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1 Introduction
In RAN2#108 meeting, RAN2 has achieved the following agreements on configuration of two CHO execution triggering events [1]:

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.

3
All event combinations (i.e. A3+A5, A3+A3 and A5+A5) are supported.

4
For both A3 and A5 events, no changes to cell specific offset.

5
maxNrofRS-IndexesToReport, maxReportCells, reportAddNeighMeas, reportAmount, reportOnLeave, reportQuantityCell, reportQuantityRS-Indexes, and useWhiteCellList are not supported within the measID that is configured for triggering conditional handover.
6
No changes to S-measure, i.e. it applies to measurements of the CHO candidate cells.

During the RAN2#108 online discussion, there is no clear resolution on the detailed procedure with two joint events for CHO execution triggering. It is an issue identified for further study [1]:
=> FFS on Stage-3 details: whether there are issues with configuration of different events (e.g. A3+A5) and how to handle the “and” of two triggering events in RRC
During the email discussion “108#66 Open issues on NT/LTE mobility” [2], several options of joint events handling are on the table which deserve further study and discussion: 
Option 1: Handle these two events independently. Consider each event is fufiled if the entry condition applicable for each event. And if both events TTT expires regardless of they remain in the entry condition, we consider execution condition is met. 

Option 2: Handle these two events together. That is, we need to check whether the first event is still fulfilled (remain in the entry condition) when the second event is fulfilled (TTT expires)
Option 3: One event fulfills TTT, and the TTT of the other event already expired and does not fulfill the “leaving-condition”

Option 4: Both the first and second events fulfill “entering condition” and does not fulfill the “leaving condition”, when the second event’s TTT (the later event’s TTT) expires.
In this paper, we further discuss the pros and cons to have multiple joint triggering events, provide analysis on the behaviour and complexity of the possible solutions, and based on the analysis provide a suboptimum solution and the corresponding stage 3 TP for two event joint execution triggering. 
2 Discussion
2.1 Analysis on two events triggering
It is a common assumption that involving more than one execution triggering event and quantity for CHO can increase the flexibility and reliability. The two-event operation can be “OR” operation or “AND” operation. The “OR” operation is that as long as one of the quantities fulfils its execution triggering condition, the execution started. The “OR” operation is straight forward and can be simply extended from the conventional single quantity/event operation. Relative to the single quantity/event approach, the two event “OR” operation is more relaxed overall triggering condition while maintain the certain reliability with at least one of the quantities meet the quality criterion. The complexity over the legacy single event approach is small. Triggering the CHO execution more quickly may improve the reliability at the source side at the expense the reliability at the target side. This is in general consistent with the motivation of CHO.
Observation 1: The two event “OR” operation increase the flexibility and may reduce the delay of CHO execution triggering with relatively small complexity increase.

In this discussion, we are more focused on the “AND” operation. The “AND” event triggering means both quantities fulfil the entering condition of the two events. During the email discussion, there were several options of the “AND” operations. It seems there are still different interpretations on what “the events Ax AND Ay fulfilled” means. Based on the current definition of a single quantity triggering event Ax, Ax is fulfilled during the period from fulfilling the entering condition (when the Ax is entered) till the quantity leaving condition is met (when the Ax is exited). The quantity hysteresis is used to allow the quantity stay in the event Ax for some time. Together with its TTTx ping-ponging is mitigated, i.e. the quantity should be stable enough to fulfil Ax event at least for the duration of TTTx. 
Now let’s discuss what “Ax AND Ay” means. It should be during one time period both Ax and Ay are fulfilled. To mitigate ping-ponging, this time period should be long enough which is the TTT applied to the “AND” case. When and how long the first event Ax has been fulfilled do not matter. The starting point of both Ax and Ay fulfilled is really the moment the second Ay fulfilled. Only one TTT is required for the joint operation to prevent ping-ponging. The starting point of the TTT timer has to be the moment both Ax and Ay fulfils. If the early event Ax was fulfilled longer than expiry of its TTTx but at the moment Ay fulfilling Ax was already exited, the UE should not consider both Ax and Ay are fulfilled since currently quantity X is already degraded and the prior Ax fulfilment can be already out of date. The option 1 in the email discussion allows the scenarios where the execution is triggered by only one quantity fulfilling its triggering condition. It raises the question in which case an exited Ax can still be consider fulfilling Ax AND Ay events – making the operation much more complicated without clear benefit. Therefore, the option 1 in the email discussion can be excluded from further discussion. 
Observation 2: “Ax AND Ay fulfilled” means during a period of time, both Ax and Ay have been fulfilled their own entering condition and none of them fulfils their leaving condition.
Observation 3: Only one TTT is needed as the time duration of the fulfilment of Ax AND Ay, which should at least last before triggering the execution.

Observation 4: The starting point of the TTT timer for the joint event is the moment entering the second event Ay while the first event Ax has been fulfilled and continued.  
In case both Ax and Ay are fulfilled with TTT timer started, before the expiry of the TTT, if anyone of the quantities fulfils its event leaving condition, the Ax AND Ay joint triggering condition is failed to meet, and the execution should not be triggered. Otherwise, the AND condition is not fully fulfilled at the time of execution, the triggering condition is relaxed for the reliability at the target and more ping-ponging may occur. 
Observation 5: In the two event joint operation, as long as one of the quantities fulfilling the leaving condition of its event before the expiry of the TTT, the execution condition is not met.

[image: image1.emf]TTTx

TTTy

TTTy

Quantity 1 (Q1)

Quantity 2 (Q2)

Q2 Fulfill entering condition

Q2 Fulfill leaving 

condition, break event Ay

Q2 Fulfills entering 

condition, TTTy is 

started.

1. Q1, Q2 have fulfilled their entering condition, 

2. At the expiry of TTTy timer, both Q1, Q2 do 

not fulfill their leaving condition, start the CHO 

execution. 

Event Ax 

threshold

Event Ay 

threshold

Q1 fulfilled its entering condition and 

maintained above the leaving condition of 

event Ax 

+Hys

-Hys

+Hys

-Hys


Figure 1 the behaviour with AND of two events jointly triggering the CHO execution.

During the email discussion, it is the common understanding that only one TTT is required for the two events AND operation. However, there is no consensus on how to determine the TTT value for the AND operation and whether we need to define a new TTT/timer specifically for the two event AND operation.

In existing specification, one measurement ID associated with the configuration for an event Ax including a TTTx optimized for the Ax. For the single event triggering and two event OR operation, a TTTx still should be configured per event Ax . Define a new TTT specifically for the AND operation will increase the complexity. In addition, the technical need for doing so and how to determine this TTT value are not clear.
Figure 1. shows an example with two quantities and two joint triggering events Ax and Ay. It can be seen that the quantity with more frequent fluctuation and more frequent event entering and leaving drives the ping-ponging behaviour of the “AND” operation. Taking an extreme case that one of the quantity X fluctuation is so slow that quantity X can stay in Ax fulfilled over extremely long time. During this long time, the ping-ponging behaviour of the AND operation is the same as that of the single quantity Ay triggering operation. This can be considered as the worst ping-ponging behaviour case since any change with the slow variable quantity X has chance to make quantity X exiting Ax during the TTTy. This will make execution triggering less often and reduce the chance of ping-ponging. 
Observation 6: The quantity/event with more frequent fluctuation drives the ping-ponging behaviour in the two event AND operation. 
Observation 7: The performance on ping-ponging should not be worse than the single quantity with its associated TTT.  
In Figure 1, we can also see that the quantity/event with high fluctuation frequency or more often entering and leaving behaviour, is more likely becoming the second fulfilled event. The reason is that the highly fluctuating quantity has higher chance exiting the event before the expiry of TTT of the stable quantity. 

Observation 8: The quantity/event with more frequent fluctuation is more likely become the second fulfilled event. 

Based on the above observations, we can conclude that the second fulfilled event with associated TTT drives the ping-ponging behaviour of the two event AND operation. The TTT configured for the second event is a good choice used for the AND operation. The other TTT options such as TTTx + TTTy, max{TTTx, TTTy} are too conservative over kill for ping-ponging mitigation with compromised HO failure performance. Specifically defined TTT for the AND operation cannot be optimum in different scenarios where different quantity/event is the driving factor. It also increases the complexity. Therefore, simply use the TTT associated with the second event is suboptimum.
The two event AND operation do increase the complexity in terms for both implementation and operation. It is in general being more conservative to trigger the execution. It maybe beneficial for mitigating ping-ponging and for improving reliability of accessing the target. But slower CHO execution may also compromise the link with the source which can also increase the CHO failure rate. Therefore, it is still not clear whether the benefit worth the efforts. 
                                                                                                                                                                         Proposal 1: The two event AND execution condition is: both the first and second events fulfil “entering condition” and none fulfils the “leaving condition” until the expiry of associated TTT. 
Proposal 2: The TTT of the second fulfilled event is used as the TTT of the joint AND operation with the TTT timer is started at the moment of entering the second event.
Proposal 3: Review the motivation of the two event AND operation.
2.2 Stage 3 text proposal
If one and more than one event operation is adopted, the following is the proposed stage 3 text for the proposed solution.
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> for each measId included in the measIdList within VarMeasConfig indicated in the triggerCondition associated to CHO-ConfigId: 

3> if the entering condition and leaving condition are applicable for this event associated with the CHO-ConfigId, i.e. the event corresponding with the cho-eventId of the corresponding cho-TriggerConfig within VarCHO-Config, and

3> if the entering condition is fulfilled and leaving condition is not fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarCHO-Config:
4> consider the event associated to that measId to be fulfilled;




3> Otherwise:

4> consider the event associated to that measId to be not fulfilled;

1> if only one execution/trigger condition for an associated measId is configured in cho-TriggerConfig, and it is fulfilled:

2> consider the target cell candidate associated to that CHO-ConfigId, as a triggered cell;

2> initiate the conditional handover execution, as specified in 5.3.5.x.5;
1> if more than one execution/trigger condition for the associated measId(s) is configured in cho-TriggerConfig, and 

2> if “OR” operation is configured, as long as one of the execution trigger condition is fulfilled:

3> consider the target cell candidate associated to that CHO-ConfigId, as a triggered cell;

3> initiate the conditional handover execution, as specified in 5.3.5.x.5;

2> if “AND” operation is configured, and if with a first entered on-going event the second event entering condition is met, and from this moment if none of the events exits during the timeToTrigger defined for the second event, consider the two event AND triggering condition is fulfilled:

3> consider the target cell candidate associated to that CHO-ConfigId, as a triggered cell;

3> initiate the conditional handover execution, as specified in 5.3.5.x.5;

3 Conclusions
Based on the discussion we have the following observations and proposals:
Observation 1: The two event “OR” operation increase the flexibility and may reduce the delay of CHO execution triggering with relatively small complexity increase.
Observation 2: “Ax AND Ay fulfilled” means during a period of time, both Ax and Ay have been fulfilled their own entering condition and none of them fulfils their leaving condition.

Observation 3: Only one TTT is needed as the time duration of the fulfilment of Ax AND Ay, which should at least last before triggering the execution.

Observation 4: The starting point of the TTT timer for the joint events is the moment entering the second event Ay while the first event Ax has been fulfilled and continued.  
Observation 5: In the two event joint operation, as long as one of the quantities fulfilling the leaving condition of its event before the expiry of the TTT, the execution condition is not met.
Observation 6: The quantity/event with more frequent fluctuation drives the ping-ponging behaviour in the two event AND operation. 

Observation 7: The performance on ping-ponging should not be worse than the single quantity with its associated TTT.  

Observation 8: The quantity/event with more frequent fluctuation is more likely become the second fulfilled event. 

Proposal 1: The two event AND execution condition is: both the first and second events fulfil “entering condition” and none fulfils the “leaving condition” until the expiry of associated TTT. 

Proposal 2: The TTT of the second fulfilled event is used as the TTT of the joint AND operation with the TTT timer is started at the moment of entering the second event.
Proposal 3: Review the motivation of the two event AND operation.
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