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1. Introduction
In previous RAN2 meetings, the measurement in CA were discussed in some documents, such as the definition of intra-freq/inter-freq measurement [1], the measurement configuration of multiple carriers [2][3], measurement gap[4], and so on. However, there were still no explicit conclusions. To make some progress on this, it is important to clarify the requirements of measurement in CA at first. This document provides the possible measurement scenarios in CA, points out the potential problems, and proposes some solutions for them.
2. Discussion 
2.1. Requirements of Measurement in CA
For LTE-A UE which is capable of carrier aggregation, it can transmit and receive data on multiple carriers simultaneously. When the UE uses CA transmission, it needs to evaluate two types of carriers’ channel qualities:
Type 1 Component Carrier (Type 1 CC): 
The component carriers within a CA_capable CC set
Type 2 Component Carrier (Type 2 CC): 
The other component carriers (cells) which are not Type 1 CC
Type 1 CC includes the carriers which are already aggregated in CA transmission and the carriers which are capable to be aggregated but not in CA transmission at the evaluation time. Note that Type 1 CC includes the extension carrier if exists. The purpose of channel quality evaluation of Type 1 CC is to assist network to perform CC management for CA transmission. The CC management includes:
1) CC addition/removal;

2) CC activation/deactivation;

3) special cell changing.

Considering CC management and DRX, there are several possible scenarios for Type 1 CC:

1) The CC to be aggregated in CA transmission;

2) The CC being aggregated but not activated;

3) The CC being aggregated and activated, with DRX;

4) The CC being aggregated and activated, without DRX;

In LTE REL-8, the minimum requirement of measurement on the carrier is to receive data always (no DRX) or in period (configure DRX), and there is minimum requirement defined in 36.133. Thus, the measurement requirement of 1), 3) and 4) can re-use LTE REL-8’s to some extend. But the measurement requirement of 2) should be considered.

Type 2 CC includes the carriers which can not be aggregated in current CA transmission of the UE, and they can also be considered as neighbour cells. The purpose of channel quality evaluation of Type 2 CC is to assist network control mobility (e.g. handover).

For example, as shown in Figure 1, eNB1 has three cells that can be aggregated: cell 1 is on frequency f1, cell 2 is on frequency f2, and cell 3 is on frequency f3. eNB2 has two cells that can be aggregated: cell 4 on frequency f2, and cell 5 on frequency f3. Cells belong to different eNBs can not be aggregated. For the UE which is in CA transmission with cell 1 and cell 2, cell 1, cell2 and cell 3 are Type 1 CC, cell 4 and cell 5 are Type 2 CC.
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Figure 1 Type 1 and Type 2 CC for UE in CA

If the channel quality of cell 2 is not good enough to support CA, meanwhile, the channel quality of cell 3 can fulfill the criteria of CA, eNB1 can decide to deactivate cell 2 and activate cell 3 in CA transmission for the UE. Then UE can continue CA transmission on cell 1 and cell3.
No matter how many serving cell(s) a UE has in CA transmission, to optimize the performance of CA, the channel quality evaluation of Type 1 CC should be considered. As the purposes of channel quality evaluation for Type 1 and Type 2 CC are different, even the evaluation of Type 2 CC can re-use the mobility measurement principle of LTE, the evaluation mechanism of Type 1 should be re-considered in LTE-A. 

Proposal 1: The channel quality evaluation mechanism for the purpose of CC management should be considered in LTE-A.
To evaluate the channel quality of Type 1 CC for the purpose of CC management, there are three alternatives of quantities can be used:

Alt 1) CQI

Alt 2) Qin/Qout

Alt 3) RSRP/RSRQ

In LTE, all the three alternatives use CRS (Common Reference Signal) for channel quality evaluation. CQI is used for dynamic scheduling, and it always estimates the channel quality for a short time. Qin/Qout is used for radio link failure detection, and it always estimates the channel quality for a long time. RSRP/RSRQ is used for mobility measurement, and its evaluation time is longer than CQI’s and shorter than Qin/Qout’s. 

Since the purpose of Type 1 CC’s evaluation is to activate/deactivate CCs in CA transmission, too short or too long evaluation time is not suitable. Short evaluation time can not reflect the channel quality entirely, and it will cause more interruptions of data transmission. Long evaluation time can not reflect the channel quality in time, and it may bring a risk of radio link failure. So both CQI and Qin/Qout seem not appropriate to evaluate the channel quality of Type 1 CC. Thus, we propose to use RSRP/RSRQ for the channel quality evaluation of Type 1 CC.

Proposal 2: RSRP/RSRQ is proposed to be the evaluation quantity for Type 1 CC.
2.2. Measurement in LTE
The main purpose of measurement in LTE is to assist network control mobility (e.g. handover). And the measurement mechanism is based on single carrier. Following are two characters of measurement in LTE:
· Measurement object is a single frequency for intra-LTE measurements
· Reporting criterion can either be periodical or a single event description
For intra-LTE measurements, the events include:

· Event A1:  Serving becomes better than absolute threshold;
· Event A2:  Serving becomes worse than absolute threshold;
· Event A3:  Neighbour becomes amount of offset better than serving;
· Event A4:  Neighbour becomes better than absolute threshold;
· Event A5:  Serving becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

For intra-LTE measurements, the purposes of periodical report include:
· Report Strongest Cell

· Report CGI
In LTE REL-8, the definition of intra/inter frequency is based on the serving cell’s single frequency. From the perspective of measurement requirements (Type 1 and Type 2 CC), the intra/inter measurement mechanism of LTE REL-8 is properly suitable for most scenarios. For the channel characters of different CC would not be the same, the evaluation of channel quality would be needed for each CC. To evaluate one specific CC, it is better to consider only one frequency as comparing object. Besides, for the purpose of backward compatibility and simplify the protocol procedures, it is proposed to consider the measurement mechanism of LTE REL-8 as baseline in LTE-A.
Proposal 3: Consider the measurement mechanism of LTE REL-8 as baseline in LTE-A, which can applied for Type1 and Type2 CC measurement.
2.3. Measurement for Type 1 CC and Type 2 CC
In LTE，when measurement report is triggered by event, UE will always report a list of cells of certain frequency (measurement object). When measurement report is periodical, UE can only report the strongest cell or CGI. These can be used for Type 2 CC’s measurement as its purpose is also for mobility control, but not suitable enough for Type 1 CC’s. Thus, some improvements of LTE’s measurement mechanism would be needed in LTE-A. The followings analyze some possible aspects of enhancements.
As mentioned above, current measurement mechanism is not suitable enough for Type 1 CC. There are two main problems:
Problem 1): For the measurement object of LTE is a single frequency, it is difficult to evaluate the channel quality of a specific cell, such as the cell of Type 1 CC. 
Problem 2): For the case of Type 1 CC’s channel quality degradation, there is no ready-made event or periodical report’s purpose that can be used. 

Thus, for the purpose of Type 1 CC’s evaluation, it is needed to make some improvements of LTE’s measurement mechanism. For example, to resolve problem 1), new measurement object (cell) can be taken into account. To resolve problem 2), new measurement event, some enhancement of current measurement event (e.g. A2) or new periodical report’s purpose can be considered. Whatever, these problems brought by carrier aggregation should be resolved in LTE-A.
There are already some documents discussing the measurement of Type 2 CC, which provide some methods of measurement in CA [1][2][3]. For multiple carriers, LTE REL-8’s measurement mechanism has some obvious drawbacks, such as more measurement procedures, larger measurement configurations, more reporting procedures, and more signalling overhead, etc. Thus, for multiple carriers measurement, it is proposed to consider some enhancements in LTE-A. Besides, to simplify the measurement in LTE-A, it is beneficial to unify the measurement procedures of Type 1 CC and Type 2 CC. 

Proposal 4: The enhancements of measurement mechanism in LTE-A can be considered further, for Type 1 CC and Type 2 CC.
3. Conclusion
As discussed above, our proposals are shown below:
Proposal 1: The channel quality evaluation mechanism for the purpose of CC management should be considered in LTE-A.
Proposal 2: RSRP/RSRQ is proposed to be the evaluation quantity for Type 1 CC.
Proposal 3: Consider the measurement mechanism of LTE REL-8 as baseline in LTE-A, which can applied for Type1 and Type2 CC measurement.
Proposal 4: The enhancements of measurement mechanism in LTE-A can be considered further, for Type 1 CC and Type 2 CC.
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