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1. Introduction

Measurements event definition for carrier aggregation was discussed in RAN2#68bis meeting based on [1-3]. It was agreed that for intra-frequency, event A3 should be within each configured CC, i.e. comparing towards the configured cell on that CC. In RAN2#69 meeting, it was also agreed that for measurement events A1 and A2, serving cell is the cell corresponding to the component carrier corresponding to the measurement object. Therefore, event A1 and A2 can be configured per configured CC as same as event A3.

For inter-frequency, how event A3 is handled is under email discussion in RAN2(69#34).
In this document, we discuss how measurements are managed for carrier aggregation. Annex shows the analysis for the usage of the scenarios in [4].

This document is updated from R2-101085 based on agreement in RAN2#69.
2. Discussion
Our view on measurement comparisons for carrier aggregation is illustrated in Figure 1. 
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Figure 1: Measurement comparison for carrier aggregation
The orange arrow represents the comparison between aggregated CC and neighbour cells within one CC. This is already agreed event A3. It is used to detect best cell within one CC.
The green arrow denotes the comparison between aggregated CCs and cells in inter-frequency (i.e. frequencies which are not used for aggregation). This is discussed in RAN2 email discussion as generalization of event A3.We should discuss which CC within the aggregated CC (i.e. anchor carrier, configured carrier, or best/worst carrier by UE) is used for the comparison. This is used for mobility purpose and CC management purpose.
The blue arrow presents the comparison between aggregated CCs and cells in intra-frequency (i.e. frequencies used for aggregation). Our understanding is whether this is necessary or not is not concluded explicitly. Simialrly to the inter-frequency measurement case denoted by the green allow, we should discuss which CC is used for the comparison within aggregated CC.
We start the discussion from blue arrow.
The comparison between aggregated CCs and cells in intra-frequency (blue arrow)

The best cell detection within CC can be realized by the orange arrow. On the other hand, if pico/femto cell deployment is considered, the comparison between aggregated CCs and cells in intra-frequency CC is necessary. We explain this based on the scenario shown in Figure2. Pico/femto is added in deployment scenario 2 in [4].
NW needs to judge whether UE keeps macro of F2 with deactived or whether UE makes a handover to the pico/femto cell around the area of F2 pico/femto. When event A3 is triggered within F2 to indicate that pico/femto cell is best, F1 macro still may be still the best cell. Comparison between F1 macro cell and F2 pico/femto cell is necessary in order to judge whether handover to F2 pico/femto cell is necessary.
Such comparison can be realized by removing F2 macro by explicit reconfiguration from NW when event A3 happens. On the other hand, when pico/femto deployment would be getting popular, such explicit reconfiguration requires high load of the NW. Therefore, we propose to support the comparison between aggregated CCs and cells in intra-frequency CC.
Conclusion 1:   the comparison between aggregated CCs and cells in intra-frequency CC shall be supported
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Figure 2: pico/femto cell deployment based on deployment scenario 2 in [4]
The comparison between aggregated CCs and cells in inter-frequency (green arrow)
We discuss the comparison between aggregated CCs and cells in inter-frequency here.

We discuss two alternatives i.e. threshold based handling (Alt.1) and serving cell based handling (Alt.2):
Alt.1: Threshold based handling (i.e. comparison in NW by using Event A1/A2/A4)
Actual comparison between aggregated CCs and neighbour cells is done by NW in this alternative, since UE only reports based on comparison using threshold.

Event A4 is used to detect suitable CC, since all CC better than threshold are reported with the measurement result. Then, NW decides which CC should be aggregated. Whether aggregated CC are still suitable is checked by using Event A1 and A2.
Main problem of this alternative is that if event A4 is triggered once, cells in cellsTriggeredList are not reported again, unless other reporting is triggered. Therefore, even if non-aggregated carrier is better than one (or some) of aggregated carrier, this may not be reported. This needs to be handled by setting adequate threshold for event A4. This drawback may be acceptable from CC management perspective. However, this is definitely not preferable from mobility perspective, since non-aggregated CCs can not be just added if the non-aggregated CCs are managed by different eNB. Therefore, this is not attractive solution.

Alt.2: Serving cell based handling (i.e. comparison in UE by using Event A3 like measurement)
Event A3 like measurement is used in this alternative.
For mobility, one of the aggregated CCs is used for comparison with neighbours. Which aggregated CC is used should be best CC, since the intension is to select eNB/HeNB provides better experience to UE. The discussion point is how the best CC is selected. As discussed in the email discussion, the best can be NW decision or UE internal decision at RRC.
The problem of NW decision of best CC is the amount of signalling and the handling to reconfigure of best CC. UE based decision has the merit to reduce such signalling and the NW effort. However, since PCC concept is agreed and PCC should be good CC, event to indicate best CC (i.e. similar to UMTS event 1D) is necessary. Therefore, the signalling to inform it would not be additional overhead. In addition, the amount of the signalling itself would be the manageable, since the change should not be so frequent. We think this could be similar to the frequency of the handover for release 8/9 UE.
UE based decision allows the reference of the comparison is the really best in that timing. On the other hand, the need to have the method needs to be clarified.  In the mobility of UMTS/LTE of single CC capable UE, the configuration of L3 filter and time-to-trigger is important factor to be designed for mobility. This implies that to select the best in that timing is not always the best selection, if same principle is applied for carrier aggregation which supports several frequencies. This needs to be considered.
In addition, UE based selection means the result of the selection varies depending on UE capability of CC aggregation. The best CC among two CC and the best CC among 5 CC could be different. Although we think the similar behaviour among different capabilities simplifies the network operation, the impact of this dependency to the UE capability needs further study.
One big drawback in this UE based selection is that NW can not control which aggregated CC is used for the comparison. When HetNet operation is considered, one (or some) of aggregated CCs may change the cell coverage dynamically by changing transmission power and/or direction by using beam forming. In this case, UE may select such uncertain CC for event handling, since the CC could be temporary best. This is not preferable behaviour from NW perspective because inter-frequency measurement is time critical due to mobility in specific scenario as illustrated in Figure 3. 
In Figure 3, CC used as anchor from NW perspective may be changed to CC used for HetNet at some area e.g. boarder between urban area and rural area. If UE in Rural area aggregates CCs of F1 and F2, UE should compare F3 with F2 at change to Urban area rather than comparing F3 with F1. If UE in Urban area aggregates CCs of F2 HetNet and F3, UE should compare F3 to F2 macro as also discussed in the section of the comparison between aggregated CCs and cells in intra-frequency. It should be noted that UE which aggregated CC of F1 and F3 in rural area does not have such problem, since event A3 within F3 solves the issue. As general, the demerit of UE based method is not to allow NW to control which aggregated CC is used for the comparison. 
It should be noted that one possible HetNet operation is no power on CRS/PDCCH/PHICH/PCFICH/PBCH and just to rely beam forming only. In this case, CC of HetNet won’t be selected, since measurement result based on CRS is bad. However, this is still under discussion in RAN1.
Based on above consideration, there are several merits that best CC selection is NW based. NW based approach works for all scenarios which includes scenarios illustrated in Figure 3.
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Figure 3: deployment scenario to mix anchor component carrier and HetNet component carrier
Conclusion 2:   There are several merit that best CC selection is NW based. NW based approach works for all scenarios which includes scenarios of the HetNet.

For CC management, it would be useful to have worst comparison like similar to event 1C in UMTS. NW based best cell decision allow to do so but it requires more signalling. UE based decision could introduce event 1C but this requires more efforts in the standardization. Both UE and NW based solution by using best cell could support  behaviour like event 1A in UMTS by having adequate offset to event A3. The need to have event 1C measurement is bit less compared with UMTS. In UMTS, the need is clear, since UE is required to select suitable cells which have different coverage especially for cell edge (i.e. connect before break). Then, connectivity is improved. In carrier aggregation, this management does not improve connectivity. Therefore, this event A3 based behaviour will be enough to manage best set of CCs for aggregation.

Conclusion 3:   For CC management, event A3 could be used by applying adequate offset. The need of additional event like event 1C should be justified well.
3. Conclusion

In this document, we discuss how measurement is managed for carrier aggregation and reaches following two conclusions. We propose RAN2 to consider these two conclusions to decide measurement behaviour..

Conclusion 1:   To support the comparison between aggregated CCs and cells in intra-frequency CC
Conclusion 2:   There are several merit that best CC selection is NW based. NW based approach works for all scenarios which includes scenarios of the HetNet.
Conclusion 3:   For CC management, event A3 could be used by applying adequate offset. The need of additional event like event 1C should be justified well.
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Annex: Consideration of deployment scenarios
Deployment scenario 1:
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· Consideration of this scenario

· Whether pico/femto cells which has limited component carrier compared with macro cells are deployed in addition to macro cell on the same frequency, or not will lead some variant of consideration. 

· Mobility handling

· If pico/femto cells are not deployed (i.e. no need to consider), it would be enough to perform measurement on 1 component carrier for mobility handling. The carrier could be considered as an anchor carrier. However, whether UE needs to know it, or not is unclear at this moment.
· If pico/femto cells are also deployed, it would be necessary to perform measurement for those component carriers. Then, best cell principle would be applied for each component carrier. For example, if a UE detects pico/femto cell which is deployed in F2 as best cell in the frequency, event A3 is triggered. In case that the pico/femto cell is accessible to the UE, handover is performed the pico/femto cell, since macro cell quality is similar between F1 and F2.

=> Requirement 0: Measurement event per component carrier (i.e. event A3 should be within each configured CC, i.e. comparing towards the configured cell on that CC as agreed in [5]) is needed for mobility handling in this scenario, if pico/femto cell deployment needs to be considered. 
· CC management

· CC addition trigger is easy, since cell deployment is similar among component carriers from radio strength perspective. Therefore, when NW realizes that carrier aggregation is needed, NW can understand F2 is also available for UE, if UE already uses F1
· Best set should be able to be selected by NW, since UE capability may not be enough to support all component carriers which NW can configure for aggregation. Even though signal strength would be similar among component carriers in this deployment scenario, interference would be different among component carrier e.g. due to pico/femto cells deployment. Therefore, measurement report is necessary for such management.

· CC removal trigger is not necessary, if no pico/femto cells are deployed. If they are deployed, CC removal or deactivation would be required in order to avoid interference for pico/femto cells. In case of deactivation, measurement reporting to indicate reportonleave would be used to activate again, when pico/femto cells are not best cell anymore. Therefore, deactivation would be better than removal.
=> Requirement 1: Measurement events to report suitable component carriers should be considered especially from interference perspective. 
Deployment scenario 2:
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· Consideration of this scenario

· HetNet usage may fall into this scenario.

· Mobility handling

· UE mobility within macro cells can be handled by measurement events of component carrier which has bigger coverage (i.e. F1). This may be enough, if no HetNet deployment needs to be considered. 
· UE mobility between macro and pico/femto (i.e. something like hot spot) will require measurement for component carrier (i.e. F2), if pico/femto cells are deployed in such component carrier. Therefore, measurement event like A3 is also required for F2 as well.
NW needs to judge whether UE stays in macro by e.g. deactivating F2, or UE handovers to target cell. Therefore, after event A3 is triggered within F2 to indicate that pico/femto cell is best, comparison between macro cell in F1 and pico/femto cell in F2 is necessary in order to judge whether handover to pico/femto cell is really needed.
If F2 is removed from configuration at event A3 within F2, this is considered as inter-frequency measurement (i.e. event A3 bis). However, such behaviour should not be mandatory.
=> Requirement 2: Measurement event to detect best component carrier among aggregated component carriers should be considered for mobility handling for deployment scenario2, if HetNet operation needs to be supported efficiently. 
· CC management

· CC addition trigger would be event A4, since NW needs to know whether additional component carrier, unless NW configures additional component carrier without checking availability. 

· Best set management is bit complicated compared with deployment scenario 1, since RSRP is also different among component carriers in addition to RSRQ. However, RSRP difference among component carriers may be expectable from NW perspective. 

· CC removal (or deactivation) trigger would be event A2 for small coverage component carrier (i.e. F2). 

=> same as Requirement 1: Measurement events to report suitable component carriers should be considered especially from interference perspective.
Deployment scenario 3:
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· Consideration of scenario 

· Repeater scenario may fall into this scenario

· Mobility handling

· UE mobility handling needs to be done per component carrier, as discussed in RAN2#68bis. Then, mobility procedure would be done per component carrier as well.

· It’s possible that different eNBs are best between F1 and F2. In this case, required behaviour would be same as deployment scenario 2 for HetNet operation, if anchor carrier concept is not used. If anchor carrier concept is used as NW operation (not necessary from UE perspective), eNB can prioritize measurement result for anchor carrier (i.e. F2 in this figure).

=> Requirement 3: Measurement event to detect best component carrier among aggregated component carriers should be considered for mobility handling for deployment scenario3, if anchor carrier concept is not used.
· CC management

· In this scenario, required behaviour would be similar to deployment scenario2. However, RSRP is also not expectable. Therefore, component carrier management needs to be from RSRP/RSRQ perspective.
=> Requirement 4: Measurement events to report suitable component carriers should be considered for deployment scenario 3.
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