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1 Introduction 
RAN2 is currently discussing which Rel-8 measurement events can be re-used or generalized for Rel-10 Carrier Aggregation, and whether new measurement events are needed. An email discussion has been started [69#34] to exchange some views on this. 

This contribution aims at adding some further considerations on the topic, on top the ones being discussed over the email reflector.
The definition of generalized/modified/new measurements events for Carrier Aggregation should take into account some contrasting requirements:

· Existing measurements events should be reused as much as possible. This is beneficial to minimize the impact on specification and implementation. 

· Indipendent events per CC should be taken as a baseline. This is necessary to provide all the needed information to the eNB so that the RRM algorithms can take suitable decisions (for CC management, ‘multiple carrier’ handover, etc.)

· Whenever possible, means should be considered to aggregate or limit some reporting events, with the goal to reduce signalling overhead. 
In the following some proposals for measurements events for Carrier Aggregation are presented, taking into account the above requirements and according to the different use cases. In summary:
1. Individual A1 and A2 events (needed for start/removal of inter-frequency/inter-RAT measurements) are suggested in Section 2.1 (this issue has been handled in [69#34] as well),
2. Means to limit A3 and A5 reporting events (needed for mobility) are suggested in Section 2.2 (this issue has partly been handled in [69#34]),
3. A new ‘intra-serving cells A3 event’ is suggested in Section 2.3, to allow a PCC change among the already configured CCs (this has been hinted in [69#34] and further developed here),
4. A Report on Leave mechanism is suggested for A4 and A5 in Section 2.4, to support CC management (new proposal)
2 Discussion
2.1 Triggers for start/removal of Inter-frequency/Inter-RAT measurements
A1 and A2 events are used in Rel-8 to deactivate and activate Inter-frequency or inter-RAT measurements when the quality of the carrier exceeds or falls below a certain threshold. A similar mechanism is needed in Rel-10 Carrier Aggregation, considering the quality of all the configured carriers. 

NOTE: ‘Inter-frequency’ measurements here refers to measurements on frequencies which do not correspond to any configured CC.
Some proposals have been made to consider some ‘aggregated events’ for this (e.g. A1-best  and A2-best n the [69#34] discussion), with the goal to minimize signalling overhead.
Main concerns, already expressed in the email discussion by several companies, are on the complexity of threshold setting for these aggregated events and on implications on the DL PCC: with A1-best DL PCC can lose coverage without any reports being triggered, if DL PCC is not the best CC. And, at the moment, there is no guarantee for this. As an example, Figure 2.1 shows two extreme scenarios where the best CC doesn’t change (left) while staying in the ‘same cell’ coverage, or where it alternates between different CCs (right). The figure on the left could represent the case where CC1 and CC2 cells are co-located and overlaid, but CC2 has smaller coverage due to larger path loss. The figure  on the right could represent the case where CC1 and CC2 cells are co-located but CC1 and CC2 antennas point to different directions. Triggering inter-frequency/inter-RAT events at T4 (A2-best) would be ok in terms of DL PCC in the figure on the left (assuming DL PCC is set to CC1). On the other hand there would be problems with triggering inter-frequency/inter-RAT events only at T4 in the figure on the right, unless DL PCC is not always reconfigured so that it matches the best CC.
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Figure 2.1 Possible configured CCs behaviour, where the best CC never changes (left)                                                   and where it alternates between different CCs (right) 
More in general, it is believed that there should be the possibility to trigger inter-frequency/inter-RAT measurement when any of the CC becomes unstable. If this were not possible, some CCs might lose coverage without the eNB being notified in time. Even if this would not imply a RRC Release (because other CCs are still active) this would clearly degrade performance and possibly not ensure the maintainance of QoS requirements. So, in order to allow the eNB RRM algorithms to keep control of QoS requirements, it is believed that individual (per configured CC) A2 events should be allowed, and a similar reasoning applies for A1 events as well.
Proposal 1: Individual A1 and A2 events are considered as necessary and sufficient for Carrier Aggregation, to start/stop inter-frequency/inter-RAT measurements (while A1/2-best/worst events are not sufficient)

It should be noted that regarding the possible increase of reporting overhead, this can remain in full control of the network. For instance individual A1 events can be removed once any CC triggers its A1 event and inter-RAT measurements are removed.
2.2 Triggers for Mobility

Observation 1: After the agreement to introduce a PCC, mobility should refer to the procedure to ‘handover the PCC’ to a different cell. 
NOTE: Related to this, it is believed that the concept of ‘special cell’ is not required, as further explained in [1]
In particular, in order to support handover to a target cell on the same component carrier defined as PCC in the source cell, an ‘intra-frequency’ A3 event should be activated on the PCC. But, as already agreed at RAN2-68bis, more in general it should be possible to activate A3 events for intra-frequency comparisons on all the configured carriers. In any case, no new or modified measurement event is needed for intra-frequency mobility.

Proposal 2: ‘Intra-frequency’ A3 events could be used for intra-frequency mobility. 
Similarly to the intra-frequency case, for inter-frequency mobility ‘inter-frequency’ A3 events should be activated on the PCC, i.e. an inter-frequency ‘A3-PCC’ event is needed. Also in this case, no new or modified behaviour is needed.

Proposal 3a: ‘Inter-frequency’ A3 events activated on the PCC could be used for inter-frequency mobility. 
However, besides inter-frequency A3 events for the PCC, there could be other triggers for inter-frequency mobility. In scenarios where PCC is not the component carrier with the best quality it could make sense to define some event to detect whether there are any cells which provide a better quality than any of the currently serving cells. One first approach to cover this would be to define individual A3 events for all the configured CCs. However, as already commented in other contributions, this would probably increase too much the number of measurement reports (if there are N configured CCs as serving cells and M different possible measurement objects, there could be up to N x M individual A3 events). 
As already discussed in previous RAN2 meetings and in the [69#34] email discussion, one possibility to overcome this problem is to define an A3-best event, where the serving cell is the cell with the best quality. However, in our understanding, the definition of an ‘aggregated’A3-best event would have some impact on the Rel-8/9 measurement model and consequently some additional complexity in the UE. An alternative approach to the definition of an A3-best event, without impacts to the existing measurement model, is to still rely on the activation of individual A3 events for all the configured CCs, but limiting the reporting, i.e. specifying that only the last serving cell meeting the A3 condition would trigger the measurement report. This approach fully reuses existing A3 events (no new events are needed) but ensures that signalling overhead is heavily reduced since only the last event would be reported. In terms of functionality this would be equivalent to A3-best. 
Proposal 3b (as an optimized alternative w.r.t. proposal 3a): Individual A3 events per configured CC, with the restriction that only the last event would trigger the measurement report, could also be used for inter-frequency mobility (this play the same role as A3-best, but without impacts to the existing measurement model)
Finally, also A4 and A5 events could be used for used as triggers for mobility. A4 clearly doesn’t need any modification. Regarding A5, similar considerations con be done as for A3. So, it should obviously be possible to activate an A5 event on the PCC, i.e. an ‘A5-PCC’ event is needed. Also for this no new or modified behaviour is needed.

Proposal 4a: An A5 event activated on the PCC could also be used for inter-frequency mobility. 
And similarly to the A3 case, an optimization could be considered:

Proposal 4b (as an optimized alternative w.r.t. proposal 4a): Individual A5 events per configured CC, with the restriction that only the last event would trigger the measurement report, could be also used for inter-frequency mobility (this play the same role as an A5-best event, but without impacts to the existing measurement model)
2.3 Triggers for PCC Change
With the introduction of the PCC concept it is necessary to define triggers to allow a possible PCC change, i.e. the selection of a different CC among the already configured CCs. What is needed is some measurement event which allows to detect when one configured secondary CC becomes better than PCC. The suitable event is an A3-like event, where the reference cell is the one on the PCC and the list of measurement objects contains the other serving cells, i.e. the cells on the configured secondary CCs. This is a new event, which could be defined as an ‘intra-serving cells A3 event’.
Proposal 5: An ‘intra-serving cells A3 event’, with the one on the PCC as the reference cell and with the other serving cells as measurement objects, could be used as a trigger for PCC management
2.4 Triggers for CC management
2.4.1 CC addition
Depending on the QoS requirements, additional component carriers can be configured by the eNB for a given UE, whenever the reported radio quality of some not yet configured CCs is considered as sufficient. 

Different measurement events can be used to trigger CC addition.
One first possibility is given by the current A4 event, without any modification.

Additionally some A3 events could be used. For instance, it could make sense to add a CC (or replace an existing one) when a not-configured CC gets better than at least one of the already configured ones. In previous RAN2 meetings and in the [69#34] email discussion, an A3-worst event was suggest to cover this case. But similarly to the discussion on A3-best, one alternative solution is to rely on the activation of individual A3 events for all the configured CCs, and then specify that only the first serving cell meeting the A3 condition would trigger the measurement report. In terms of functionality this would be equivalent to A3-worst. But this approach would fully reus existing A3 events (no new events are needed), while and at the same time ensuring the same reduction in signalling overhead. 

Proposal 6: Individual A3 events per configured CC, with the restriction that only the first event would trigger the measurement report, could also be used for CC addition or CC replacement (this play the same role as A3-worst, but without impacts to the existing measurement model)

The same considerations can be done for A5, so that a new proposal can be defined:
Proposal 7: Individual A5 events per configured CC, with the restriction that only the first event would trigger the measurement report, could be also used for CC addition or CC replacement (this play the same role as A5-worst, but without impacts to the existing measurement model)
All the events discussed in this section are sufficient for CC addition under the assumption that the eNB always decides to configure one additional CC whenever it receives a measurement report (triggered by A3, A4 or A5 events) indicating good radio quality (or better quality than other CCs) for a given cell. However this will not be the typical case: besides radio conditions, the eNB will typically take also QoS requirements into account before configuring an additional CC. This also means that the need to add further CCs to a CA configuration (due to QoS requirements) could be asynchronous with respect to the measurement reception. So, even if the eNB received the indication of good radio quality for a given cell in the recent past, it cannot be sure that its quality is still the same at the moment in time when it decides to configure an additional CC. This problem could be solved by the introduction of a ReportOnleave mechanism – like the one already defined for A3 in pre-Rel-10, whereby a measurement report is sent when leaving condition is met - also to the events A4 and A5. In this case the eNB would easily know whether a cell previously reported as a good one still meets the condition or not.

Proposal 8:  A ReportOnleave mechanism should be introduced also for measurement events A4 and A5. 
2.4.2 CC removal

The main triggers for CC removal (and CC deactivation) could be the individual A2 events or intra-frequency A3events (per configured CC), without any modification.
3 Conclusion 
In this contribution a few proposals for measurements events for Carrier Aggregation have been presented, taking into account the corresponding use cases: triggers for inter-frequency/inter-RAT measurements, mobility, PCC change and CC management. 

In conclusion, for Carrier Aggregation it is suggested to define:
1. Individual (per configured CC) A1 and A2 events 
2. An inter-frequency ‘A3-PCC’ event or, alternatively, individual A3 events with only the first (for CC addition) and last (for mobility) ones being reported

3. An ‘A5-PCC’ event or, alternatively, individual A5 events with only the first (for CC addition) and last (for mobility) ones being reported

4. A new ‘intra-serving cells A3 event’, to support PCC change
5. A Report on Leave mechanism for A4 and A5, to support CC management 
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