.

	cho-Config
Configuration of target candidate cell(s) and execution condition(s) for conditional handover. The field is absent if dapsConfig is configured for any DRB.

	executeCHO
Indicates the target cell for immediate handover to. UE shall apply the RRCReconfiguration associated with cho-ConfigId stored in VarCHO-Config. Network can further update RRCReconfiguratoin stored by including fields to override in RRCReconfiguration message including this IE. 

	dedicatedNAS-MessageList
This field is used to transfer UE specific NAS layer information between the network and the UE. The RRC layer is transparent for each PDU in the list. 

	dedicatedSIB1-Delivery
This field is used to transfer SIB1 to the UE. The field has the same values as the corresponding configuration in servingCellConfigCommon.

	dedicatedSystemInformationDelivery
This field is used to transfer SIB6, SIB7, SIB8 to the UE.

	fullConfig
Indicates that the full configuration option is applicable for the RRCReconfiguration message for intra-system intra-RAT HO. For inter-RAT HO from E-UTRA to NR, fullConfig indicates whether or not delta signalling of SDAP/PDCP from source RAT is applicable. This field is absent if dapsConfig is configured for any DRB or when the RRCReconfiguration message is transmitted on SRB3, and in an RRCReconfiguration message contained in another RRCReconfiguration message (or RRCConnectionReconfiguration message, see TS 36.331 [10]) transmitted on SRB1.



<other field descriptions omitted>
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