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1.
Introduction 
This document tries to resolve some basic issues in measurement for carrier aggregation. 
· Q1. What value should be considered as serving cell quality?
· Q2. What comparisons should UE make if event involving serving cell quality is associated with measurement frequency that is not part of configured CCs

· What kind of comparison for event evaluation is need or not needed?

· Any urgent need of new event to better support carrier aggregation?
2.
Discussion
2.1
What should be measured when it comes to serving cell quality concerned
Simultaneous use of several carrier frequencies in carrier aggregation requires UE to perform tight quality monitoring over configured CC and non-CCs as well. The result of quality monitoring should be known to network in a right time to facilitate CC management of network. As such, UE should be able to be configured with CCs with relatively good quality as much as possible. If certain CC experiences degradation in its quality, UE configured with the CC in its CC list should be able to use another CC that must provide better quality. How good the performance of carrier aggregation is quite depending on measurement mechanism at UE

Currently we already have a measurement mechanism which is well defined and quite suitable for several purposes, e.g., mobility and SON, etc. It would be very desirable to reuse existing mechanism as much as possible for the domain where carrier aggregation is employed. However, some questions arise in trying to apply existing mechanism to the field of carrier aggregation. 
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Figure 1. Example of frequency configuration

Figure 1 shows an example of frequency configuration, and is hereafter also used to illustrate other issue. It is assumed that for every frequency measurement object is configured. Frequency A and B are configured as CCs for carrier aggregation. Cell A1 on frequency A is serving as CC1, and cell B1 on frequency B is serving as CC2. 

Q1. What value should be considered as serving cell quality?
When UE performs measurement of serving cell in the context of carrier aggregation, there might be some ambiguity on which cell should be actually measured, since there are several frequencies on which several cells are actually ‘serving’ the UE. 

The measured result of the ‘serving cell’ is then used for evaluation of several events wherein ‘serving cell’ quality is compared with predefined threshold or other measurement results. 

So, when it comes to measurement of ‘serving cell’, it should be should be resolved which cell(s) should be considered to generate the quality of ‘serving cell’? For this question, we can take following approaches:
· Approach 1a. Quality of a cell on a single frequency is taken as a serving cell quality
· Approach 1b. Combined quality of several cells on several frequencies is taken as a serving cell quality
To decide which approach is more suitable, existing events are first listed:
[A1] Serving becomes better than threshold
[A2] Serving becomes worse than threshold
[A3] Neighbor becomes offset better than serving 

[A4] Neighbor becomes better than threshold

[A5] Serving becomes worse than threshold1 and neighbor becomes better than threshold2
Currently event A1, A2, A3 and A5 involve the quality of serving cell. Assuming that existing events are used as much as possible, how the event can be used for CC management is first investigated. 

Regarding CC removal, UE should be able to report degraded or failed CC. Event A2 seems to fit well to this. It should be noted that, if we make existing A2 be able to be used for CC removal, approach 1a should be adopted such that UE can pick out the problematic CC. Otherwise, i.e., if approach 1b is taken, UE cannot differentiate which CC is in problem. 
Regarding CC replacement, UE should be able to report if better frequency than configured CCs is identified. Event A3 and A5 fit well to this. To make existing A3 and A5 be able to used for CC replacement, approach 1a should be taken to enable UE to pick which CC should be substituted by better CC. 
Regarding CC addition, UE should be able to report the quality of cells including best cell within each measurement frequency. Before certain frequency is added into CC list at UE, the measurement of the frequency is considered as inter-frequency measurement where every measurement is neighbor cell measurement. Then, there is no issue related to ambiguity on quality of ‘serving cell’
It has been shown that, regarding the issue of ‘serving cell’ quality, approach1 makes it possible to gracefully reuse existing events for CC management purpose. So we propose that ‘serving cell’ quality in the context of measurement should mean the quality of a single cell on a single frequency rather than combined measurement result over several frequencies.

We believe that this proposal should hold true, regardless of how discussion on terminology ‘serving cell’ is concluded and whether serving cell actually means a single or multiple cells in the context of carrier aggregation. The serving cell in measurement is nothing but a reference cell for event evaluation to decide whether to send measurement report.  
Proposal 1: When it comes to the quality of ‘serving cell’ in measurement, it should mean the quality of a single cell on a certain carrier frequency, regardless of whether CA is configured or not.
Q2. What comparisons should UE make if event involving serving cell quality is associated with measurement frequency that is not part of configured CCs

It should be also decided what comparisons UE should make if event involving serving cell quality is associated with measurement frequency that is not part of configured CCs. Following two approaches can be considered:

· Approach 2a. Every set of comparison between associated frequency and configured frequencies. In Figure 1, for example, if event A3 is associated with frequency D, two set of comparisons ( 1> between Cx and A1 and 2> between Cx and B1 ) are made. 

· Approach 2b.  Single set of comparison between associated frequency and designated frequency of configured CCs. In Figure 1, for example, if event A3 is associated with frequency D, single set of comparisons between Cx and A1 is made, if A1 is configured as such. 

Approach 2a requires UE to perform more comparisons than Approach 2b does, since multiple serving cells are assumed in approach 2a. On the other hand, Approach 2b requires designation of a certain CC that should be considered as serving CC for measurement evaluation. 

If we want to make it possible to better support CC replacement, approach 2a should be taken, since approach 2a provides more complete picture on relative quality comparison among configured CCs and non-configured frequencies. 

So we propose that, if the event involving ‘serving cell’ qualities is associated with the measurement frequency that is not part of configured CCs, UE shall consider all configured CCs for serving cells:
Proposal 2: In case the event involving ‘serving cell’ qualities is associated with the measurement frequency that is not part of configured CCs, UE shall consider all configured CCs for serving cells. 
2.2
Issues with reusing existing events for CC management
In this section, we investigate the aspect of cell quality comparison between serving and neighbor to conclude which kind of comparison should be made, and which kind of comparison is not needed. 

Regarding comparison between serving and neighbor in the same frequency, such comparison should be able to be possible for every frequency to find out the best cell. Comparison between Ax;s is such case in Figure 2. This kind of comparison is referred to as Type 0 comparison.
Regarding comparison between serving and neighbor on different frequency, two distinctive cases are identified as follows:
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Figure 2. comparison between serving and neighbor on different frequency

1) Type 1 comparison
Comparison between B1 and Dx falls in this type. Since it is apparent that comparison of type 1 has been already made by LTE Rel-8 UE, this kind of comparison should be of course supported by UE employing carrier aggregation. No issue. 
2) Type 2 comparison
Comparison between A1 and Bx falls in this type. It is checked if type 2 comparison is useful for any CC management or mobility:
A. It should be noted that in a typical case A1 must be taken as CC1 cell because of its best quality. Likewise, B1 must be taken as CC2 cell because of its best quality. Since the quality ranking for A1 and B2 selection within each concerned CC is based on Type 0 comparison. 
B. Regarding CC addition/removal, this kind of comparison is not useful at all. 
C. Regarding CC replacement, type 1 comparison would be applied. Type 2 comparison is not serving for this purpose, since comparison is done across already configured CCs.  

D. It is expected that Mobility across configured CCs would not be typical. If such mobility is done for some reasons, e.g., from frequency A to B, it would be sufficient to select B1 as a target. Then no type 2 comparison is required. 
From the above analysis, we conclude that type 2 comparison is not useful at all for CC management and mobility purpose. So we propose: 

Proposal 3: the quality comparison between cells across configured CCs is not needed during event evaluation for CC management or mobility purpose.
2.3
Need of new event

To facilitate CC management, UE needs to keep monitoring the quality of configured CCs. If quality degradation is identified, it should be quickly informed to network. Existing event such as A2 can work well for this purpose. 
In some cases UE may identify failure of a certain downlink CC based on e.g., consecutive L1 failure indications. In this case it would be highly beneficial if UE can explicitly inform network of this failure situation on the CC, such that NW can treat best remedy. To enable such reporting of CC failure, new event may need to be defined. So we propose
Proposal 4: RAN2 discuss whether CC failure is informed to NW to facilitate CC management, 
2.4
Other issues

Better performance in carrier aggregation would require strict CC management, and in turn strict CC management would result in UE performing more measurements and more evaluations, and more reporting. This would impact UE battery consumption and the utilization of radio resource in a negative manner. If basic issues that are on-going are settled down, we should also take those into account for further discussion. 
3.
Conclusion
Proposal 1: When it comes to the quality of ‘serving cell’ in measurement, it should mean the quality of a single cell on a certain carrier frequency, regardless of whether CA is configured or not.
Proposal 2: In case the event involving ‘serving cell’ qualities is associated with the measurement frequency that is not part of configured CCs, UE shall consider all configured CCs for serving cells. 
Proposal 3: the quality comparison between cells across configured CCs is not needed during event evaluation for CC management or mobility purpose.

Proposal 4: RAN2 discuss whether CC failure is informed to NW to facilitate CC management, 
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