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1 Introduction
During RAN2#68bis, the Carrier Aggregation measurements were discussed for the first time after work item for carrier aggregation was approved (see [1]-[5]), and it was agreed that it should be possible to use A3 within each configured CC, i.e. comparing towards the configured cell on that CC. 

The goal of this email discussion is to continue discussions on further potential event adaptations for CA. The focus of the discussion is on generalization of existing measurement events A1, A2, A3 and A5. Proposals for new event triggers are not discussed.
2 Discussion
2.1 Measurement events A1 (Serving becomes better than threshold) and A2 (Serving becomes worse than threshold)

For measurement events A1 and A2 the definition of the serving cell needs to be generalized for carrier aggregation.
Two possible definitions of the serving cell were discussed in RAN2#68bis:
1. Serving cell is the component carrier corresponding to the measurement object. With this definition, it is possible to configure separate events A1 and A2 for each cell corresponding to a configured CC. Such event A2 can be used to remove component carriers [3], [4].
2. Serving cell corresponds to the best component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [3]. For A1 the best cell corresponding to configured CCs become better than absolute threshold and for A2 best cell corresponding to configured CCs become worse than absolute threshold. Such events can be used to add and remove inter-frequency / inter-RAT measurements for coverage based hand-over [3].

Comments:
- Motorola commented that A2#2 does not seem suitable for component carrier management. For example in case of 2 or 3 CC aggregation, the network may want to have two good CCs configured at all times. Using A2#2 the network does not always add inter-frequency measurements to find CCs better than one of the component carriers and may not be able to meet its goal of having two good CCs configured at all times
- Ericsson commented that one possible use case for event A2#2 would be to have a trigger to configure measurements requiring measurements gaps (especially inter-RAT, but also possibly inter-frequency), in order to eventually trigger a hand-over to a different RAT (or to a different frequency layer) in order to avoid a dropped call
3. Serving cell for event A2 can be defined as worst cell corresponding to configured CCs. This event can be used to remove configured component carriers.

Comments:
- Motorola commented that the network would want to remove from the configured set all cells that are below the threshold, not just the worst cell. So just reporting when the "worst cell is worse than the threshold" does not seem to have a benefit over using the Rel-8 A2 event with serving being any of the cells among the configured CCs.
Note that the proposals do not need to be exclusive.

2.2 Measurement events A3 (Neighbour becomes offset better than serving) and event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2)

Already agreed to use A3 within each configured CC, i.e. comparing towards the configured cell on that CC. Such events are sufficient to allow mobility within a frequency (i.e. change from one eNB to another eNB while maintaining the configured CC corresponding to the measurement object). This agreement does not include inter-frequency reporting using A3.
The need for A3 events beyond already agreed “intra-frequency” A3 was briefly discussed, and the need allow mobility to a frequency currently not included in configured component carriers was mentioned as one reason.
Three proposals for generalizing A3 were therefore discussed: 

1. Serving cell corresponds to primary component carrier (PCC). PCC is configured by the NW and does not change without a reconfiguration [1]. 

Comments:
- Qualcomm commented that such a simplification might not address all the measurement use cases, for example in [2] the need of ICIC measurement for all the carriers in the configured CC set was identified.
- Mediatek supported the proposal to define serving cells as PCC, as described in R2-101146. 
2. Serving cell can configured to correspond to any component carrier, configurable by the network per measurement ID [2]

Comments:
- Qualcomm commented that it is possible to reuse the release-8 evaluation / comparison implementation and evaluating multiple serving cells is equivalent to having multiple instances of release-8 measurement IDs.
- LGE comments that it can be assumed that the quality of every serving cell is always available. Then UE can simply put those into evaluation depending on associated (generalized) event. This does not seem to add significant complexity to UE implementation.
3. Serving cell corresponds to the best component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [3]. 

Comments:
- Qualcomm commented that measurement serving cell subject to change internally in the UE is a new mechanism compared to release-8 model and may cause some complications e.g. in managing entering and leaving conditions for each measurement ID. 
- Ericsson commented that similar mechanism is already used in UMTS
4. Serving cell corresponds to any (or all) of the component carriers. The UE autonomously compares the measurement results to all the cells corresponding to configured component carriers. This event can be used to replace one of the configured CCs by the measured neighbour cell (possibly the worst CC would be replaced). Note that this proposal requires UE to compare neighbour to all cells corresponding to configured CCs.

Comments:
- Alcatel-Lucent commented that a similar proposal can be realized with a single reference cell (see #5 below for details).
- Intel commented that this approach seems complicated and that #5 could be  considered instead. Comparison of #4 and #5 would require more discussion.
- LGE agrees that #5 can be used instead.
5. Serving cell corresponds to worst component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [3].

Comments:
- Qualcomm commented that measurement serving cell subject to change internally in the UE is a new mechanism compared to release-8 model and may cause some complications e.g. in managing entering and leaving conditions for each measurement ID.
- Ericsson commented that similar mechanism is already used in UMTS

6. New proposal (please provide description and short motivation why such a measurement is needed).

2.3 Terminology

At least following terms need to be modified

1. Serving cell. In this document “each cell corresponding to a configured CC” has been used. However, this is probably not adequate for 36.331.

2.4 Component carrier management

Component carrier addition: 

1. Event A4 (Neighbour becomes better than threshold) can be used to add component carriers based on absolute quality of the carrier (i.e. include all carriers with a sufficient quality). However, the number of generated reports might be high.
2. “Inter-frequency event A3” (Neighbour becomes offset better than serving – see section 2.2) can be used to add component carriers which have a quality comparable (with an offset) to the current serving cell (depending on the definition of the serving cell)

3. Similar to A3, event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2) can be used.

Component carrier removal:

1. Event A2 (Serving becomes worse than threshold) can be used to remove component carriers based on absolute quality of the carrier (i.e. exclude all carriers without a sufficient quality).

2. “Inter-frequency event A3” (Neighbour becomes offset better than serving – see section 2.2) can be used to remove a component carrier when a neighbour cell on the same carrier is better than the current cell

Component carrier replacement (simultaneous addition and removal):

1. The events listed for addition and removal can be used. 

2. The 4th and 5th generalizations of A3 (see section 2.2) can be used for exactly this purpose.
Comments:

- Intel commented that the CC replacement is an interesting concept but we probably need more discussion on it. Generalizations justified by CC replacement should not be prioritized at this point of time
2.5 Measurement model
During the discussion, the number of serving cells for each neighbor cell comparison was raised. The neighbour can use either a single reference (in which case there is a single comparison toward it) or multiple references (in which case there are multiple comparisons).
The generalization 4 of event A3 is the only measurement event requiring multiple serving cells for a single event.

One expressed opinion was that the release-8 measurement model should be kept as much as possible for easy implementation and testing. The release-8 model is characterized by a single measurement ID being combination of a measurement object and a report configuration. It is not clear that this model will need to change for support for CA. The only departure from the current model in CA setting is that there are potential multiple “serving cell”s for the measurement evaluation (generalization 3 of event A3).
It was also commented that the generalization principle should be aligned as much as possible between different measurement events.
2.6 Open issues
1. Analysis for other use cases than component carrier management is needed. At least mobility Mobility Management and ICIC have been identified as use cases.

2. Measurements on deactivated component carriers. Note if UE is required to measure on deactivated component carriers, the UE has to compare measurement results also to the deactivated carriers in that in A3#3-5 and also in A3#2 (depending on NW configuration).
3. RAN4 should be involved in the discussion on the measurement definitions

3 Conclusion
During the discussion the various concepts for measurement events for carrier aggregation were discussed. Even though there are not too many concrete agreements from the email discussion, two possible agreements are

Proposal 1: For measurement events A1 and A2 serving cell is the cell corresponding to the component carrier corresponding to the measurement object. (i.e. NW may configure separate events A1 and A2 for each cell corresponding to a configured CC). The need for further generalizations of A1 and A2 events is FFS.
Proposal 2: No need for multiple serving cells for a single measurement event was identified. It is proposed to assume only one serving cell per measurement event, unless a clear need for multiple serving cells is identified later.

1. In addition following open issues requiring further attention were identified:Analysis for other use cases than component carrier management is needed. At least mobility Mobility Management and ICIC have been identified as use cases.

2. Measurements on deactivated component carriers. Note if UE is required to measure on deactivated component carriers, the UE has to compare measurement results also to the deactivated carriers in that in A3#3-5 and also in A3#2 (depending on NW configuration).

3. RAN4 should be involved in the discussion on the measurement definitions
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