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1 Introduction 

In this document, we analyse various usage of measurement events for two main: 1) CC management, and 2) mobility assistance. For each main usage, detailed sub use-cases are analysed to conclude on whether we need to extend (or generalize) existing events or existing events can work well for each detailed use case. This paper also aims at RAN2 to have aligned view on using events for each use case.
2 Discussion 
2.1  
CC management
2.1.1  
PCC management

It would be good if PCC can be managed to be the best CC as much as possible, because the use of DL PCC is expected to be more frequent than other DL SCCs.
· Solution1
 Introduce A3-PCC for direct comparisons between PCC and SCCs. 
· Solution2
 Additionally include quality of configured CC in other measurement reports. (i.e., Set of quality of CCs is piggy-backed in other MRs)
Regarding these solutions, we consider what are implied in each solution:
· In solution1) 
· Among A3 variants, A3-PCC is best fit to this purpose.
· A3-PCC should be configured on ‘every’ CC frequencies and CC candidate frequencies to detect better CC or CC candidate to replace current PCC. 
· In solution2) 
· eNB decides if PCC change is needed from the received quality of CCs included in some other measurement reports. 
· If any measurement report is triggered while PCC is going degraded, then RLF may occur
In some situations, eNB may want to allocate non-best DL CC to the DL PCC for the reason of DL CC load distribution, etc. In this case, A3-PCC may generate unnecessary measurement reports. Since eNB would not welcome these unnecessary reports, it might disable A3-PCC event. That is, A3-PCC may not be always necessary. 
From UE perspective, the most meaningful benefit would come when CC set of the UE comprises the best CCs. As long as PCC quality is sufficiently reasonable, then non-best PCC allocation should not give rise to any problems. What matters should be the issue of management of ‘best CC set’, rather than ‘best PCC management’ so as to guarantee a good performance to UE. 
Proposal 1 A3-variant (including A3-PCC) is not essential for PCC management 

2.1.2  
CC addition
When CC addition is needed, UE should be able to report best CC candidates. For initial CC set construction, it would be sufficient for UE to report CC candidates whose quality is beyond threshold. A4 is suitable for this. 
· Solution1
Existing event A4 is configured on every non-configured CC frequencies. 
Some may think that event A3 variant can work for this purpose. However, event A3 variant can only consider relative quality of neighbour cell compared to the one of configured CC. Indication of CC candidate quality based on relative quality comparison is not quite suitable for initial CC addition and subsequent C addition case as well.  
One concern on the solution1 would be that independent configuration on each non-configured CC frequency would generates separate measurement reports on each frequency. 
The other concern would be that once one CC candidates becomes an actual CC by CC addition command, the measurement with A4 evaluation on this frequency needs to be disabled by eNB. Otherwise UE would still waste time and energy by unnecessary measurements and reporting 

To relieve such concerns, we could consider

· Solution2
Solution1+ measurement results of several frequencies are aggregated in a single measurement report
There is another concern that when A4 is used for CC addition, the measurement and evaluation of non-CC candidate cell is just a waste because they cannot be a CC by any means. Existing A4 cannot prevent this waste. To relieve listed concerns, we could consider

· Solution3
solution2  +  Restricting measurement on CC candidates only with this A4
If we are open to allow for somewhat new event, we can simply let UE report best M CCs [2]
· Solution4
UE reports best M CCs in a single measurement report 
Proposal 2 RAN2 is asked to choose one of suggested solutions above for CC addition.
2.1.3 
CC removal due to quality degradation
When CC quality is no longer sufficient at coverage edge or hole of the CC, it would be good to remove the CC such that UE does not suffer from higher error rate of the transmission over the degraded CC. For this use case, it is sufficient to have: 

· Solution
existing event A2 is configured on every configured CC frequencies
That is, existing A2 is essential and also sufficient for CC removal due to quality degradation. No new event is needed. 

Proposal 3 No new event or extension of existing events is needed for CC removal 

2.1.4 
CC removal due to interference management

Another reason of CC removal would be that that eNB may want to remove a certain CC if the CC interferes with other neighbour cell on the same frequency. In this case it is sufficient to have

· Solution
existing A3 is configured on the concerned frequency. 
That is, existing A3 is essential and also sufficient for CC removal due to interference management. No new event is needed. 
Based on analysis of the usage of two CC removal usages in section 2.2.1.3 and 2.2.1.4, we conclude as follows:
Proposal 4 No new event is essential for CC removal use-case 

2.1.5  
CC replacement by non-configured CC(=new CC on different frequency)
Form UE performance point of view, once CC set is constructed at UE, it would be good to manage this CC set as good as possible. The best way of managing CC set would be that the better CC candidate, if exists, can be identified by UE, and it should be able to replace the one of configured CC that is worse than the identified CC candidate. This is referred to as CC replacement. 
Depending on whether such new better CC candidate is identified on the same or different frequency, two CC replacement mechanisms can be considered. In this section, CC replacement by CC candidate on different frequency is considered.

It should be noted that CC replacement by CC candidate on different frequency cannot be done by existing (pure) A3, because this pure A3 cannot determine which (serving) cell should be considered as measurement reference in A3 evaluation. 
Some may argue that since CC replacement itself is a joint CC removal and CC addition, it could be sufficient to rely on event for CC addition (e.g., A4 or something else) and event for CC removal (A2) at the same time. However, this approach may not good to provide UE with best CC set as much as possible. To illustrate this, let us show Figure1. In this figure, we assume that UE can be configured up to 3 CCs for the simplicity reason.
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Figure 1a. Use of event for CC addition

Figure1b. Use of event for CC replacement 

Figure 1. Exemplary track of quality of CCs

As shown in this Figure1a, when UE has moved from point P1 to P2, its CC set is still {CC_A, CC_B, CC_C} even though the best CC set is {CC_A, CC_B, CC_D}. 
So, to make it possible for UE have best CC set, we should focus on CC replacement specific event. A3-worst was suggested exactly for this purpose, and it would enable earlier identification of better CC candidate by comparing the worst CC with the identified CC candidate. If we use A3-wost, then CC replacement of worst CC by better new CC can be achieved as illustrated in Figure 1b. 
· Solution1
A3-worst is configured on every CC candidate frequencies. 

Here is the same concern that was raised at CC addition section: the measurement and evaluation of non-CC candidate cell is just a waste because they cannot be a CC by any means. To prevent this waste, we could consider

· Solution2
solution1  +  Restricting measurement on CC candidates only 
It should be noted that, if CC replacement is also aimed for interference management, then restricting measurement on CC candidates should not be applied. 
We can consider other A3-variants for CC replacement. A3-best is not quite suitable. As long as the best CC in CC set is better than the CC candidate, A3-best would not trigger measurement report even when a CC candidate is already (offset) better than the worst CC or other CCs. 

A3-PCC may not guarantee timely triggering measurement report either if PCC is tightly managed as best CC. Again best CC set management would require comparison between the worst CC and the CC candidates.

A3-config may suffer from the problem of A3-PCC or A3-best as eNB cannot always configure the worst CC as A3-config evaluation reference. 

Based on these observations, we first conclude that A3-worst should be prioritized over other A3-variants. 
If we are again open to somewhat new event, we can consider such an event that UE reports best M CCs if best M CCs changes [2]. Having received this best M CC report, eNB would simply determine which CC needs to be replaced by which new CC. 

· Solution3
UE reports best M CCs if best M CCs changes
Proposal 5 RAN2 is asked to choose one of suggested solutions above for CC replacement by non-configured CC.

2.1.6  
CC replacement by other CC on the same frequency
If CC replacement concerns the CC candidate on the same frequency, then existing A3 can work well for this. Here the concerns on useless measurement and reporting can be also relieved by restricting measurement on CC candidates only.  
· Solution1
Existing A3 is configured on the concerned CC frequency 
· Solution2
solution1  +  Restricting measurement on CC candidates only 
It should be noted that, if CC replacement is aimed for interference management, then restricting measurement on CC candidates should not be applied. 
Proposal 6 RAN2 is asked to choose one of suggested solutions above for CC replacement by other CC on the same frequency.

2.2  
Mobility management
2.2.1 Inter-frequency measurement configuration activation/deactivation
In Rel-8, if serving cell can provide sufficiently good quality to UE, eNB can decide to alleviate inter-frequency measurement of the UE by releasing corresponding measurement ids. This would just (at worst) slightly increase the occurrence of re-establishment due to RLF or HO failure. So in case eNB can ensure reasonable mobility performance within intra-frequency, it would deactivate inter-frequency measurement for the UE. There is no other important reason to perform inter-frequency measurement than inter-frequency mobility assistance.  
If UE can enjoy carrier aggregation, however, it has another to take other reason of inter-frequency measurement than mobility assistance. So if UE is configured with multiple carriers for CA, then it would be better to let UE monitor its quality of CCs and report when necessary for better CA.
When UE power consumption is much concerned, then eNB can still use s-measure which can allow UE to skip inter-frequency measurement. The use of s-measure in CA is more investigated in [3]
If network still wants this kind of activation/deactivation, existing A1 or A2 event can work well for this purpose. It would be sufficient for eNB to configure A1 and A2 on one or multiple configured CCs as activation/deactivation leverage. 

Among A1 variants, e.g., A1-best is a too late trigger, and A1-worst is a too early trigger for deactivation. As long as PCC has to be configured by eNB not by UE itself, A1-PCC is not needed at all. Same argument can hold for A2 variants. 
From this perspective, we do not see the essential need of a new event which is specific for this usage. 
Proposal 7 No new event or variation of existing events is needed for Inter-frequency measurement configuration activation/deactivation
2.2.2 Measurement report trigger for HO command to a cell on the different frequency from CC frequency
Most of discussion for CC replacement can be applied here except that, for HO, non-CC candidate cells are considered in event evaluation. 

Current A3 (or A5) cannot determine which cell (serving cell among CCs) should be considered as evaluation reference. So generalization of A3 (or A5) into CA context cannot be avoided. 

The selection of CC as evaluation reference in A3 (or A5) would be the selection of mobility anchor frequency. Some may easily think that PCC would be mobility anchor, just because it is “PCC”. From our point of view, if PCC is managed to be reasonably good CC, there is no real difference in mobility performance between PCC as mobility anchor and the best CC as mobility anchor. 
The A3-worst may trigger a bit late trigger for this usage. However, as long as the worst CC stays in CC set, it could be considered to have reasonable quality. That is, the lateness with A3-worst is not really an issue. In spite of this, A3-worst should be anyway de-prioritized over other A3-variant for this usage.    
· Solution1
one of A3-variant is essential for this usage. A3-PCC and A3-best are preferred. 
Proposal 8 One of A3 variants is introduced for ‘measurement report trigger for HO command to a cell on the different frequency from CC frequency’. 
2.2.2.1 Measurement report trigger for HO command to a cell on the same frequency as CC frequency

If eNB concerns a neighbour cell as possible HO target on the same frequency as CC frequency, then existing A3 can work well for this. eNB should first decide which frequency should be used as mobility anchor frequency. Then it would configure A3 on the concerned frequency.  
· Solution
Existing A3 is configured on the concerned CC frequency (=mobility anchor frequency, mostly PCC) 
So no new event or variation of existing events is needed for this usage. Even A3-PCC is not needed at all.  

Proposal 9 No new event or variation of existing events is needed for ‘measurement report trigger for HO command to a cell on the same frequency as CC frequency’
3 Conclusion
In this paper, we have investigated usage of measurement to conclude on which event should be sufficient and which event needs to be enhanced. For each use-case, our proposals were suggested. 
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