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1 Introduction 
Normally speaking measurement in RRC-CONNECTED state serves 3 main purpose i.e. handover, ICIC management and CC management which is something new in Rel10. And we think the requirement from handover and CC management is different in Rel10. For example the number of target cell maybe more than one which requirement more measurement information from UE. This document clarify these additional RRM requirement compared to pre-R10 system and try to figure out what we can do about this issue. 
2 Discussion
2.1 The requirement on measurement in R10 
In general the purpose of radio resource management (RRM) is to ensure the efficient usage of  the available but limited radio resource. And both variant radio resource in time and QoS requirements will affect the result of RRM.  In pre-R10 mobility management is triggered by the measurement result from single carrier or other reasons e.g. load balance. While in Rel10 measurement results from multiple carriers are required to enable adding/deleting CC and handover to and from multiple carriers. Detail analysis on requirement on CC management and handover is depicted as below:
CC management: 

eNB may decide to add one CC due to  increased QoS requirement However it maybe not able to do it due to lack of up-to-date measurement information of component carriers. This results from the fact that normally measurement event is triggered when entering condition is met but no measurement event is triggered when leaving condition is met except for event A3. So reported measurement event for one CC only enables eNB to know when this CC become better but not to know when it becomes worse. While the QoS variance normally not occurs immediately after related measurement event is reported. So when eNB decide to add one CC the potential candidate CC i.e. reported CC maybe not good enough. 
Another point is when one CC is being used eNB can track its radio situation in very short term by e.g. CQI report. And once it is deleted only inter-frequency measurement is to be reported. The measurement result will only be reported when this CC leaving and entering once again otherwise eNB can’t make sure whether this CC is still good enough to be aggregated. 
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Figure 1
In Figure1 one absolute threshold is set for e.g. event A4. And CC1, CC2 and CC3 are 3 CCs for one UE from which cell CC1 is serving/working cell now.  At T1 event A4 of CC3 is triggered and reported and at T2 CC2 is triggered and reported too.  And before T3 the RSRP of CC2 is still above the threshold while CC3 has already been under the threshold. Since no measurement report is triggered after T2 eNB fails to know the situation at T3. Then at T3 eNB decides to add one CC due to increased QoS requirement e.g. to add one or more DRBs with high GBR. In this case eNB may pick the wrong CC i.e. CC3 based on the out of date resources status. 
Handover

If multiple CCs are aggregated in source eNB most likely multiple carriers are also required after handover in order to minimize throughput degradation after handover. If handover decision is made based on single measurement event for one neighbouring carrier then the network may take the risk that only one carrier  is available after handover.

I Figure 2 CC1 and CC2 are aggregated carriers in source eNB while CC3 and CC4 are neighboring carriers in candidate eNB. At T1 and T2 measurement event A3 is triggered and reported for CC3 and CC4 respectively. If eNB decides to handover at T1, the throughput may degrade after handover because CC4’s RSRP is too bad to be aggregated. If eNB decide to handover at T2, it can’t ensure CC3 is still suitable to be target carrier.
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Figure 2
Observation1: CC management and multi-carrier handover are not well supported by LTE measurement model.
Proposal1: problem described in Observation1 should be resolved in LTE-A.

2.2 How to resolve the problem
There are three ways to solve the problem for CC management. First one is that UE could be asked to send measurement reports by eNB at T3, but it’ll introduce more latency and new eNB polling mechanism. Second one is to relay on periodic report  Due to the unpredictable update of requirement, eNB could only set periodic report parameters pessimistic, e.g. infinite,  which will result in much more signalling overhead. Third one is eNB maintains/stores a candidate cell set which contains the status of CCs applicable for potential aggregation based on measurement reports. Thus when QoS is changed eNB can easily to pick one CC from the candidate set. 
There’re also three ways to resolve the problem for handover. First one is additional measurement reports, UE could report RSRP of  CC3 together with CC4 at T2. But UE should be notified CC3 and CC4 could be aggregated i.e. from the same eNB in advance which will introduce extra complexity. Second one is event triggered periodic measurement report. After being triggered at T1,  UE keep reporting till T2. Obviously the disadvantage for 2nd solution is signalling overhead, and it is hard to choose periodic parameters considering coverage difference and UE moving speed. Third one is eNB maintains/stores the status of candidate handover carriers based on measurement reports. eNB could decide that T2 is a better time to perform handover if  CC3 is stored as an handover candidate cell.
Proposal2: eNB perform RRM decision based on current requirement and applicable resource which could be maintained/stored by eNB upon every measurement report. 
2.3 how to adapt the measurement model into pre-R10

In order to facilitate discussion below,  4 different cell sets are defined  These cell sets and the relations among them are show in Figure 3. :
measurement cell set： including cells measured by one UE.
working CA cell set： including cells configured to UE, either activated or deactivated.
candidate CA cell set：including cells not configured to UE yet but applicable for aggregation within the same eNB 
candidate handover cell set：including cells applicable for HO and carrier aggregation in target eNB. So multiple candidate handover cell set is possible due to applicability of carrier aggregation.
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Figure 3
Every cell set is maintained based on measurement report, A new measurement report could trigger addition or removal of cell(s) in one or multiple cell sets. Entering and leaving rules are defined for every cell set as below.
2.3.1 CC management
CC management is related to candidate CA cell set and working CA cell set. The maintenance of candidate CA cell set and working CA cell set are shown in figure 4. Cells move between candidate CA cell set and measurement cell set can be triggered by inter-frequency A3 or A4/A5. The current inter-frequency event A3/A4/A5 (entering) can be used for adding a measurement cell into candidate CA cell set.  Inter-frequency event A3 (leaving) is defined for ICIC purpose in pre-R10. And it can be used to remove one cell from candidate CA cell set. The same principle can also be adopted for inter-frequency event A4 and A5.

For maintaining working CA cell. intra-frequency A3 or A2 could be the leaving trigger of working CA cell set. When intra-frequency event A3 of one neighbouring cell is triggered it mean the associated serving cell is facing high interference. And intra-frequency A2 indicate the serving cell is not good anymore directly.
For entering/leaving between working CA cell set and candidate CA cell set can be triggered by eNB RRM strategy e.g. QoS increased or a working cell leaving due to an intra-frequency A3 or A2 report.
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Figure 4

2.3.2 Handover
Handover is related to candidate handover cell set. The maintenance of candidate handover cell set is shown in figure 5. For inter-frequency neighbouring cells move between candidate handover cell set and measurement cell set can be done with inter-frequency event A3 or A4/A5. Similarly these events (entering) can be used to add one measurement cell into the candidate handover cell set. And event A3/A4/A5 (leaving) can be used to remove one cell from the set.  For intra-frequency neighbouring cell, it is more suitable using intra-frequency A3 to add a candidate handover cell, which most probably simultaneously trigger a working cell leaving described in 2.3.1. eNB can decide to perform a handover when cells in candidate handover cell set are more suitable than cells in working CA cell set. 
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Figure 5
2.3.3 Generalization of maintenance 
As can be seen above, current A3(inter-f/intra-) and A4/A5 could be used for maintenance of working CA cell set, candidate CA cell set and candidate handover cell set.

Proposal3: measurement configuration could be re-used for CC management and Mobility management purpose.
And for the leaving condition, current event A3 already provide ReportOnleave mechanism, it is better to apply the mechanism to event A4/A5. If leaving measurement event is defined for A4 and A5.
Measurement event A3 on leaving  has already been defined in pre-R10. Since the event A4 and A5 on leaving can be used to maintain candidate CA cell set and candidate handover cell set, same principle can be adopted i.e. measurement event A4 and A5 on leaving should be defined.
Proposal 4: to define measurement Event A4/A5 on leaving when leaving condition is met
More measurement reports will be reported if ReportOnleave are added in event A4/A5. For CC management, eNB is concerned about the specific cell which can be aggregated with the serving/working cell. One of the possibility is event A3/A4/A5 only triggered by the serving cell in component carrier, and other cells in that carrier won’t triggered the measurement report even if it’s applicable for the entry or leaving condition for that measurement Event. So a large number of the measurement reports are cut down. For HO, all of the cells in the carrier potentially are candidate handover cell, so the possible way is for the further investigation. 
Proposal 5: Event A3/A4/A5 only triggered by the serving cell in component carrier.
3 Conclusion 
The document identify that measurement event for one single carrier is not sufficient to meet some different requirement for Rel10 i.e. CC management and from/to multiple carrier handover. And we propose for this issue:  
Proposal1: problem described in Observation1 should be resolved in LTE-A.

Proposal2: eNB perform RRM decision based on current requirement and applicable resource which could be maintained/stored by eNB upon every measurement report.
Proposal3: measurement configuration could be re-used for CC management and Mobility management purpose.
Proposal 4: to define measurement Event A4/A5 on leaving when leaving condition is met
Proposal 5: Event A3/A4/A5 only triggered by the serving cell in component carrier.
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