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1 Introduction

At RAN2-69 (San Francisco) the following agreements have been reached with respect to measurements in carrier aggregation:

	Agreements:

1: 
For measurement events A1 and A2, serving cell is the cell corresponding to the component carrier corresponding to the measurement object. (i.e. NW may configure separate events A1 and A2 for each cell corresponding to a configured CC). The need for further generalizations of A1 and A2 events is FFS.

2: 
No need for multiple serving cells (other than “best” or “worst”) for a single measurement id was identified. It is proposed to assume only one serving cell per measurement id, unless a clear need for multiple serving cells is identified later.


The focus of the discussion is on generalization of existing measurement events A1, A2, A3 and A5. Proposals for new event triggers are not discussed. 
A summary is provided in section 3.

Finalization date: Monday, 2010-04-05, Midnight, Pacific Time
2 Discussion
Section 2.1 discusses possible generalizations of measurement events and section 2.2 lists potential use cases for these events. 
2.1 Measurement Events
2.1.1 Event A1 (Serving becomes better than threshold)

2.1.1.1 A1

Description:
At RAN2-69 it has been agreed that the network may configure separate events A1 for each (serving) cell corresponding to a configured CC including the DL PCC. 
The need for further generalizations of Event A1 is FFS and will be discussed in the following sub-sections.

Potential use cases:

· CC activation: A measurement report triggered by this event may provide an indication to the network that it is worth activating this CC.

· Measurement Activation: Trigger for removal of inter-frequency or inter-RAT measurements.
Comments:

Huawei: Event A1 available on each configured CC is sufficient to stop inter-frequency/inter-RAT measurement for both coverage based mobility and CC management. The benefits of introducing A1-Best and A1-Worst are not notable and will impact the IE structure.
ZTE: Individual (i.e. per CC) A1 events seem necessary and sufficient (aggregate A1-Best/A1-Worst events are not sufficient).
· Nokia&NSN: We would want to clarify that these (the following) generalisations do not invalidate or obsolete the existing events, but would be new events that would need to be configured. The existing events are still needed for backwards-compatibility.
2.1.1.2 A1-PCC

(A1-PCC was originally proposed by MediaTek)

The already agreed A1 can also be configured for the serving cell on the PCC. Therefore, there is no need to define an A1-PCC explicitly. However, it should be discussed if a measurement event follows the serving cell during Inter-frequency Mobility or PCC change (Carrier Management) and if this behaviour depends on the type of CC (PCC/SCC).
Potential use cases: 
· Measurement Activation (Trigger for removal of inter-frequency or inter-RAT measurements for coverage based handover or PCC change).
Benefits:

· (MediaTek) Explicit reference carrier for measurement and deterministic UE behavior.
· (MediaTek) Reduced reporting overhead compared to individual A1 events on each configured CC.

(MediaTek) “Stateless” decisions in the eNB, where an event can be configured in a way that a single report can trigger adequate actions.
Comments:

· Motorola: We think a new “A1-PCC” event is not needed. It is unclear how a threshold can be picked that applies regardless of which CC is the PCC. We think it is adequate to provide a new measurement configuration when the PCC is changed by the network.
· ITRI: A1-PCC is only a special case of A1. We do not need to create a new A1-PCC.
· Ericsson: An explicit A1-PCC is not needed. We think that at PCC change, event configurations on the object carrying the present PCC shall be interchanged with the event configurations on the objects of the new PCC.
2.1.1.3 A1-Best
Description:
With this definition, the serving cell corresponds to the best component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [4]. Consequently, the triggering criterion is fulfilled when the quality of the best cell among the configured CCs becomes better than absolute threshold. 

Potential use cases: 
· Measurement Activation: Trigger for removal of inter-frequency or inter-RAT measurements for coverage based hand-over [4].

Benefits:
· Reduced reporting overhead compared to individual A1 events on each configured CC.
· “Stateless” decisions in the eNB, where an event can be configured in a way that a single report can trigger adequate actions.
Comments:
· LG: [threshold setting] Highly sophiscated setting of threshold is needed to make this concept work fine and efficiently. High value would not reduce MRs, and low value would jeopardize UE already losing coverage due to too late reporting. 
· LG: [implication to PCC] In case PCC is not the best CC, PCC would be losing coverage while no report is still triggered by A1-best. 
· QC: Not needed. For inter-RAT/freq measurement activation, our understanding is that PCC based measurements should be used. In addition, our view is that the measurement system should allow for keeping the PCC always set to the best or nearly best CC, though the use of appropriate A3/A5. 
· QC: Also, compared to individual A1 events, we are not sure how the signalling overhead is reduced. The individual A1 events can be removed once any CC triggers its A1 event and inter-RAT measurements are removed.
· Huawei: We agree the limited benefits for reporting overhead and “stateless” decisions. But if A1-Best could be used as trigger for removal of inter-frequency or inter-RAT measurement for coverage based handover, A1-worst also should be introduced for coverage based CC management.
· MediaTek: Since it has been agreed that DL-PCC is the only CC for radio link failure detection, A1-Best (as well as A2-Best and A3-Best) may not be a proper trigger for coverage-based handover in case the best cell is not on PCC. For example, when PCC is for basic coverage and SCC is for enhanced throughput, the best cell may locate on SCC. In this case, measurements for coverage-based handover may not be triggered at the right timing if the reference CC is the best cell. [Ericsson] Please note that Measurement Activation has been listed as a potential use case.
· MediaTek: Definition of “the best CC” needs to be clarified, e.g. in terms of what metric, duration of measurement, etc. 

· MediaTek: Implicitly changing reference cell for a single measurement event causes ambiguity and unpredictable UE behaviour. [Ericsson] Please note that the measurement report comprises the a cell identity. Therefore, the eNodeB knows what cell actually triggered the report. 
· MediaTek: Suggest defining A1-PCC instead of A1-Best for the same use cases. [Ericsson]: Please note that the already agreed A1 configurable per CC implicitly allows configuring an A1 for the PCC.
· ZTE: Similar concerns as LG on the threshold setting and implications on PCC, and same conclusion as QC this is probably not needed. Another concern is that there could be some impact on the Rel-8/9 measurement model - and some additional complexity in the UE - to handle an aggregated A1-Best event. In conclusion: individual A1 events seem necessary and sufficient.
· Intel: The usage of A1-Best is not clear. It seems the proposed use case (Measurement Activation) will be more properly covered with A1 associated with PCC.
· RIM: Mobility and coverage based handover (intra-freq, inter-freq and inter-RAT) should be performed based on PCC based measurement report. As PCC may not always be the best CC, and PCC should not be selected autonomously by the UE, it is not clear the benefit/usage of A1-best.
· Nokia&NSN: A1-Best does not help if PCC is already the best CC:_Since A1 would likely be used for activation of CCs when they become good enough, A1-Best would only create more signalling load in the network because also the CC-specific A1s would also have to be configured.
· Alcatel-Lucent: Like QC, we do not see this reduces reporting overhead. It reduces the need of setting up individual measurement A1 configuration for each serving CC and hence saves on measId usage.  However, since A1 configuration is only needed when measurement gap configuration is setup, the gain may not be significant.
· Motorola: Agree with previous comments that A1-Best is not needed. eNB would anyway need to ensure that normally the PCC is best CC
· ITRI: We think the current A1 event is enough. We do not see much gain of introducing A1-Best because when an A1-Best event is triggered an A1 event may be also triggered. In this case, the reporting overhead is increasing. If only A1-Best event is configured, it could not provide enough information for eNB to make decision. So, we think A1-Best is not needed.
2.1.2 Event A2 (Serving becomes worse than threshold)

2.1.2.1 A2

Description:

It has been agreed at RAN2-69 that the network may configure separate events A2 for each (serving) cell corresponding to a configured CC including the DL PCC. 
Potential use cases: 
· CC removal: A measurement report triggered by an Event A2 configured for an SCC may indicate to the network that a SCC should be de-configured and that it should not be promoted to PCC. 
· PCC Management: A measurement report triggered by an Event A2 configured for the PCC may indicate to the network that the PCC should be changed.

· Measurement Activation: A measurement report triggered by an Event A2 configured for the PCC may indicate to the network that inter-frequency measurements or inter-RAT measurements should be started.

The need for further generalizations of Event A2 is FFS and will be discussed in the following sub-sections.
Comments:

Huawei: Event A2 available on each configured CC is sufficient for current requirement of starting inter-frequency/inter-RAT measurement for both coverage based mobility and CC management. The benefits of introducing new A2-best and A2-worst are not notable, and it will impact the IE structure.
ZTE: Individual (i.e. per CC) A2 events seem necessary and sufficient (aggregate A2-best/worst events are not sufficient).
2.1.2.2 A2-PCC

(A2-PCC was originally proposed by MediaTek)

The already agreed A2 can also be configured for the serving cell on the PCC. Therefore, there is no need to define an A2-PCC explicitly. However, it should be discussed if a measurement event follows the serving cell during Inter-frequency Mobility or PCC change (Carrier Management) and if this behaviour depends on the type of CC (PCC/SCC).
Comments:

ITRI: Same comments as for A1-PCC. (A2-PCC is only a case of A2).
Ericsson: An explicit A2-PCC is not needed. We think that at PCC change, event configurations on the object carrying the present PCC shall be interchanged with the event configurations on the objects of the new PCC.
2.1.2.3 A2-Best

Description:

With this definition, the serving cell corresponds to the best component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [4]. Consequently, the triggering criterion is fulfilled when the quality of the best cell among the configured CCs becomes worse than absolute threshold. 

Potential use cases: 
· Measurement Activation: Trigger for configuring inter-frequency or inter-RAT measurements and corresponding measurement gaps for coverage based hand-over [4].
Benefits: 
· Reduced reporting overhead compared to individual A2 events for each configured CC.

· “Stateless” decisions in the eNB, where an event can be configured in a way that a single report can trigger adequate actions.
Comments:
· LG, ZTE: same comments for A1-best can be applied here. 
· QC: Not needed. PCC based events should be used for triggering inter-RAT measurements (coverage limitations are PCC based, given the current understanding of RLF). So A2 on PCC should be sufficient for this use case. In addition, our view is that the measurement system should allow for keeping the PCC always set to the best CC, though the use of appropriate A3/A5. 
· Huawei: The same comments as for A1-Best. Benefits exists but is not notable, the impact on IE structure should be considered.
· MediaTek: Same comments as on A1-Best. Suggest defining A2-PCC instead of A2-Best. [Ericsson]: Please note that the already agreed A2 configurable per CC implicitly allows configuring an A2 for the PCC.
· ZTE: not needed. A2-PCC is a better option, But we think that individual A2 events should be allowed: there should be the possibility to trigger inter-frequency/inter-RAT measurement when any of the CC becomes unstable.
· Intel: A2-Best triggers Measurement Activation a bit too late. A2-PCC seems more appropriate
· RIM: Same comments as for A1-Best. Mobility and coverage based handover (intra-freq, inter-freq and inter-RAT) should be performed based on PCC based measurement report.
· Nokia&NSN: Similar comments as for A1-Best: A2-Best would not be good enough alone to capture the CC situations, so it would not really reduce reporting overhead.
· Alcatel-Lucent: A2 configuration is always configured to determine whether there is a need to perform inter-RAT or inter-frequency measurement. Hence from this point of view, we think this is useful.  However, if individual A2 configuration is also used for CC removal or deactivation and the same threshold is applied, then we do not see this will reduce reporting overhead and the need of this.
· Motorola: Same comments as for A1-Best (not needed).
· ITRI: Same comments as for A1-best (A2-best is not needed).
2.1.2.4 A2-Worst
Description:
With this definition, the serving cell corresponds to the worst component carrier (within the UE). This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [4]. Consequently, the triggering criterion is fulfilled when the quality of the worst cell among the configured CCs becomes worse than absolute threshold. 

Potential use cases: 
· CC removal: Removal of configured component carriers experiencing too low quality.
· Measurement Activation: Trigger for configuring inter-frequency or inter-RAT measurements and corresponding measurement gaps for CC management.
Benefits:
Comments: 
· Ericsson, Motorola, LG, Huawei, RIM, Nokia&NSN, ITRI: With respect to CC removal the same behaviour and the same reporting overhead can be achieved with individual A2 Events per configured CC.
· QC: Not needed. Agree that individual A2 events can provide the required functionality.
· Huawei: if A2-Best could be used as trigger for configuring of inter-frequency or inter-RAT measurement for coverage based handover, A2-Worst also should be introduced for coverage based CC management
· ZTE: Using an aggregated A2-Worst event for CC removal seems not so reasonable. For example, if there are two CC, almost equally bad, why should the eNB decide to remove only the worst (possibly just slightly worse than the other one) and not both? Furthermore, A2-Worst could have the same impact on Rel-8/9 measurement model as A1-Best and A2-Best. In conclusion: Individual A2 events seem necessary and sufficient.
· Intel: It seems that using Ax-worst can reduce the number of individual Ax measurement IDs to be configured. However, function wise, it could be replaced by baseline individual Ax. FFS whether the saving justifies the use of such an extension.
2.1.3 Event A3 (Neighbour becomes offset better than serving)
2.1.3.1 A3-Intra-Frequency
Description:
It has already been agreed at RAN2-68bis to include the event A3 for intra-frequency comparisons, i.e. comparing neighbours on a DL CC towards the serving cell on that object. This agreement does not cover inter-frequency reporting using A3, i.e., it has not been agreed, how to realize A3-like measurement events for neighbours on objects that do not have any configured CC. 
Potential use cases: 
· Intra-frequency Mobility: Maintaining a configured CC on the frequency corresponding to the measurement object. 

Comments:

· QC: It should also be discussed how A3-like measurement events work for comparing two configured CCs (two DL SCCs, or DL PCC with a DL SCC). Such measurements are important for PCC management. Note that because of the decision to base RLF on PCC, it becomes important to have the PCC correspond to the strongest CC in the configured set (to avoid excess RLFs).
· [ZTE] Agree with QC that some new measurement events might be needed for PCC Management.
Huawei: For intra-freq objects, the configured CCs on the same frequency are used as "reference cell/serving cell". For inter-freq objects the "best cell", automatically determined by the UE, is used as "reference cell/serving cell". We see no need to introduce any new A3 events. An eNB does not need to indicate the “reference cell” so no change to any IE is needed. For inter-frequency objects a Rel-8 UE will interpret the ReportConfigEUTRA IE as today while a CA UE will compare neighbour cells with the best cell.
ITRI: We propose that for inter-freq objects PCC is used for “reference cell/serving cell”. Based on our proposal, we do not need A3-PCC or other A3 related events. [Ericsson] What you describe is our understanding of the A3-PCC.
The following proposals for generalizing A3 were discussed.
2.1.3.2 A3-PCC 
Description:
The serving cell on the PCC is used as reference for inter-frequency A3 Events. The PCC is configured by the NW and does not change without a reconfiguration [2].
In order to support PCC Management or Intra-frequency Mobility an A3-PCC could be configured for a serving cells and compare its quality against the PCC.
Potential use cases: 
· Inter-frequency Mobility: Mobility to a frequency that does not correspond to a configured CC.
· [MediaTek]: Intra-frequency Mobility.
· CC addition: A new CC can be added as another SCC or as the new PCC.
· [QC] PCC Management within configured set.
Benefits: 
· A3-PCC could be seen as a special case of A3-Configurable but it does not require specifying the reference explicitly. 
Comments: 

· LG: A3-PCC cannot be an enabler to replace worst CC by another new CC (except only when PCC is now the worst CC among CCs). 
· QC: One benefit of A3-PCC over A3-Configurable is that the measurements need not be reconfigured when there is a PCC change. We believe PCC change can be quite frequent, and this is a good optimization (though not adding any new functionality w.r.t. A3-Configurable). However, this type of optimization can be discussed at a later stage.
· QC: A3-PCC is not useful in the context of CC addition, as event A4 can do that well.
· Huawei: If the PCC is the best CC, it is reasonable to use A3-PCC for inter-frequency mobility. However, Huawei thinks the PCC is not always the best CC or worst CC. so for CC replacement and Inter-frequency Mobility, A3-PCC reports may not be received in time.
· MediaTek: It has been agreed that PCC is the reference CC for radio link failure detection. Therefore, A3-PCC should be used for the trigger of coverage-based mobility measurement.
· ZTE: A3-PCC could be used for inter-frequency mobility and CC addition, not for CC removal or CC replacement.
· RIM: A3-PCC is useful for PCC replacement (PCC Management). However, it is not useful for CC addition as event A4 is more appropriate for this purpose. It is also not useful for replacing a configured CC with a non-configured CC
· Nokia&NSN: A3-PCC is the way current specifications functions assuming that PCC is similar to REL8 serving frequency and thus to our understanding does not require anything new?
· Alcatel-Lucent: With the agreement that DL PCC failure results in DL RLF, A3-PCC has to be the trigger for coverage-based mobility measurement
· Motorola: Inter-frequency measurements with respect to the PCC can be configured whenever the PCC changes. So an “A3-PCC” event is at best an optimization to reduce signalling. However, PCC changes can be frequent, and it may be useful to have such optimizations – but this needs further study.
· ITRI: We propose that for inter-freq objects PCC is used for “reference cell/serving cell”. Based on our proposal, we do not need A3-PCC or other A3 related events. [Ericsson] What you describe is our understanding of the A3-PCC.
· Ericsson: We agree with QC that there is a need to compare the quality of a serving cell on a SCC against the serving cell on the PCC in order to report upon change of best CC. This behaviour could be achieved by defining new events for the particular purpose. Or we could agree that also serving cells (and not only neighbours) on an SCC are included in relevant A3 event evaluations. For the latter, it should be discussed, if this behaviour should be configurable (e.g. serving cells + neighbours; serving cells only; neighbours only). 
2.1.3.3 A3-Configurable
Description:
The serving cell can correspond to any configured component carrier. This is configurable by the network per measurement ID [3]. 

It is possible to reuse the release-8 evaluation / comparison implementation and evaluating multiple serving cells is equivalent to having multiple instances of release-8 measurement IDs. However, in Rel-8/9 the reference is not explicitly provided with a measurement ID. Also, it must be specified how to treat such a measurement event (the measurement ID) when the reference is no longer available.
As the quality of every serving cell is assumed to be available anyway, the generalization A3-Configurable does not seem to add significant complexity to UE implementation.
Potential use cases: 
· Inter-frequency Mobility: Mobility to a frequency that does not correspond to a configured CC.
· CC addition
· [QC] PCC Management within configured set
· Interference Management: <to be clarified why intra-frequency A3 is not sufficient for this purpose>
· CC replacement
Benefits: 
· Full flexibility in configuring measurement references beyond what is possible with A3-PCC (note that it cannot mimic the behaviour of A3-Best and A3-Worst as it provides either less information or generates more reports). 
Comments: 

· LG, ZTE: Depending on which CC is configured as reference CC, resulting consequence with A3-Configurable would be highly different (two extremes are best/worst). This would mean that, in order to make this A3-Configurable work in a desired way, quality of every CC should be explicitly reported to eNB such that eNB can have a sufficient knowledge to select a suitable reference CC.  
· QC: Useful. It is our understanding this can be used for CC replacement, and is hence a valuable event.
· QC: Also useful in the context of comparing PCC with SCC, in order to change the PCC if needed.
· Huawei: As stated earlier, we prefer that the UE autonomously selects the reference CC and don’t see a need for eNB to select it.
· MediaTek: Potential use cases listed above for A3-Configurable can be performed well by other events, i.e. inter-frequency mobility by A3-PCC, component carrier addition by A4, and interference management by intra-frequency A3. Therefore, A3-Configuralbe may not be a necessary extension.
· ZTE: Alternative to A3-PCC (full list of pros/cons is FFS) for Inter-frequency Mobility and CC addition
· RIM: A3-configurable is more general than A3-PCC and is useful to support the use cases of A3-PCC as well as CC replacement.
· Nokia&NSN: We have not really understood where do you need inter-frequency comparisons of SCCs? For configuring a SCC wouldn’t A4 or possibly A1-bis be sufficient?
· Alcatel-Lucent: This gives a lot of flexibilities to the network but the network will have to know the quality of each CC to be able set the reference appropriately.
· Motorola: While “A3-Configurable” provides a lot of flexibility it is not clear if this is needed. ForInter-frequency Mobility, inter-freq measurements w.r.t. PCC can be used. For CC addition event A4 can be used. For PCC Management inter-freq measurements w.r.t. PCC should be adequate.
· ITRI: Although A3-configurable can provide a lot of flexibility, we do not see how much gain if it is introduced. We think that PCC used for the reference/serving cell is enough
2.1.3.4 A3-Best
Description:
Serving cell corresponds to the best component carrier (within the UE).

This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [4]. Note that a similar mechanism is already used in UMTS.
Potential use cases: 
· Inter-frequency Mobility: Mobility to a frequency that does not correspond to a configured CC. 
· CC addition: A new component carrier may be considered worth adding to the set of configured CCs when it reaches a certain (lower) quality than the current best CC (e.g. QalityNewCC > QualityBest + XdB, where X may be negative).
Benefits: 
· There is always a best CC and there is no need to configure it explicitly. Note that this potentially reduces the reporting overhead compared to multiple A3-Configurable events with references for all configured CCs.
Comments: 

· LG: [CC addition] When A3-best is used for CC management, selection of X would be highly sensitive leverage between reducing MRs and identifying candidates CCs in a right time. Then selection of appropriate value of X(dB) may not be easy for network:  If we considers different loading and interference across CCs, and best CC may vary over time, then it may be hard to find a one-size-fits-all-X that can be applied to any CC selected as best CC at the moment of evaluation. 
· LG: [CC replacement] When eNB receives MR triggered by A3-Best, eNB may not know which CC should be removed but only know the new CC to be added. Hence it seems that A3-Best is not best suitable for CC replacement. [ZTE]: Agree with LG (however only CC addition is mentioned here as a potential use case, not CC replacement).
· QC: Not needed. Inter-frequency mobility can be based on PCC, where such event is not needed. Also, CC addition based on A4 should be the baseline. If the UE with ‘n’ current CCs is capable of supporting ‘n+1’ CCs, then only event A4 alone can determine if a CC is to be added (addition of CC is not a ‘relative measurement’ based event). 
· Huawei: We agree the A3-Best benefits the reporting overhead considering the large number of neighbour cells. A3-best is also reasonable for HO. By combining “A3-Best” event on inter-freq object and “intra-freq comparison A3” event on intra-freq object, there is no need to specify any new event, and there is no need to configure the “reference cell/serving cell” explicitly. [Ericsson]: Comparing inter-frequency objects against the “best cell” seems to be what we call here A3-Best and to our understanding this has not yet been agreed and it is not yet available in Rel-8. Therefore, it would be a new event. Please clarify.
· Huawei: A3-Best reporting is not timely for CC replacement.
· MediaTek: A3-Best may not be a necessary extension for the following reasons: Same comments as on A1-Best: mobility measurement should be triggered by A3-PCC instead of A3-Best because of PCC-based RLF detection. CC addition can be triggered by A4.
· ZTE: A3-Best cannot be the only trigger for CC addition. CCs could be worth adding well before the condition for A3-Best is met. In conclusion: not needed, only A3-PCCor A3-Configurable should be considered.
· Intel: In the same way as we see other Ax-Best extensions, A3-Best may not be useful. Coverage based mobility should be linked to A3-PCC and CC addition can be linked to A3-Worst (if we agree on such extension) or individual A3 (2.1.3.1 or 2.1.3.2).
· RIM: A3-Best is not suitable for CC replacement. Also, similar to our comments on A1-Best, Inter-frequency Mobility should be based on PCC. A4 can be used for CC addition.
· Nokia&NSN: What is mobility here (with respect to Inter-frequency Mobility)? Do we have mobility for something else than PCC? [Ericsson]: We referred to mobility as the change from one eNodeB to another. This may apply to any sub-set of CCs and it may comprise a change of the PCC. A3-Best would allow triggering such a handover as soon as a neighbour becomes stronger than the strongest serving cell. In that case the throughput is likely to increase due to the handover. 

· Nokia&NSN: Why isn’t event A1/A2 enough for this (CC addition)? [Ericsson] A1 and A2 are for configured CCs only. They cannot be used for detecting a CC that is worth being configured. A4 could be used for that purpose but it compares a neighbour against a fixed threshold. Whether it is worth using this as an additional carrier depends mostly on the quality of the already configured carriers. 
· Nokia&NSN: We think that the A3 should be enough for most purposes. The A3-Best would only work if it is used with the active CCs, and for those, A3 would work just as well. Mobility would anyway likely be tracked according to just one layer. Note also that the A3-Best would still need to be configured separately for each target frequency.
· Alcatel-Lucent: A3-PCC is for Inter-frequency Mobility. For CC addition, A4 is better candidate.
· Motorola: Agree that A3-best is not needed.
· ITRI: We think A3-best is not needed. We also think we do not need other new A3 related events.
2.1.3.5 A3-Worst
Description:
Serving cell corresponds to worst component carrier (within the UE).
This is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period [4].
Note that a similar mechanism is already used in UMTS.
Potential use cases: 
· CC addition 

· CC replacement: Replace one of the configured CCs by the measured neighbour cell (possibly the worst CC would be replaced).
Benefits: 
· Potentially reduced reporting overhead compared to A4 events as a report would only be triggered when the quality of a neighbour exceeds the quality of the worst already configured CC.
Comments: 

· LG: [CC addition] A3-worst seems to serve this purpose well. No sophiscated selection of offset would be required. 
· LG: [CC replacement] If we keep CC set of UE as best as possible, it seems reasonable to replace worst CC first when better new CC is identified. A3-worst is best fit to this. 
· QC: Not needed. For CC replacement, multiple instances of A3-configurable should do the same job as A3-worst with the same signalling from the UE. We need to understand better how A3-Worst reduces the number of measurement messages sent from the UE. For CC addition, event A4 should be the baseline. 
· Huawei: It is complicated if both A3-Best and A3-Worst are introduced for Mobility and Carrier Management separately. We prefer use A4 for CC addition and CC replacement.
· MediaTek: A3-Worst can be useful for Secondary CC replacement.
· Ericsson [CC replacement]: Note that depending on the UE capability it may not be possible to replace any (the worst) configured component carrier by any non-configured component carrier. Example: The UE uses PCC+SCC1+SCC2 and has an A3-Worst event configured for another object (candidate SCC3). Depending on supported band combination, the UE might be able to use SCC3 instead of SCC2 but it might not be able to use SCC3 instead of SCC1. In other words, the UE may be able to run PCC+SCC1+SCC2 or PCC+SCC1+SCC3 but not PCC+SCC2+SCC3. Consequently, a report should not be triggered when SCC3 becomes better than SCC1 but only when SCC3 becomes better than SCC2. MediaTek: The example shared by Ericsson can refer to UE hardware capability, e.g. for UE which can only perform CA over contiguous CCs (using a single but wider FFT to receive two contiguous CCs, such as Option A UE architecture identified in TR 36.912), a non-contiguous CC cannot be used for replacement.
· ZTE: A3-Worst could be a trigger more for CC replacement than for CC addition (although a neighbour cell gets better than the worst serving CC, there might be not need to add another CC…). In any case, considering that other solutions are available for CC addition (e.g. A4, A3-PCCor A3-Configurable) and CC removal (e.g. A2), the real benefit to introduce this aggregated event should be carefully evaluated.
· Intel: It seems that using Ax-worst can reduce the number of individual Ax measurement IDs to be configured. However, function wise, it could be replaced by baseline individual Ax. FFS whether the saving justifies the use of such an extension.
· RIM: A4 can be used for CC addition. For CC replacement, it is not clear if A3-Worst will reduce the number of measurement report although it reduces the number of configured measurement identities.
· Nokia&NSN: This also needs a target frequency, so it is not so easy to say that A3-Worst would reduce reporting overhead. We are wondering what is additional benefit in addition to A1/A2 events?
· Alcatel-Lucent: We see usefulness of A3-Worst for CC addition and CC replacement.
· ITRI: We think A3-Worst is not needed because the CC replacement could be done by A4 (addition) and A2 (removal).
2.1.4 Event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2)
To be added. 
QC: We can wait for discussion on event A3 to conclude first, before discussing A5.
Intel: Agree with QC. Extensions agreed on A3 can naturally carry over to A5.
RIM: Agree with QC.
2.1.4.1 A5-PCC
Description:

The serving cell on the PCC is used as reference for inter-frequency A5 Events. The PCC is configured by the NW and does not change without a reconfiguration [2]. In order to support PCC Management or Intra-frequency Mobility an A5-PCC could be configured for a serving cells and compare its quality against the PCC.
Potential use cases: 

· Inter-frequency Mobility: Mobility to a frequency that does not correspond to a configured CC.

· Intra-frequency Mobility: 

· CC addition: A new CC can be added as another SCC or as the new PCC.

· PCC Management within configured set.

Benefits: 

· Does not require specifying the reference explicitly.

· Reduced reporting overhead compared to individual A5 for each configured CC measurement for mobility.

Comments:
· ITRI: We only need to specify the reference/serving cell referring to PCC. We do not need a new A5-PCC event.
2.2 Use Cases
2.2.1 Measurement Activation
Inter-frequency or inter-RAT measurements and corresponding measurement gaps should be configured when the quality of the configured carriers falls below a certain threshold. Above a threshold, inter-frequency measurements and in particular inter-RAT measurements may not be needed.
1) A1-Best and A2-Best could be used to realize such behaviour with little reporting overhead.

2) An A1 or A2 event configured for the PCC could be used for this purpose which is in line with the decision to base RLF detection on the PCC (MediaTek).
3) Comments:

4) ZTE: Individual A1 and A2 events seem necessary and sufficient. A1/2-best/worst events are not sufficient (and possible benefit on reduction of reporting overhead is questionable). In this way we could avoid additional complexity in the UE and restrictions on required functionalities.

2.2.2 Mobility

2.2.3 Comments:

2.2.4 Intel: CA Stage-2 CR states that “At intra-LTE handover, RRC can also add, remove or reconfigure CCs for usage in the target cell”. There may be no need for any new extension, i.e., the events used for various mobility cases below can be simply reused to support this advanced feature. However, it is worthwhile mentioning such SCC management at handover, just for completeness.

2.2.4.1 Intra-frequency Mobility

This is a handover to a cell on an already configured component carrier. Due to the handover, the connection to all currently configured cells would be lost but it may be possible to find cells corresponding to at least some of the other configured CCs.

1) Intra-Frequency Event A3 can be used to identify non-serving cells with good quality on already configured component carriers.
2) A3-PCC if it is decided that the event evaluation can include serving cells on SCCs (MediaTek).
3) A5-PCC if it is decided that the event evaluation can include serving cells on SCCs.
2.2.4.2 Inter-frequency Mobility

This is a handover to a cell on a not yet configured (component) carrier. Due to the handover, the connection to all currently configured cells would be lost but it may be possible to find cells corresponding to at least some of the configured CCs. Anyway, the fact that there is one carrier with good quality does not necessarily mean that the overall throughput will be better after the handover. As part of the inter-frequency mobility also the PCC may change. 
An inter-Frequency Event A3 can be used to identify cells on not yet configured component carriers which could be used after performing a handover.
1) Event A3-Best provides good indication that there is a cell which provides better quality than any of the currently serving cells. [MediaTek] Agree. However, such indication cannot be used to trigger handover since PCC is the reference CC for RLF detection, which may not be the best CC.
2) In scenarios where the primary component carrier is the cell with the best quality, A3-PCC provides the same indication. In other scenarios it might trigger measurement reports unnecessarily early. [MediaTek] Handover measurement reports should be triggered by signal quality of PCC, not the best CC. Therefore, A3-PCC triggers such reports at more accurate time compared with A3-Best.
3) Comments:

4) ZTE: we support the idea to have an inter-frequency A3-like event. This should be either A3-PCC or A3-Configurable (A3-Best seems not necessary). At the same time a new mechanism (i.e. a new measurement event) might be needed to support PCC Management.
2.2.4.3 Interference Management

Interference management can be seen as a trigger for mobility: In order to avoid excessive interference towards neighbouring cells, the eNodeB should consider performing a handover or disabling transmission on a certain component carrier when the path loss to the two cells is similar. 
1) Intra-frequency measurements and in particular the already agreed intra-frequency A3 event are the most important tools for detecting such conditions.
2.2.5 Carrier Management

[MediaTek] CC addition/removal should only for Secondary CCs, as Primary CC cannot be added or removed. [Ericsson] Please see the additions made below. We think that a newly added CC could become the new PCC and that the current PCC can be removed if a new PCC is specified at the same time.
2.2.5.1 CC addition
The cell corresponding to the added component carrier can be used in addition to the already available serving cells. Therefore, the throughput can potentially be increased by adding another carrier unless its resources are already fully utilized. This covers also the case that the newly added CC becomes the new PCC.
1) Event A4 (Neighbour becomes better than threshold) can be used to add component carriers based on absolute quality of the carrier (i.e. include all carriers with a sufficient quality). However, the number of generated reports might be high.

2) At least A3-Best but also A3-PCC can be used to add component carriers which have a quality comparable (with an offset) to the current serving cell.
3) Similar to A3, event A5 (Serving becomes worse than threshold1 and neighbour becomes better than threshold2) can be used.
4) New Event C1 (Best N CCs are identified) [7]. It is noted that best M reporting concept is already used in CQI reporting at L1. Ericsson: We don’t see the need for such an event. The eNodeB can at any time request a single or a periodic report in order to obtain information about the cells seen by the UE on a particular carrier.
5) Intel: A3-Worst is mentioned earlier for this purpose and should be included here for consideration.
6) Comments:

7) Huawei: Measurement reporting for CC addition is only related with the aggregate-able but non-configured CC on the inter-frequency. There is no need to measure and report the other neighbour cells on that frequency layer. For decreasing the number of reporting, it would be considered to allow eNB indicate the PCI of the aggregate-able but non-configured CC in the inter-frequency measurement objects for the UE.
8) ZTE: A4, A3-PCC or A3-Configurable and A5 events could be used for CC addition. Other events (like A3-Best) are not required.
2.2.5.2 CC activation

1) Event A1 can be used to detect that the quality of a configured SCC is good enough to activate it.
2.2.5.3 CC removal
This covers both, the case when an SCC is removed and the case when the PCC is removed. For the latter, a new PCC must be defined. This may be realized by a PCC change during which an SCC is removed. 
1) Event A2 (Serving becomes worse than threshold) can be used to remove component carriers based on absolute quality of the carrier (i.e. exclude all carriers without a sufficient quality).

2) “Inter-frequency event A3” (Neighbour becomes offset better than serving – see section 2.1.3) can be used to remove a component carrier when a neighbour cell on the same carrier is better than the current cell

2.2.5.4 CC replacement
Simultaneous addition and removal, i.e., replace one (potentially the worst) CC by a new CC.
1) The events listed for addition and removal can be used. 

2) A3-Worst (see section 2.1.2.3) can be used for exactly this purpose. 
3) New Event C1bis (best N CCs becomes different from previously reported best N CCs) [7]. 
4) Comments:

5) ZTE: the real benefit to introduce the aggregated A3-Worst event only for simultaneous CC addition and CC removal should be carefully evaluated.
2.2.5.5 PCC Management
(Proposed by QC)
Keeping the PCC as much as possible to correspond to the best configured CC. This is useful because RLF is based on PCC, and letting PCC correspond to non-best CC increases the chance of RLF. Also, it is desirable from UL interference point of view to use best UL CC as UL PCC, in order to reduce the overall interference generated on the UL. PCC change need not result in “handover”, but rather just PCC reassignment within the CCs configured by the same eNB..
1) Event A2 configured for a PCC and can be used to trigger measurement reports for PCC change.
2) Intra-frequency A3-PCC and A5-PCC can be used to change PCC to another configured CC which has better quality then current CC.

3) Inter-frequency A3-PCC and A5-PCC can be used to change PCC to a frequency which does not correspond to a configured CC. [Ericsson] We see this as special case of the Inter-frequency Mobility.
4) Comments:

5) [ZTE] Agree, some new measurement events might be needed for PCC management.
6) [Intel] This section is needed given the agreement on PCC. We may need to reconsider/clarify the notion of “neighbour” defined for each event. Previously it seems all active CCs are considered serving cells and others are considered neighbours. If eNB switches PCC to another active SCC, it implies that target SCC should be considered a “neighbour” in the associated event definition? We think the Comment 1 from MediaTek below is reasonable. Also whether PCC change will result in “handover” or not probably should be in a different discussion, related to whether special cell equals PCC.
7) [RIM] Agree with QC’s comments that PCC management is important to minimize RLF as well as UL interference. PCC change among the configured CCs should not result in ‘handover’ and any interruption caused by PCC change among the configured CCs should be minimized.
8) [Nokia&NSN] To us it seems quite natural that PCC is considered similar to REL8/9 serving frequency and so far at least existing events have been enough to handle mobility of serving frequency in REL8/9. Why wouldn’t that be enough also for PCC?
3 Summary and Conclusions
In the scope of this email discussion companies examined the need for further (generalizations of) Measurement Events by mapping them to a list of Use Cases. 
· Almost all companies think that events A1 and A2, in particular when configured for (the serving cell on) the PCC, provide sufficient information for Measurement Activation (enabling and disabling inter-RAT and inter-frequency measurements). 
· The proposed events A1-Best and A2-Best are not regarded necessary for this purpose. 
· Also companies did not see a need for A2-Worst. 
· Companies think that the already agreed A3-Intra-Frequency events are useful for Intra-frequency Mobility, i.e., for reporting about neighbour cells on an already configured component carrier (frequency). 
· Companies seemed to agree that an A3-PCC (a cell on an object not corresponding to a configured component carrier becomes better than the serving cell on the PCC) provides efficient means for supporting Inter-frequency Mobility and CC addition. Several companies proposed that A3-PCC or A3-Configurable should include serving cells on an SCC in the event evaluation. Such events would e.g. trigger reports when a serving cell on an SCC exceeds the quality of the serving cell on the PCC. Some companies regard this as important input for PCC Management (PCC Change). If such a solution is agreeable, it should be discussed, if this behaviour should be configurable (e.g. serving cells + neighbours; serving cells only; neighbours only) or not.

· Most companies think that A3-Best does not add substantial benefit over A3-PCC and that it is inferior in several aspects. 
· Several companies think that A3-Worst could be used efficiently for CC addition and CC replacement but most of them think that the benefit over A3-PCC or A3-Configurable is small. 
· Most companies think that solutions agreed for A3 should also be applied for A5.
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5 Detailed Comments

This section lists detailed company comments.
Comment 1 [MediaTek] - 2010-03-25
The following terminologies with ambiguous definitions are used in the discussion paper. Suggest clarifying definitions of these terminologies:

· Intra-frequency handover/measurement: 

· [Definition used in this paper] Handover/measurement to any frequency which corresponds to a configured CC.

· [Suggested new definition] Handover/measurement to a frequency which is identical to current frequency.

· Inter-frequency handover/measurement:

· [Definition used in this paper] Handover/measurement to a frequency which does not correspond to a configured CC.

· [Suggested new definition] Handover/measurement to a frequency which is different from current frequency.

· Configured CCs:  

· Only valid within the serving eNB of the UE. 

· All carriers of neighbour eNBs are un-configured CCs to the UE, although they may locate on the same frequencies as the configured CCs at the serving eNB. 

· During handover, pre-configured CC by the target eNB may be considered as configured CC for the UE.
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· Serving cell/neighbour cell of a measurement object: In Release 8/9 without carrier aggregation, there is no ambiguity in the definition of serving cell and neighbour cell. However, in Release 10 with carrier aggregation, an UE may be attaching to multiple cells of different Configured CCs of the same eNB. In this case, “serving cell” should refer to the cell on PCC. Therefore, to avoid ambiguity, we suggest the following changes to be discussed and considered for Release 10:

· “Serving cell” of a measurement object is suggested to be renamed to “reference cell” of a measurement object. (or other unambiguous words)

· “Neighbour cell” of a measurement object is suggested to be renamed to “compared cell” of a measurement object (or other unambiguous words).

Comment 2 [Nokia&NSN] - 2010-03-31
At least to us it seems that current agreements of new events provide sufficient baseline and not really anything extra is required in addition to already agreed event A1/2&3 extensions. Even usefulness of extension of A1 is questionable as it is not really clear what is additional benefit of it compared to REL8 event A4.
Comment 3 [ITRI] - 2010-04-03

So far we do not see any new event needed. We propose that for A3 inter freq object and for A5 inter freq object, the serving cell refers to PCC.
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