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Discussion
1
Introduction
The contributions [3] and [4]showed some results related to CC management and also proposed some new events. We consider how to utilise the currently defined events to enable efficient CC management.  

2
CC Management Strategies
In [4] , the question if how networks would handle CC management (i.e. configuration/deconfiguration and activation/deactivation of Scells) was discussed. Two policies were discussed: Absolute and relative, with the difference being that the absolute policy used only events A1/A2/A4/A5 for managing Scells, while the relative policy used events A3/A7 (discussed in [4]) for Scell management.
Since SCell configuration and activation (and deactivation/deconfiguration) are done by eNB, the exact policy for when and why to do these is fully up to eNB implementation, i.e. vendor-specific. For example, the policy may depend on:
· Load in the eNB, based on PCell and all SCells: E.g. Amount of active users per SCell or SCell/PRB utilisation rate. 
· Bearer QoS parameters for the users: E.g. configuration or removal of of high datarate bearer for a user. For example, configuring an MBR/GBR bearer could trigger need for more than one CC, and a VoIP user would likely ever only need one CC
· Local eNB measurements: E.g. measurements of buffer status at eNB, UL measurements for users. 

· UE measurement events and received reports: E.g. which events have been configured for a UE and based on which reports is an action taken.

Since the first three bullet points are fully internal to eNB (i.e. both the triggers and the measurements are done within the eNB), in the following sections we focus on how it is possible to do the CC management based on the RRC measurement events configured for the UE. However, it should not be forgotten that this is just one aspect of the triggers for the CC management (albeit the one that will be most closely standardised). 
2.1
Scell configuration 

Before any of the Scell-specific events can be used, the Scell must first be configured. While it is fully up to the eNBs responsibility as to when to do this, it is expected that eNB would like to get some measurement information from the UE prior to this. To get some information of non-configured carriers, eNB would have to configure measurement events for the carrier (e.g. A4) or use a-priori information about the network layout to decide on configuration (e.g. Scenario 1-type of deployment). Since the requirements for measuring inter-frequency carriers depend on UE capabilities, gaps may be needed for the measurements. Even in the case where UE would nominally be capable of receiving a carrier without gaps, there could be need for retuning gap: For example, consider the case depicted in Figure 1: UE is operating in a PCell that has two adjacent CCs, but UE is only configured with the PCell. UE is able to measure both PCell and either SCC simultaneously, but not both. If UE should measure both SCCs, gaps would be needed, either retuning gaps (for changing center frequency) or normal measurement gaps (which would be easier and more according to Rel’8/9 operation).
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Figure 1. Example of intra-band measurement needing measurement or retuning gap

For detecting that a cell could be configured as SCell, e.g. measurement events A3 or A4 could be used: A4 would work in a case where it is known what the minimum reception level for a SCell should be, while A3 would work of the SCell level is known to be in proportion to the PCell level. It should also be noted that the triggering of the events themselves signifies the fact that UE is able to measure the triggering cell. However, it would be most probable that the act of configuration would be triggered due to other reasons that UE measurement events. 
Observation 1: UE needs gaps for measurements of non-configured intra-band CCs (if RF retuning gaps are not allowed).
Observation 2: The events A3 or A4 can be used useful for detecting when a cell is measured by the UE.

Observation 3: Since the trigger for configuring an Scell can be e.g. arrival of large amount of data in the buffer or configuration of a high datarate bearer, it can’t be guaranteed that the configuration is always done based on a measurement report. 
2.2
Scell activation 

Activation can only done for configured but deactivated SCells, since the current RAN2 assumption is that SCells would always be configured first and activated only afterwards. However, as noted in the beginning of the chapter, since the need for activation can be based on UE needing high datarate, the UE measurement events only facilitate the activation.
Since a SCell has been configured at this stage, the events C1-C3 (see [5]) can be configured for the SCC.. Of these,  the event C1 is useful for activation: If the SCell is known to be usable when a certain minimum reception level is achieved, report of C1 could help in triggering SCell activation. Event C2 is not directly useful for activation, but the triggering of C2 could be used to notice that SCell should not be activated at the moment (see section 2.4).

Similarly, event A3 can be used as a relative metric to compare the SCell level to the PCell level, and could be used as a trigger to activation: When SCell measurement result is close enough to PCell measurement result, SCell can be activated. The A3 event would often have a negative offset when used in this manner. The reportOnLeave option for A3 can be used to notice that a triggered A3 condition no longer applies (similarly as C1/C2 events).
However, we note that regardless of the events used as input to activation decisions, if the measurement results would always include both the triggering SCell and PCell in addition to results from other SCells, the eNB could also use that information to do post-processing of the measurement results. E.g. if the measurement report of C1 would contain also the PCell measurement result in addition to the SCell measurement results, eNB could deduce whether an A3 condition would also be valid in the situation.

Note that event A4 can also be still used in a similar manner than C1, but C1 limits the measurement reports to only the SCell, which is helpful in limiting the UL overhead due to measurement reporting.
Observation 4: When SCell is configured, events C1/C2  (=SCell becomes better/worse than a threshold) or A3 (with reportOnLeave) can be used for indicating that the SCell is in condition to be activated.

Observation 5: If the serving cell measurement results included in measurement reports include the measurement results for PCell and all measured SCells, eNB can do a relative comparison in addition to absolute comparison when using any event.

Observation 6: Event A3 (with negative offset, typically), configured for SCell frequency, can give an indication that an SCell is close to the PCell level, which can be used as a trigger for SCell activation.

Observation 7: SCell activation would often be done for the same reasons as SCell configuration - see Observation 3.
2.3
Scell deactivation

SCell deactivation would likely follow either eNB load or UE buffer situation, but could also be triggered due to radio conditions (similarly as e.g. handover). Typically, the SCell would be deactivated due to UE requiring lower datarate, i.e. break in data transmission or due to a neighbour cell in SCell carrier becoming strong enough for eNB to consider a handover towards that cell (in which case a PCell handover could be carried out). But when SCell has already been activated, UE is sending CQI reports in addition to the RSRP/RSRQ measurements, so eNB would have all the measurement results that are possible in this case. The situation is quite similar to handover case: It is noticed that radio conditions have altered: Either the current SCell has become too weak (similar to coverage running out) or another cell is becoming stronger than the SCell (requiring either SCell change within the same eNB or handover to another eNB).
Observation 8: SCell deactivation would either follow data running out, SCell weakening (observable via CQI/RSRP/RSRQ measurement reports)  or eNB wanting to preserve UE battery. Hence,the trigger for SCell deactivation would likely come from other source than UE measurements. And in case the trigger would come from UE measurements, the situation would be similar to handover situation in earlier releases.
2.4
Scell deconfiguration 

Scell may be deconfigured either directly from activated state or from deactivated state. The former case would be triggered e.g. due to UE moving out of area where carrier aggregation is supported or UE datarate requirement changing. The latter case is of more interest, since the question of the triggering event is more difficult. When deactivated, UE is still doing measurements of the SCC and thus, providing measurement reports. The events should be configured in such a way eNB can notice that the SCell is becoming bad enough or there is another candidate (e.g. in a situation like Scenario 3) that should replace the SCell. Event C3 could be used for detecting the presence of another SCell candidate; Event  A3 could indicate that the SCell is too weak compared to the PCell; Event C2 could indicate that SCell is too weak in general to stay configured.
Observation 9: Event C3 (Neighbour > SCell + offset, only allowed as intra-frequency event) can be used for triggering SCell replacement with another suitable SCell. The same event could also trigger a full handover in case the discovered neighbour cell belongs to another eNB.
Observation 10: Using event C2 (SCell becomes worse than threshold) for deconfiguration or event A3 (with negative offset, for SCell carrier, with reportOnLeave) can be used for triggering deconfiguration. 
3
Discussion of Measurement Events for CC Management in Scenarios 1-5 
Since the question of which events to use for CC management has been raised several times in RAN2 discussion, we would like to clarify few of the potential schemes we see possible with the currently defined event configuration. Also, the examples given here illustrate the principles highlighted in the previous chapter, and show in which cases certain event configurations would help the most (and where they would not help that much). In each of the scenarios, there is always only two possible carriers for UE, of which one is a PCll and the other is a SCell. 
3.1
Scenario 1 
The definition and the layout of the Scenario 1 is shown in Table 1.
Table 1. Carrier aggregation deployment scenario 1.
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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SCell management: Scenario 1 is characterised by nearly equal coverage in both carriers. From CC management decision-making point of view, this is probably the easiest scenario since the SCells can (in theory) be configured and activated almost blindly, i.e. without any UE measurement events if it is assumed both PCell and SCell have equal coverage. This scenario is most likely realised is F1 and F2 belong to the same band, which means that the most likely case would be that F1 and F2 would be adjacent carriers.

It should be noted that the relative measurement event like A3 would typically NOT be that useful in this scenario (at least for RSRP measurements): Typically either the A3 offset or time-to-trigger should be set large enough so that A3 is not triggered due to very small fluctuations in signal quality. Since the coverage between F1 and F2 is roughly equal, barring triggering due to measurement errors, A3 would either NEVER trigger or trigger too easily.Also, the eNB would anyway have a good knowledge of the load situation in F1 and F2, so PCell change would not benefit from A3 event usage, either. In general, it would seem that having measurement events only in PCell would make most sense in Scenario 1. 

Observation 11: Using relative events for CC management (i.e. A3/C3) may be somewhat problematic in Scenario 1. 

Power consumption: In an intra-band scenario, deactivating the Scell may not always lead to as reduced power consumption : Assume that UE is first operating on both F1 (PCell) and F2 (SCell), and then the SCell is deactivated. At this time, UE could reduce its RF bandwidth to cover only the PCell. But if UE is required to measure the SCell, and RF retuning gaps are not allowed, the UE would have to keep the RF bandwidth large enough to be able to receive both F1 and F2 simultaneously. This would mean that UE would not be able to retune its RF to lower bandwidth at SCell deactivation, so the RF power consumption would be the same even when SCell is deactivated. Therefore, in this scenario, it would be preferable to deconfigure the SCell entirely if good power savings are desired for UEs.

3.2
Scenario 2

The definition and the layout of the Scenario 2 is shown in Table 2.
Table 2. Carrier aggregation deployment scenario 2.
	#
	Description
	Example

	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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CC Management: In Scenario 2, F2 has lower coverage than F1. Let’s first assuming PCell is in F1. 
· Inter-frequency event A4 could be utilised for detecting that a cell in F2 is becoming good enough for SCell configuration. 
· Triggering of C1 can be used as information for activating an SCell.

· Event A3 could also be used (e.g. with negative offset) as information for activating the SCell, but since the pathloss difference between F1 and F2 would mostly be accountable from frequency difference, the relative RSRP between the carriers would tend to be constant all the time (barring measurement errors). Hence, having A3 configured to tell when SCell becomes better than PCell – offset would only work if offset is smaller than the constant difference in the pathloss. Otherwise, the A3 would never trigger and not be useful for activation purposes
· Deactivation of SCell due to the SCell coverage running out could be done with event C2, or with A3, with the same caveats as for addition with A3.

Assume next PCell is in F2. Now

· PCell coverage may not be good: Inter-frequency event A3 could be used to detect that a cell at F1 would be better, which could trigger a PCell handover from  F2 to F1

· Normal mobility events can be used to detect that PCell coverage is running out; Since F2 coverage is known to be a subset of F1 coverage, similar a-priori knowledge as in Scenario 1 could be applied for activation and deactivation.
Observation 12: Using relative events (i.e. A3/C3) may be somewhat problematic also in Scenario 2. 
3.3
Scenario 3 
The definition and the layout of the Scenario 3 is shown in Table 3.
Table 3. Carrier aggregation deployment scenarios 3.
	#
	Description
	Example

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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CC management: In this scenario, F1 and F2 coverages are clearly different. 

· It is easy to see that (intra-frequency) A3 and C3 should both be configured to separately manage both the PCell and SCell coverage: 
· When A3/C3 triggers, either the PCell needs to be changed or there should be a change of SCell configuration. 
· Inter-frequency event A4 can be used for triggering configuration of SCell

· Event C1 canbeused for triggering activation of SCell that is becoming good enough, similarly as in Scenarios 1 and 2

· Inter-frequency A3 could also work well here: It could be used for triggering both configuration of SCell as well as PCell handover
Observation 13: Relative events (i.e. A3/C3) are likely required for effective CC management in Scenario 3. 
3.4
Scenario 4 
The definition and the layout of the Scenario 4 is shown in Table 4.
Table 4. Carrier aggregation deployment scenarios 4.
	#
	Description
	Example

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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CC Management: This scenario can be seen as an extension of Scenario 2 and Scenario 3: The Scell coverage is severely limited, and there can also be several SCells of same frequency within the PCell coverage. Therefore, the observations are similar as for both Scenario 2 and Scenario 3: 
· Absolute event A4 would be suitable for detecting that a SCell could be configured.

· Event C1 could be helpful in detecting when SCell can be activated, and C2 in detecting when SCell should be deconfigured. 

· Relative events (A3/C3) are suited for detecting that the SCell could be replaced in case the RRHs have partially overlapping coverage. However, assuming that the RRHs are as in example figure, Scenario 4 is just an extreme case of Scenario 2: UE can only detect one SCell at a time, and the SCell coverage is more limited than the PCell one.
3.5
Scenario 5 
The definition and the layout of the Scenario 5 is shown in Table 5.
Table 5. Carrier aggregation deployment scenarios 5.
	#
	Description
	Example

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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CC Management:This scenario is a combination of Scenarios 1 and 2: Some SCells have, due to the repeaters, almost as good a coverage as the PCell (just as in Scenario 1), while some do not (just as in Scenario 2). 
· Since Scenario 2 behavior is the limiting factor, the same observations can be made as for Scenario 2. 
· In some cases the scenario will still behave just as Scenario 1, and C3 could be useful in such a cases for detecting that handover could be done to a different eNB. 
5
Conclusion
We discussed the CC management and made several observations concerning the usage of “absolute” events (i.e. events A1, A2, A4, A5, C1 and C2), compared to the usage of “relative” events (i.e. events A3 and C3) in Scenarios 1-5. The conclusion is that absolute andrelative UE measurement events are enough for all the scenarios: While the events can be used in different ways and for different purposes depending on the policy the network operator wishes to use, the current events enable several ways for CC management. We also note that in some scenarios some events are clearly better suited to CC management tasks than the other events, but the trigger for the CC management would typically come from other sources than the events.
Therefore, we conclude that the currently defined events are sufficient for CC management purposes.
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