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1. Introduction
In RAN2#68 meeting, measurement in CA was discussed, and there were some agreements [1]:
	1: UE sees component carrier as like any other carrier frequency.  Measurement object need to be set up for a component carrier in order for the UE to measure it.

2: All the carrier frequencies not currently configured as a CC are considered under the definition of inter-frequency neighbour measurement (i.e. do not have a serving cell for measurement purposes).


After last meeting, an email discussion was kicked off to continue the discussion mainly on the measurement events. To make some progress on this topic, this contribution analyzes more details on the re-use of LTE Rel-8 measurement mechanism in CA. Based on the analysis, it is proposed to make some enhancements of current measurement mechanism for CA. Three kinds of improvement are suggested: single carrier measurement with multiple carriers reporting, multiple carriers measurement, and single carrier measurement with multiple carriers comparison.
2. Discussion
2.1. Rel-8 measurement mechanism
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 three characters of measurement in LTE:

· Measurement object is a single frequency for intra-LTE measurements
· Comparison between neighbour cell and serving cell is one-to-one

· 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 inter-RAT measurements, the events include:

· Event B1:  Neighbour becomes better than absolute threshold;

· Event B2:  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

2.2. Rel-8 measurement mechanism for CC management
CC management includes CC addition/modification/removal, and Figure 1 shows the typical scenario of CC management.
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Figure 1 Typical scenario of CC management
Assuming CC1, CC2 and CC3 are configured for UE, CC1 and CC2 are active, while CC 3 is deactivated. CC4 and CC5 are un-configured, but capable to be aggregated by UE. CC1, CC2 and CC3 can be removed from the configured CC set, while CC4 and CC5 can be added into the configured CC set.
Rel-8 measurement events can be used as below for CC management:

· Event A1 and A2 can be configured on CC1, CC2 and CC3, to evaluate the configured CCs’ channel condition. When any configured CC is deteriorating, it can trigger the reporting based on event A2. Then eNB can choose to remove the corresponding CC. If the configured CC becomes better, it can trigger the reporting based on event A1. Then eNB can choose to continue working on this CC.
· Event A3, A4, A5 can be used on CC4 and CC5 for the purpose of adding CC. Event A3 and A5 need some comparisons with serving CCs, while A4 doesn’t. When un-configured CC is in good condition, it can trigger the reporting due to event A3, A4 or A5. Then if eNB wants to add CC, it can choose the CC with high quality.
· In addition, as event B1 and B2 are used for inter-RAT measurement, they are not needed for CC management.
As analysis above, current measurement events are sufficient for CC management, and there is no need to enhance Rel-8 measurement mechanism for CA.
Proposal 1：Rel-8 measurement mechanism is sufficient for CC management.
2.3. Rel-8 measurement mechanism re-used for mobility
Handover is the main procedure for intra-LTE and inter-RAT mobility. UE can report the measurement results to eNB as configured to assist handover. For the case of CA, the typical multi-carriers handover scenario is shown in Figure 2.
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Figure 2 Typical multi-carriers handover scenario in CA
CC1 (f1), CC2 (f2) and CC3 (f3) in eNB1 have the same coverage, while CC4 (f1), CC5 (f2) and CC6 (f3) in eNB2 cover the same. Assume that UE aggregates CC1, CC2 and CC3 for data transmission, and moves from eNB1 to eNB2.
Rel-8 measurement events can be re-used as below for mobility:

· Event A1 and A2 can be configured on CC1, CC2 and CC3 independently, used for starting and stopping inter-frequency measurement. 
· Event A4 can be configured on CC4, CC5 and CC6, and there is no comparison with serving CC.
· Event A3 and A5 can be also configured on CC4, CC5 and CC6, and the comparing serving CC can be CC1, CC2 and CC3. Thus, there will be at least 3*3*2=18 measId used for this kind of measurement, if configured.
· Event B1 and B2 can only be configured for the case of inter-RAT mobility.
When the UE is moving from eNB1 to eNB2, the following measurement configurations can trigger the reporting:
· event A2 configured for CC1, CC2, and CC3;
· event A4 configured for CC4, CC5, and CC6;

· event A3 configured between CC1/CC2/CC3 and CC4/CC5/CC6;

· event A5 configured between CC1/CC2/CC3 and CC4/CC5/CC6;

When these measurement reports are all received by eNB1, it can make a pretty wise decision for handover. However, there are some drawbacks for obtaining this great deal of information: the large amount of uplink reporting overhead and long latency to acquire these reporting messages. As shown in Figure 2, if CC4, CC5 and CC6 are continuous (channel condition will be similar), when UE moves from eNB1 to eNB2, the events (such as A3, A4 and A5) configured for them will possibly all trigger measurement reporting. Then the amount of uplink reporting overhead will be large at the cell edge. As the channel condition at cell edge is not so well and the amount of reporting messages is large, if eNB wants to receive all these messages correctly, it has to wait for some time, and this introduce long latency. 
For the case of handover, the latency is an important factor to be considered. In addition, at the cell edge, the uplink interference and error rate should also be studied carefully. Otherwise, the performance of handover will decrease, and it will further impact the user experience. As analysis above, for UE in CA, Rel-8 measurement mechanism has some defects if it is re-used for mobility without any optimization, such as latency and reporting overhead. Therefore, it is proposed to consider some optimizations of measurement in CA.
Proposal 2：Rel-8 measurement mechanism needs to be enhanced in CA for the purpose of mobility.
2.4. Enhancements for mobility measurement
There are two main problems to be resolved when Rel-8 measurement mechanism is used in CA:
· Latency

· Reporting overhead

In order to reduce the latency and reporting overhead, there is a simple method to consider: reducing the number of reporting times. As Rel-8 measurement mechanism is based on single frequency, and multi-carriers handover is supported in CA, there are three enhanced directions:
Alt 1) single carrier measurement with multiple carriers reporting:
Measurement object is still single frequency, and measurement reporting can take multiple aggregated or aggregated capable carriers’ results in one reporting message.

For example, if CC4 in Figure 2 triggers a measurement reporting, the reporting message can carry all serving CCs’ measurement results, i.e. the results of CC1, CC2 and CC3 are reported in one message. In this case, eNB can obtain all the serving CCs’ channel conditions as soon as possible, and it can reduce the latency for handover decision. When CC4 triggers the measurement reporting, another optimized way is to report the results of carriers that can be aggregated with CC4 together in one message. This can reduce the latency and reporting overhead for multi-carriers handover, especially when target CCs are continuous. To avoid the repetitive and redundant reporting triggered by other object carrier (e.g. CC5), there can be a timer to prohibit the reporting triggered by them with the similar reason of CC4. 
Alt 2) multiple carriers measurement:
Measurement objects are multiple frequencies, and multiple target carriers can be evaluated together and reported in one message.
For example, in Figure 2, CC4, CC5 and CC6 can be configured together as measurement object(s). UE can measurement them independently and report them in one message, or measurement them together and report an integrated result. When multiple carriers are evaluated together, the corresponding compared serving CCs for event A3 and A5 can be studied further. This can also reduce the latency and reporting overhead for multi-carriers handover.
Alt 3) single carrier measurement with multiple carriers comparison
Measurement object is still single frequency, and measurement comparison of A3 and A5 can be one-to-one and one-to-many. For the measurement that object frequency is in the scope of configured CCs, measurement comparison of A3 and A5 can be done between intra-frequency [2][3]. For inter-frequency measurement, measurement comparison of A3 and A5 can be done between one object frequency (neighbour cell) and many configured (serving) CCs [3].
For example, in Figure 2, CC4, CC5 and CC6 can be configured as three independent objects. If A3 is configured on CC4, the comparing serving CC for CC4 is only CC1. For the same reason, similar intra-frequency comparisons can only occur between CC5 and CC2, CC6 and CC3. Assume that there is CC7 on f4, if A3 is configured on CC7, the comparing serving CCs for CC7 is CC1, CC2 and CC3. For which serving CC(s) are used for inter-frequency comparison, it can be further studied. This has little impact on RRC signalling of measurement configuration. In addition, this method can reduce the comparisons for A3 and A5, and further decrease the reporting overhead due to the less information to be reported. However, it has little benefits on latency reduction.
The above three enhanced directions can all resolve the measurement problems in CA, and have their own pros and cons which need further study. It is proposed to consider and evaluate these three kinds of enhancements in CA.
Proposal 3：Three kinds of enhancements for measurement in CA are proposed to be considered:
· single carrier measurement with multiple carriers reporting;
· multiple carriers measurement;
· single carrier measurement with multiple carriers comparison.
3. Conclusion
As discussed above, our proposals are shown below:
Proposal 1：Rel-8 measurement mechanism is sufficient for CC management.

Proposal 2：Rel-8 measurement mechanism needs to be enhanced in CA for the purpose of mobility.
Proposal 3：Three kinds of enhancements for measurement in CA are proposed to be considered:

· single carrier measurement with multiple carriers reporting;
· multiple carriers measurement;
· single carrier measurement with multiple carriers comparison.
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