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Discussion and Decision

1
Introduction
The discussion in RAN2 #68bis concluded that all the Rel’8/9 measurement events should be applicable to also Carrier Aggregation scenarios but some refinements for e.g. existing events should be studied. The outcome of RAN2#69 concluded that A1/A2/A3/A5 events could also be extended to be carrier-specific, but the exact details were still left open. Another e-mail discussion on the measurement events was also agreed [2], to continue the work begun in [3], [4].
2
Terminology
First, we would like to clarify the terminology used in this contribution:

· Cell: Cell is an entity that transmits system information of one cell/carrier, i.e. similar to cell in Rel’8/9.
· Carrier: A Carrier is defined by center frequency and bandwidth. Intra-frequency mobility procedures enable UE to move between cells of the same carrier.

· eNB: eNB is an entity that can contain N cells (where N is an integer > 0)
· Measurement object: Center frequency and (measurement) bandwidth. A measurement object does not specifically refer to any single cell but tells UE that it should do cell search and configured measurements of any cell corresponding to the measurement object.

· Component Carrier (CC): The cells in the same eNB are called CCs when 1) UE is connected to that eNB (i.e. the UE may be connected to any of the cells) and 2) UE has been configured with the PCIs of those cells. CC implies a measurement object-specific serving cell has been configured.
· Active CC = Configured and activated CC. UE has been configured (and activated) to monitor PDCCH and PDSCH in the CC.
· PCC = Primary CC: The CC configured as primary CC(always activated)
· SCC = Secondary CC: Any configured CC that is not PCC
· PCC/SCC carrier: The carrier where the PCC/SCC is operating

3
Measurements for Mobility
The generalisation of measurement events has been discussed in e.g. [2], [5] and [6]. We consider the consequences of the proposed extensions in this chapter. In short, we propose the following:
Proposal 1: The existing RRC measurement events (A1-A5, B1-B2) and CC-specific extensions agreed in RAN2 #69 (A1/A2/A3 for each CC as inter-frequency events) are sufficient for mobility in Rel’10.

3.1
PCC Mobility
Since PCC [1] is similar to serving cell in Rel’8/9, mobility for PCC should work similarly as in Rel’8/9. Thus, the following can be accomplished:
· Detection of a handover candidate cell in a carrier (intra-/inter-frequency event A3)

· Detection of need to configure or remove configuration of inter-frequency measurements by detecting that the serving cell is weakening (intra-frequency event A2, for configuring) or strengthening (intra-frequency event A1, for removing configuration)

· Detection of a strong (enough) neighbour cell (intra-/inter-frequency event A4)
· Detection of a strong (enough) neighbour cell while own cell is weakening (intra-/inter-frequency event A5)

· Detection of a strong (enough) inter-RAT neighbor (inter-RAT event B1)

· Detection of a strong (enough) inter-RAT neighbor while own cell is weakening (inter-RAT event B2)

Since changing the PCC requires a handover, which causes a slight disruption in continuous connectivity, it is desirable to minimize the amount of handovers while retaining good enough connection quality. Considering that the PCC would often be the coverage CC, i.e. CC where there is full mobility coverage, it can be argued that nothing more is needed for mobility to function equally well as in Rel’8/9. And even if the PCC would not be the “best CC” in terms of signal quality (due to e.g. network load balancing decision etc.), similar procedures as for inter-frequency or inter-RAT mobility would still function: Detection of serving cell weakening, detection of good enough (inter-frequency or inter-RAT) neighbor cell(s) and detection of handover candidate cells. Hence, the rate of PCC changes would depend heavily on network operation.
Keeping the PCC always as the “best CC” might in some cases require (unnecessary) handovers: Figure 1 shows an example of Scenario 3 where UE moves in a path around the eNB. The points 1-7 mark handover locations (and due to eNB keeping PCC as the best possible CC. It can be seen that in this case, there would be less handovers if PCC was kept to f1 all the time. Hence, while the principle of keeping PCC as the best cell is good, it is not the best choice in all the cases.
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Figure 1. UE walking around 6 cells in Scenario 3

	Location (
	1
	2
	3
	4
	5
	6
	7

	Handover from cell ( to cell
	Cell 0 ( Cell 6
	Cell 6 ( Cell 1
	Cell 1 ( Cell 4
	Cell 4 ( Cell 3
	Cell 3 ( Cell 5
	Cell 5 ( Cell 2
	Cell 2 ( Cell 6


Table 1. Handovers (from cell X to cell y) in Figure 1
3.2
SCC Mobility 
The existence of an SCC for the UE requires that the UE is configured with a serving cell for the measurement object. However, unless the eNB blindly assigns UE with SCC at handover or call start, it is likely that UE should, via measurements, inform eNB that a good enough cell has been found. This can be done via e.g. event A4 (see also Chapter 4 for more details on CA measurement events).

After SCC has been configured, it may be desirable that the SCC can also be changed flexibly. For example, in Scenario 3 – like deployments, there may be more than one possible candidate for a SCC for a UE. In such a case, event A3 (configured as intra-frequency event for the SCC, i.e. any cell within the SCC measurement object is compared against the SCC) may be used for informing eNB of need to change the SCC.
Considering that the usage of SCC is typically required only for few UEs at a time, it can be said that SCCs are just “resources” that are activated on a need basis. Therefore, it is questionable whether SCC mobility tracking needs to be as good as PCC mobility. Consider a case where UE is first configured with PCC and 2 activated DL SCCs due to UE needing a high bitrate (e.g. downloading a large file). Once the UE no longer requires the SCCs for its QoS, eNB deactivates the SCCs, causing UE to reduce the measurement activity in the SCCs. For example, the measurements could be provided according 1.28 seconds DRX configuration requirements, i.e. one measurement sample every 1.28 seconds. If the SCCs start to become bad enough to be not-so-useful for possible scheduling (noticed by event A2 triggering), the slower rate of measurements would not cause problems to the UE connection since the SCCs are deactivated. Or if the UE would start to again require higher data rate, eNB could send a MAC activation command to the UE, which would restart faster measurements and CQI reporting to help in scheduling decisions: Bad CQIs would be provided fast to the eNB, and event A2 would also trigger faster, enabling eNB to choose to deactivate and remove the configuration of the SCC again. 
3.3
Measurement Requirements 
The measurement requirements for activated CCs have already been agreed to follow intra-frequency measurement requirements. For deactivated CCs, we think the requirements would likely be similar as the current measurement requirements during (long) DRX periods for inter-frequency measurements. To achieve power consumption benefits due to CC deactivation, the more deactivated CCs UE is expected to measure (i.e. the more deactivated CCs the UE has been configured with), the less often an individual carrier is measured. However, RAN4 is yet to discuss the mobility measurement requirements for carrier aggregation.
4
Measurement Events 
In this chapter, scenarios 1-3 from [7] are discussed from the measurement event usability point of view. The purpose is to present an example of how measurement events could be used for carrier aggregation management in each case. Note that for simplicity, each of the scenarios discussed here (just as in [7]) only considers two CCs, but the conclusions drawn here are not limited to cases with only two CCs.

Generally, the following principles have been applied for measurement events used for CA management:

· Event A4 can be configured for any measurement object, regardless of it configuration/activation/deactivation status. Since it refers to any neighbour cell, a measurement report will be sent whenever UE is able to measure a cell that meets the threshold requirement. Further, A4 could even be used in lieu of A1 on a SCC: Both A1 and A4 refer to a cell becoming better than a threshold value.

· Event A1 on a SCC can be used to decide on activation for a deactivated CC. Notice that A1 can only be used when a CC has been configured: A1 cannot be used since it refers to a specific (configured) serving cell if UE only has a measurement object, with no knowledge of any serving cell for the object.

· Event A2 can be used to decide on deactivation (in case of active cell; Also CQI reports and UE need for data rate can be used) of CC or removal of CC configuration: Once A2 is triggered for a CC, NW can take appropriate actions.

· Event A3 can be used for changing the SCC configuration, similarly as A3 can be used for mobility on PCC: In scenario 3 or 4 – like environments, there could be multiple possible SCC candidates, with the eNB only knowing the candidates based on the measurement reports.
4.1
Scenario 1 

Scenario 1 is characterized by (roughly) equal coverage in both CCs. Thus, it is easy to see that even though the exact interference and fading conditions may be slightly different in each CC, measurements need not to be too frequent, and almost any sensible configuration of measurement events can provide accurate enough information for eNB decisions.
4.2
Scenario 2 

Figure 2 shows an example of Scenario 2, with one sector of an eNB shown. The CC with the larger coverage is called “coverage CC” and the other CC is called “capacity CC”. There are three ring-shaped regions: The outermost ring, where only the coverage CC is usable; a middle ring, where coverage CC is strong and the capacity CC may be used by at least some UEs; and an inner ring, where both CCs can be used. Each of these rings contains a border ring, illustrating possible hysteresis region for CC management or PCC handovers between the CCs.

There are four marked routes in Figure 2: 

Route 1. A simple straight route moving from the outer ring to the inner ring. The first marked point illustrates the place where capacity CC might be detected (A4). The second marked point is where the capacity CC becomes strong enough to be used (A1).

Route 2. Moving in from outer ring to middle ring and moving back to outer ring again. Here the marked points illustrate the detection of capacity CC (A4) and losing coverage of the capacity CC (CCF)
Route 3. Moving from inner ring to middle ring and back to inner ring again. Here the marked points illustrate UE first detecting capacity CC weakening (A2) and then strengthening (A1).

Route 4. A simple straight route moving from the inner ring to the outer ring. The marked points illustrate the capacity CC weakening (A2) and finally UE losing coverage of the capacity CC (CCF).
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Figure 2.Events for PCC/SCC management in Scenario 2
So Scenario 2 is similar to Scenario 1, except that the capacity CC has smaller coverage than the coverage CC. In this case, the CA events fall into two categories:

1. For UEs operating at capacity CC, the situation is almost the same as in Scenario 1: The underlying SCC has as good a coverage as the PCC, so the problem lies not in the SCC detection but PCC mobility: UE should detect when the coverage of the PCC is about to fail. In Figure 2, routes 3 and 4 both would require the detection of capacity CC becoming bad enough for PCC handover to coverage CC.
2. For UEs operating at coverage CC, the behavior defaults to a case where UE should detect an inter-frequency “coverage island”. This can be accomplished by e.g. inter-frequency A4 event or A1 for SCC. In Figure 2, routes 1 and 2 would make use of capacity CC detection at their first marked points.
The conclusion from these is that the agreed events should be sufficient for CC management in Scenario 2.
4.3
Scenario 3
Scenario 3 is otherwise except as Scenario 2 (one coverage CC and one capacity CC), but the cell layouts (i.e. antenna orientations) are different for different CCs. In this case, the same principles as in Scenario 2 apply, with the following additional considerations:
Similar principles as for Scenario 2 apply also for Scenario 3, except that there is not as clear division to “coverage CC” and “capacity CC”. Existing measurements should be sufficient for CC management also in this case.

1. A UE operating at either CC may need “SCC handover”, i.e. change of SCC configuration while the PCC stays the same. This can be done with RRC reconfiguration
2. As shown in Figure 1, there are cases where, if the network wishes to keep PCC as the best CC from signal quality, a handover is required at each of the points 1-7. This is similar to a six-sector eNB, where it is already known that the amount of handovers is increased. Hence, it may not be always desirable to have the PCC as the best CC.
Similar principles as for Scenario 2 apply also for Scenario 3, except that there is not as clear division to “coverage CC” and “capacity CC”. Existing measurements should be sufficient for CC management also in this case. Therefore, we make the following proposals for RAN2:
Proposal 2: The agreed RRC measurement events (existing + A1/A2/A3) are sufficient for facilitating CC management and activation/deactivation in Rel’10.
5
Conclusion

We have discussed the usage of PCC, existing measurement events and how they can be used for mobility and CC management. We conclude our findings with the following proposals:
Proposal 1: The existing RRC measurement events (A1-A5, B1-B2) and CC-specific extensions agreed in RAN2 #69 (A1/A2/A3 for each CC as inter-frequency events) are sufficient for mobility in Rel’10.

Proposal 2: The agreed RRC measurement events (existing + A1/A2/A3) are sufficient for facilitating CC management and activation/deactivation in Rel’10.
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