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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “NR mobility enhancements” to enhance the basic mobility functions available in NR Release 15[1]. The following was agreed during RAN2 #106 meeting
	Agreements
6	On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)



The following was agreed during RAN2 #07 meeting
	Agreements
7	Allow having multiple triggering conditions (using “and”) for CHO execution of a single candidate cell. Only single RS type per CHO candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultnaeously. FFS on UE capability.



In this paper, we discuss the different interpretations of configuring multiple triggering conditions and attempt to arrive at a consensus. We also discuss the benefit of introducing event A4 as part of multiple triggering condition for a candidate cell.  
2	Discussion
During RAN2 #106 meeting, it was agreed that CHO triggering conditions is based on A3/ A5 event. Further, it was agreed in RAN2#107 meeting, that multiple triggering conditions for CHO execution can be configured for a single candidate cell. The restrictions are that only a single RS type and at most two triggering quantities can be associated to a CHO candidate cell. However, RAN2 does not seem to have a common understanding on the interpretation of ‘multiple triggering conditions for CHO execution of a single candidate cell’. 
There appears to be two distinct interpretations to this among different companies. 
Interpretation 1: Network configures the same measurement event with different trigger quantities for a single candidate cell.
CHO condition is satisfied if both the conditions in below possible configurations are satisfied: 
· Configuration 1: A3 (RSRP) AND A3 (RSRQ)
· Configuration 2: A5 (RSRP) AND A5 (RSRQ)

Interpretation 2: Network can configure different measurement events with different trigger quantities for a single candidate cell.
CHO condition is satisfied if both the conditions in below possible options are satisfied: 
· Configuration 3: A3 (RSRP) AND A5 (RSRQ)
· Configuration 4: A5 (RSRP) AND A3 (RSRQ)
As such, the agreements do not place any limitation to configuring different events as part of triggering conditions. However, due to companies having 2 different interpretations to this, an editor note has been added to the running CR as ‘FFS whether A3/A5 can be configurated simultaneously for the same execution condition’. In the following sections, we take an objective look at the two interpretations. 
2. 1		Drawbacks of interpretation 1: 
According to this interpretation, the same measurement event is configured to the UE with two different triggering quantities (RSRP and RSRQ). Therefore, if A3 is the preferred configuration, then UE is configured with two A3 configurations for CHO candidate – one with trigger quantity as RSRP, and other with trigger quantity as RSRQ. Based on agreement from RAN2 #107, Triggering condition will be satisfied by the UE only when both the configured conditions are satisfied i.e. the CHO candidate should have signal strength (RSRP) at least an offset better than serving cell, and the CHO candidate should have signal quality (RSRQ) at least an offset better than serving cell. This places a very strict requirement on the CHO candidate cell and conditional handover may either get delayed or not executed at all.
RSRP and RSRQ is not necessarily proportional i.e. if RSRP is good, the RSRQ need not always be good, and vice versa. This is true in practical deployments as well, where RSRP of a serving cell may be weak but RSRQ is still in reasonably good range, or vice versa. Similar signal patterns may occur on neighbour CHO candidate cell as well. Therefore, it is possible that a scenario arise where the serving cell RSRP is weak but RSRQ is good, and CHO candidate RSRP is better than serving but RSRQ is not better than serving cell. However, the RSRQ of candidate cell may be in a reasonably good range, but not offset better than serving cell. In such cases, based on this interpretation, UE does not satisfy the execution condition and hence CHO execution is not initiated. A normal handover may instead be provided to the UE if the serving cell identifies that RSRQ on the candidate cell is at acceptable level (based on a configured measurement report), or may lead to radio link failure.
Observation 1: If the same measurement event with different trigger quantity is configured to UE, it imposes a limitation on the triggering condition for a single CHO candidate, and may result in lower CHO execution rate.  
2.2 		Benefits of interpretation 2: 
It is agreed in RAN2# 106 that CHO triggering condition is based on A3 or A5 events. Further, in RAN2 #107, it is agreed that a candidate cell can be configured with multiple triggering conditions. The agreement does not place a restriction that different events cannot be configured as part of the triggering condition. Therefore, it is presumed that the multiple triggering condition may either be based on A3 alone, or A5 alone, or even a combination of A3 and A5. 
Observation 2: RAN2 agreements do not place a limitaiton that different events cannot be configured as part of multiple trigger conditions for CHO execution of a single candidate cell. 
As already discussed in earlier sections, having the same event configured with different trigger quantities impose a limitation on the triggering condition, and not very useful in practical deployments. When the triggering condition is configured as a combination of A3 and A5 events, then as an example, A3 can be configured with trigger quantity as RSRP, and A5 can be configured with trigger quantity as RSRQ. For event A5, a5-Threshold1 and a5-Threshold2 values can be configured such that the condition is satisfied even when RSRQ of CHO candidate is not better than RSRQ of serving cell. CHO condition is considered to be met, if both A3 and A5 conditions are satisfied. Configuring a combination of A3 and A5 based on different triggering quantities for CHO evaluation, appear to the be most useful and realistic way to improve mobility robustness using CHO. 
In conventional handover, the network may provide measurement configuration for multiple events in order to evaluate the neighbour cell appropriately. The most common configurations include event A4 in addition to the A3/A5 primarily used for handover evaluation. This way, the source RAN node ensures that the target cell is better than serving cell in RSRP (if RSRP is trigger quantity for HO evaluation event, say A3/A5), and target cell RSRQ is within acceptable limit (sufficient to sustain radio connection and provide better QoS to the UE than the current serving cell). CHO triggering condition based on combination of different events, provide an option of triggering CHO in a manner similar to that of a normal handover. Moreover, this type of triggering condition can ensure a better CHO execution rate and more robust handover than a conventional handover. 
Observation 3: If different measurement event (with different trigger quantity) is configured to UE, it the CHO execution rate will be high.  
Based on the above analysis, it appears that a combination of different measurement events (with different trigger quantity) should be allowed to be configured as part of multiple trigger conditions associated to a candidate cell i.e. Interpretation 2 is allowed to be configured.
Proposal 1A: Combination of different measurement events, configured with different trigger quantities, is allowed to be part of CHO triggering condition for a single CHO candidate. 
Proposal 1B: If proposal 1A is agreed, then the following configurations are possible, say configuration set1:
· Configuration 1: A3 (RSRP) AND A3 (RSRQ)
· Configuration 2: A5 (RSRP) AND A5 (RSRQ)
· Configuration 3: A3 (RSRP) AND A5 (RSRQ)
· Configuration 4: A5 (RSRP) AND A3 (RSRQ)

2.3 		A4 as part of multiple triggering condition for a candidate cell
At RAN2 #106, it was agreed that trigger condition is based on A3/A5 events and other conditions/ events may be introduced with appropriate justifications. In later meetings, it has been agreed that multiple trigger conditions can be configured for a CHO candidate cell. Considering this. we think the topic deserves some proper discussion at this stage.
As illustrated in earlier sections, a combination of different events is more suitable to trigger CHO to a candidate cell. For example, this may be based on A3 configured with RSRP and A5 configured with RSRQ. For event A5, a5-Threshold1 and a5-Threshold2 values can be configured such that the entry condition is satisfied if neighbour is better than a threshold (by maintaining a5-Threshold1 to an appropriate value, say -70 dBm). This objective is more easily achieved by configuring A4 instead of A5 and is simpler. Moreover, in conventional handover, the serving cell normally configures A3/A5 for evaluating the neighbour cell based on a trigger conditions (say RSRP). Additionally, the network may configure event A4 to ensure that the target cell RSRQ is better than a threshold value. 
Proposal 2A: Event A4 can be configured as one of the events in multiple trigger conditions for CHO execution. 
Proposal 2B: If proposal 2A is agreed, then the following configurations are possible in addition to configuration set1, say configuration set2:
· Configuration 5:A3 (RSRP) AND A4 (RSRQ)
· Configuration 6:A3 (RSRQ) AND A4 (RSRP)
· Configuration 7:A5 (RSRP) AND A4 (RSRQ)
· Configuration 8:A5 (RSRQ) AND A4 (RSRP)

If A4 is agreed and allowed to be part of multiple triggering conditions for CHO execution to a candidate cell, then using A4 as the secondary condition is more useful than having combination of A3 and A5 as the triggering condition. Therefore, only the configuration set2 is sufficient to decide if CHO execution to a configured candidate can be initiated.
Observation 4: It is beneficial to always have event A4 as one of the conditions when multiple triggering conditions are configured for a CHO candidate.
Proposal 2C: Event A4 is always used as one of the conditions when multiple triggering conditions are configured for a CHO candidate, i.e. Only configuration set2 is sufficient
Proposal 3: RAN2 to discuss which of the following configuration sets are allowed when multiple triggering conditions are configured for a CHO candidate:
· Option 1: Only configuration set2
· Option 2: Both configuration set1 and configuration set2

2.4 		Optional Capability based support for multiple trigger conditions
It has already been agreed that multiple trigger conditions for CHO execution can be configured only with single RS type and at most two trigger quantities. All trigger quantities (RSRP, RSRQ, SINR) for a cell can be derived from a single measurement. Therefore, Measuring any frequency layer or a cell for multiple trigger conditions does not impose any additional requirement or overhead or complexity on the UE. As a result, we don’t see a need to introduce a specific capability to indicate support of multiple trigger condition based CHO execution. In other words, a UE supporting CHO will also support CHO triggering based on multiple triggering conditions. 
Use of multiple triggering conditions is required in order to make the conditional handover decision more robust. Based on network deployment and number of connected UEs, the CHO decision can be made either using single trigger condition or using multiple trigger conditions. The decision to configure multiple triggering conditions for CHO execution to a candidate cell can therefore be taken by the network. 
Proposal 4: Separate capability is not needed to support multiple trigger condition.  Configuration of multiple trigger conditions is left to network. 
3	Conclusion
The contribution discusses the correct interpretation of having multiple triggering conditions for CHO execution to a candidate cell. The contribution further analysed the need to introduce A4 event as one of the events in multiple triggering conditions. 
The following observations are made:
Observation 1: If the same measurement event with different trigger quantity is configured to UE, it imposes a limitation on the triggering condition for a single CHO candidate, and may result in lower CHO execution rate.  
Observation 2: RAN2 agreements do not place a limitaiton that different events cannot be configured as part of multiple trigger conditions for CHO execution of a single candidate cell. 
Observation 3: If different measurement event (with different trigger quantity) is configured to UE, it the CHO execution rate will be high.  
Observation 4: It is beneficial to always have event A4 as one of the conditions when multiple triggering conditions are configured for a CHO candidate.


The following proposals are made:
Proposal 1A: Combination of different measurement events, configured with different trigger quantities, is allowed to be part of CHO triggering condition for a single CHO candidate. 
Proposal 1B: If proposal 1A is agreed, then the following configurations are possible, say configuration set1:
· Configuration 1: A3 (RSRP) AND A3 (RSRQ)
· Configuration 2: A5 (RSRP) AND A5 (RSRQ)
· Configuration 3: A3 (RSRP) AND A5 (RSRQ)
· Configuration 4: A5 (RSRP) AND A3 (RSRQ)
Proposal 2A: Event A4 can be configured as one of the events in multiple trigger conditions for CHO execution. 
Proposal 2B: If proposal 2A is agreed, then the following configurations are possible in addition to configuration set1, say configuration set2:
· Configuration 5:A3 (RSRP) AND A4 (RSRQ)
· Configuration 6:A3 (RSRQ) AND A4 (RSRP)
· Configuration 7:A5 (RSRP) AND A4 (RSRQ)
· Configuration 8:A5 (RSRQ) AND A4 (RSRP)
Proposal 2C: Event A4 is always used as one of the conditions when multiple triggering conditions are configured for a CHO candidate, i.e. Only configuration set2 is sufficient
Proposal 3: RAN2 to discuss which of the following configuration sets are allowed when multiple triggering conditions are configured for a CHO candidate:
· Option 1: Only configuration set2
· Option 2: Both configuration set1 and configuration set2
Proposal 4: Separate capability is not needed to support multiple trigger condition.  Configuration of multiple trigger conditions is left to network. 
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