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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 eventsshould be studied. Also, it was concluded that it should be possible that (at least) A3-event is possible to configure so that the cell comparisons can be done against a (serving) cell in the same carrier. An e-mail discussion on the measurement events was also agreed, the results of which can be seen in [2].
2
Serving Cell in CA
The question of single or multiple serving cells has been raised in both e-mail discussions about measurements in CA [2, 3]. This chapter aims to summarise and propose a way forward with this.

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 transmits SI in N DL carriers. Thus, eNB contains N cells.

· Component Carrier (CC): The cells in the same eNB are called CCs when UE is connected to that eNB (i.e. the UE may be connected to any of the cells).

· Active CC = CC where UE is configured to monitor PDCCH and PDSCH

2.1
Primary Carrier as Serving Cell
In [1] it was proposed that a primary CC (PCC) would be adopted for carrier aggregation. Since the REL’8/9-compatible operation has been agreed to be preserved and there is only one serving cell in REL’8/9, we see that the primary CC could be the serving cell in carrier aggregation cases. This is because

· The PCC is always active, so measurement results of PCC should always be available, similarly as with Rel’8/9
· Since the existing measurement events A1, A2, A3, A5 and B2 always refer to (one) serving cell, PCC would be a simple choice for the serving cell used with them.
· Changing PCC could be easily be performed with a handover, which is similar to serving cell change in REL’8/9
Proposal 1: Primary CC is the serving cell for Rel’8/9-compatible configured measurement events. Change of PCC is made with handover procedure. 
However, what is still needed is the extension of the measurement events to cover the comparisons against cells in the same frequency of other than PCC cells. 
2.2
Carrier Specific Serving Cell
For carrier-specific measurement event comparisons, it has been agreed that it should be possible to compare measurements from neighbour cells against a reference cell in the same frequency . What has been proposed so far is that the cell for the comparison could be any cell in the frequency. In the REL8/9 in the event evaluation we always assume one cell as a reference – To us it seems quite logical to consider a cell that is used for carrier aggregation as a reference cell. With the existing terminology we would assume such cell to be a configured CC, which would require that UE is informed of the PCI of the cell in the CC configuration procedure. Additionally, to our understanding this same cell is the one that can be activated by the CC activation command. Hence, we propose the following:
Proposal 2: Only a cell that can be activated for CA can be a carrier-specific serving cell. Such a cell is a configured CC, and UE is signalled the PCI and carrier frequency of this cell (in addition to other required data).

Note that PCI and carrier frequency are explicitly mentioned here because they are the information that is acquired from successful cell search (i.e. once UE has measured RSRP, it knows the PCI of the cell and the measured carrier), so this information is something that the network is required to give to the UE to enable the carrier-specific comparison. 
3
Measurement Events
The generalisation of measurement events has been discussed in e.g. [2], [3] and [4]. We consider the consequences of the proposed extensions in this chapter.

3.1
Events A1, A2 and A4
The consensus and decision in previous RAN2 #68bis was that events A1 and A2 should be usable on a carrier basis. The argumentation has been that the main use for these events would be CC activation or deactivation. We would like to note that since current RRC specification [7] ASN.1 code already allows configuring A1 and A2 to measurement objects that are not related to serving cell, the extension of these events to CA would be quite simple. However, the use cases for extended events A1/A2 should be understood before agreeing on any changes to the existing event configuration. For example, in case existing events can already handle the use cases, there should not be a need to introduce new functionalities.
Since event A4 only refers to a neighbour cell, it may not need any modifications. A4 can still be configured for each frequency separately based on need. For example, event A4 (neighour becomes better than threshold) can be used for activation in lieu of the extended event A1.

3.2
Events A3 and A5
In [4] there has been a proposal that event A3 should also be extendable to carrier-specific comparisons similarly as events A1/A2. It was also proposed that A3 could be used in an inter-frequency manner with all carrier-specific reference cell, and that there could be some implicit rules. Thus, we see that there are three different options proposed for extending A3:
Scheme 1. A3 can be used with only one serving cell (similarly as in Rel’8/9, i.e. no extensions)
Scheme 2. A3 can be used with any carrier-specific serving cell, i.e. any configured CC 

Scheme 3. A3 automatically uses the strongest carrier-specific serving cell as reference serving cell (i.e. there is one implicit serving cell, determined by measurements)
The question we see here is that for which purposes would these options be used? 
· Obviously, Scheme 1 is the current behaviour, and assuming PCC would always be the coverage layer, mobility could easily function just as it does in Rel’8/9.

· The single serving cell would be PCC, according to proposal 1

· Mobility of PCC could be based on PCC carrier. Inter-frequency comparisons as already now in REL8/9 would also be possible.
· Problem with Scheme 1 is that it would be difficult to select best cell on a carrier as there is no comparison of cells within that carrier
· Scheme 2 is a simple extension of current A3: Each carrier can be configured with intra-frequency A3 event. This option allows the network more freedom in configuring the measurement reports. 
· This sort of event could be used to determine what is the best cell on each CC
· This scheme may lead to increased reporting and signalling on cell change, since each event A3 causes a separate report.
· Similar A3-event as now could be used with this scheme, but the event should be extended to include also the reference CC
· Scheme 3 is an implicit rule: As A3 is mostly used for mobility purposes, to trigger eNB to start the decision for handover for the reporting UE, this rule would create more processing in the UE.
· This sort of extension to A3 seems to imply that UE sends measurement report when it finds a neighbour cell that is stronger than any of the current configured CC cells. To us it is not immediately obvious whether this kind of implicit rule would bring benefits when compared to scheme 1 or 2 .
· This scheme seems to require some changes to existing reporting principles as currently an event cannot have multiple reference cells. So the report should be extended to indicate which of the frequencies was used as a reference in the evaluation. Currently, because there is only one serving cell and frequency – the existing A3 implicitly tells both the target and the source frequency in the report although the measId of the report only indicates the frequency of the triggered cell. So before agreeing this kind of extension, RAN2 should first discuss what this would mean for the RRC measurement configuration/reporting before agreeing to such extension.
While we see that none of the schemes for A3 extensions seem unreasonable in theory, we would like that only one of the options is possible. The use cases for the extensions should also be considered to justify the extensions before agreeing on them.
Finally, New would note that since event A5 refers to serving cell and another cell in (possibly another) frequency, the same comments as for A3 apply also for that.
3.3
Usage of events Ax 
The general trend of both carrier aggregation discussion on measurements and event extensions does not really consider the increase in reporting load. In CA scenarios having multiple events running in parallel for N frequencies causes increased network configuration effort, increased UE measurement processing load and increase in number of measurement reports. Also so far in REL8/9 the main purpose of RRC measurement events has so far been mobility, and the measurement requirements are done based on mobility needs. Considering that much of the discussion centers around the ways to activate or deactivated component carriers, it might be reasonable to separate at least the measurement requirements for the measurements, if not the whole configuration of the measurements. We would like a more involved discussion on this before agreeing on specific extensions on measurements.
Proposal 3: RAN2 should discuss the separation of measurements for mobility and measurements activation/deactivation of CCs. 
Proposal 4: RAN2 should LS RAN4 on whether the measurement requirements for mobility and activation/deactivation could or even should be different.
4
Mobility Scenarios 
In this chapter, scenarios 1-3 from [6] 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 mobility purposes in each case, and what are the differences to current mobility measurements. If we consider a PCC scheme to be the basis for further CA scenario development at least following this should be taken into account when considering these scenarios:

1. How is the PCC mobility handled? What kind of measurement reports is required for this?

2. What information does eNB require to identify the best non-primary CC:

a. eNB should know which non-primary CCs are hearable and schedulable for this UE 
b. To activate a non-primary CC, NW should have information about the measurements of that CC
Note that for simplicity, each of the scenarios discussed here (just as in [6]) only considers two CCs, but the conclusions drawn here are not limited to cases with only two CCs.

4.1
Scenario 1 

In this case, both frequency layers have same coverage, i.e. the frequencies are adjacent in the same band with roughly equal transmission powers. This is the same as currently in Rel’8/9 with two overlapping frequency layers –mobility can be done according to either layer, and there is no clear reason why it should be done in parallel for both. 
Conclusion: Mobility in Scenario 1 works in the same way as in Rel’8/9. No extensions to measurements or measurement events are required.
4.2
Scenario 2 

In this case, the two layers have different coverage. This could be in practice accomplished by having the CCs operating on different frequency bands. Assume e.g. CC1 = 700 MHz and CC2 = 2600 MHz. 
The following notes can be made of this scenario:
· Assuming UE is active on CC1 (i.e. the coverage layer), same comments apply as for Scenario 1: Mobility can be easily based on only that layer without problems. Only activation of measurements may be needed for CC2, but that is outside the scope of mobility.
· Assuming UE is active on CC2, this reduced to a problem with limited coverage: UE should be configured with measurements that help to recognize when the coverage runs out on the active layer, and do an inter-frequency handover. The important thing for mobility is to check that when the quality of CC2 starts to degrade to be able to handover to CC1 or some other cell in CC2 frequency, if hearable.
· Even this case still works like the inter-frequency mobility in Rel’8 as e.g. event A3 can be used to compare serving cell in CC2 against cell(s) in CC1 to determine that cell other carrier becomes best. So it seems that nohing new is required even for this case.

· Moreover, in this case the network would even know that there is another layer that fully covers the same area as the active CC, so in theory CC1 could be even implicitly activated without need for measurements. 
· It also seems that event A4 is enough to cover the activation of non-PCC cell. One could also consider activation and deactivation based on events A1 and A2 on each frequency, which means these event extensions could be useful, but this depends on how the deactivation is assumed to work in CA scenarios.  
The conclusion from these is that for scenario 2, the extensions to events A1/A2/A3 may be useful for activation and deactivation, but not necessary for mobility: The needs for the extensions depend on how the deactivation is intended to work in CA scenarios.
So in summary:

· Event A3 can be used for changing PCC (for both cases when the switch is done within a carrier (i.e. do intra-frequency handover) or between carriers (i.e. inter-frequency handover))
· Event A4 seems to be usable for finding out which non-PCC is ready for activation

· Deactivation of non-PCC and measurements used for the purpose seem to require more analysis
Conclusion:  In scenario 2 it seems that PCC mobility could be based already on existing events and no extensions there are required. Activation of CC could be based on event A4. How the deactivation works is FFS.
4.3
Scenario 3 

In this case, we can again assume e.g. F1 = 700 Mhz and F2 = 2600 MHz, but the frequencies have also different coverage planning. We note that
· This case is effectively a deployment of six-sector eNB with frequency reuse: The antennas of the cell are directed to have better coverage for areas between sectors in F1. 
· Assume UE is operating on F1 first, and starts moving around the eNB in a circle. 
· Mobility could be based purely on cells in F1, but with the effect that users between sectors would get worse service.

· Assuming UE would measure both F1 and F2, UE could move from one frequency to another, similarly as if all six sectors were in the same frequency. However, the sectors would experience less interference compared to single frequency case. 

· Assuming NW wants the UE to have PCC as the best CC in this scenario, the number of handovers due to changing PCC will increase.
· Existing Event A3 can be used to change PCC effectively as it compares the serving cell to neighbouring cells (on same or different frequency depending on the measurement configuration)
· A3 is useful for inter-frequency comparisons between cells in F1 and cells in F2 here.

· From event point of view, this scenario does not differ so much from Scenario 2, except that there may be more handovers and NW has more burden on defining which measurements UE should do.
Conclusion:  In scenario 3 it seems that PCC mobility could be based already on existing events and no extensions there are required. Activation of CC could be based on event A4. How the deactivation works is FFS.
4.4
Mobility Requirements for CA 

Based on discussion of scenarios 1-3 above, we find that for mobility purposes of PCC, the existing events seem sufficient. However, the activation/deactivation measurements could require new events, but the priority/requirements of such measurements needs to be considered when compared to the priority of mobility-related measurements.

Proposal 5: For mobility purposes there is no need to introduce any new events.
5
Conclusion

We have discussed the usage of PCC, existing measurement events and proposed extensions to them. We conclude our findings with the following proposals:
Proposal 1: Primary CC is the serving cell for for Rel’8/9-compatible configured measurement events.
Proposal 2: Only a cell that could be activated for CA can be a carrier-specific serving cell. UE is signalled the PCI and carrier frequency of this cell.

Proposal 3: RAN2 should discuss the separation of measurements for mobility and measurements activation/deactivation of CCs. 

Proposal 4: RAN2 should LS RAN4 on whether the measurement requirements for mobility and activation/deactivation could be different.
Proposal 5: For mobility purposes of PCC there is no need to introduce any new events.
References

[1] R2-10054, Primary Component Carrier, Nokia Siemens Networks, Nokia Corporation
[2] R2-101423, Summary of email discussion [68b#24] LTE: CA measurements, Ericsson
[3] R2-100395, Summary of email discussion [68#24] LTE: Measurements in Carrier Aggregation, Alcatel-Lucent
[4] R2-100196, Measurements for Carrier Aggregation, Ericsson

[5] R2-100421, Measurement considerations for Carrier Aggregation, Qualcomm Incorporated 

[6] R2-100531, Carrier Aggregation Deployment Scenarios, NTT DOCOMO Inc
[7] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification
