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Discussion
1 Introduction 

CC addition is very basic functionality that should be supported by CC management procedure. Similar functionality with CC addition, e.g., CC replacement, may be useful for CC management in order to provide UE with best set of CCs. This paper investigates whether existing events are suitable for CC addition, and what difficult in using such events could arise. Then we also try to design more suitable events for these CC management functionalities. 
2 Discussion 
2.1 General 

To work with carrier aggregation, eNB has to configure proper set of CCs to concerned UE and keep managing the CC set to provide the UE with the best set of CC as much as possible. Such CC configuration would be based on measurement report sent by the UE. What/when are reported are wholly determined by which event is used for such reporting. Currently we have following events available for LTE measurement. 
· Event A1 (Serving becomes better than threshold)
· Event A2 (Serving becomes worse than threshold)
· Event A3 (Neighbour becomes offset better than serving)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2)
2.2 Requirements 
CC management includes several aspects, e.g., CC addition, CC removal, possibly CC replacement and so on [1]. The very basic and most important functionality is CC addition. To investigate whether existing events are quite useful and suitable for CC addition and other CC management functionality, following requirements have to be considered for usefulness/suitability check:

· UE should be able to provide necessary information on quality of frequencies such that eNB can select best set of CCs (to be added, removed or to be replaced) for the UE. This is related to what UE measures and what UE reports to eNB. 
· UE should be able to provide such necessary information at right time. Triggering condition (e.g., event) of measurement report is related with this. 
· Number of measurement needs to be kept low. Redundant measurement reports should be prevented. Triggering condition (e.g., event) of measurement report is again related with this

Based on these requirements, we’ll take a look at if existing events are quite suitable in the following section. 
2.3 Suitability of existing event for CC management
2.3.1  CC addition
Assume that there is a UE is now configured with only single DL and UL carrier (CA is not configured). For this UE, all possible CCs for CA should be considered as inter-frequencies. Then eNB just decides to make use of CA for the UE and wants to add proper CC set to the UE. The selection of proper CC would be based on measurement report sent by the UE. 
When eNB considers measurement configuration of the UE for CC addition, event A1, A3 andA4 can be considered. Whether each event is quite suitable for CC addition is seen and how well each event can meet requirements:
Event A1
· The use of event A1 is not suitable for CC addition since event A1 can only consider serving frequency (intra-frequency) but possible CCs are all inter-frequencies.
Event A3
· This can work for CC addition. However, following should be noted:
· Minus (-) offset should be used such that UE can report candidate CC whose quality is slightly lower than serving cell. If the offset is set to be too low value, too many reports can be triggered. If the offset is set to be the value that is not sufficiently low, even proper candidate CC may not meet the triggering condition, and no report is triggered. 
· It should be note that even though the offset value can be set to be proper value, the serving cell quality also affects whether report is triggered or not. The varying nature of serving cell quality used in A3 evaluation would challenge eNB to select proper offset value. 

· Each candidate CC would generate separate measurement reports. This would increase number of reports when CC addition is needed.    
Event A4

· This can work for CC addition. However , following should be noted:

· What can happen is very depending on the threshold value. If the threshold is set to be too low value, too many reports can be triggered. If the threshold is set to be the value that is not sufficiently low, even proper candidate CC may not meet the triggering condition, and no report is triggered.
· Each candidate CC would generate separate measurement reports. This would increase number of reports when CC addition is needed.    

Conclusions on suitability of existing events to CC addition:
· Offset/threshold value should be very carefully selected such that excessive measurement reports are not generated, measurement reports are not quite delayed and no reporting of proper CC candidates is prevented. 
· The varying nature of serving cell quality complicates the selection of appropriate offset for A3.

· Each candidate CC would generate separate measurement reports, resulting in increased number of reports when CC addition is needed. 
Based on conclusions above, we could decide to go with using existing events for CC addition even though there might not be sound problems as suggested above. On the other hands, if we cannot bear a delayed (even no) reporting of candidate CCs in measurement report for CC addition, we need to design a new event that is more suitable to CC addition. 
The desired attribute of such new event should be 1) the difficulty in selecting offset/threshold should be relaxed, and 2) increased number of reports due to separate measurement report per CC needs to be pressed down. As a new possible event satisfying these two attributes, following can be considered:
Event for (initial) CC addition: UE reports best M frequencies (as candidate CCs). 

· There is no difficult in selecting offset/threshold, since there is no such evaluation required in this new event

· Only single measurement report is generated, and this report is sufficient for eNB to select proper set of CCs. 

· Even though this is said to be new ‘event’ here, this can be either event-triggered reporting or periodical reporting. The new event can be easily incorporated into existing mechanism model. 

Proposal 1 For the usage of initial CC addition, event CA1 is introduced:
	Event CA1: Best M frequencies (as candidate CCs) are chosen


2.3.2  CC replacement
CC replacement is basically combination of CC addition and CC removal which both are implemented in a single message. Naturally event to be useful for CC replacement would take similar form of event to be useful for CC addition, 
Hence, along with proposal1, we can consider a slight variation of event CA1 where UE reports best M frequencies if best M frequencies become different from what are already reported before. UE also reports if the order of quality among frequencies becomes different while the set of best M frequencies is the same as before. Then eNB becomes to know what the best set of CCs is for the UE. 

We believe that the use of event CA2 would greatly reduce the number of measurement reports generated during being in use of CA and would also relieve network burden in selection of offset/threshold which was unavoidable with using existing events.  

Proposal 2 For the usage of managing best set of CCs, event CA2 is introduced:
	Event CA2: Best (ordered) M frequencies (as candidate CCs) become different from previously reported best (ordered) M frequencies


Figure 1 shows how these two proposals can be used for CC addition and CC management in the form of expected message sequence between UE and eNB. In the Figure 1, it is noted that event CA2 can be highly useful for CC replacement.  
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Figure1. Sequence of usage of event CA1 and CA2
3 Conclusion
Regarding CC addition and related functionality of CC management, e.g., CC replacement, it is shown what the difficulty/disadvantage of using existing events is. To overcome such disadvantage two new events are proposed. RAN 2 is asked to discuss if it is beneficial to introduce these two events, compared to using only existing events. 
Proposal 3 For the usage of initial CC addition, event CA1 is introduced:
	Event CA1: Best M frequencies (as candidate CCs) are chosen


Proposal 4 For the usage of managing best set of CCs, event CA2 is introduced:
	Event CA1: Best M frequencies (as candidate CCs) become different from previously reported best M frequencies
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