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1 Introduction 

In the present contribution, we analyze the Rel-8 measurement model in order to identify aspects that may need further consideration when Carrier Aggregation is introduced in Rel-10. 

Rel-8 measurement triggers define a sound basis also for Rel-10, but some clarifications are needed particularly since a Rel-10 UE can now be “served” by multiple DL Component Carriers.  
2 Discussion 
Measurements for Carrier Aggregation were discussed at RAN WG2 #68, and the following initial agreements were made: 

	Agreements:

1:
UE sees component carrier as like any other carrier frequency.  Measurement object need to be set up for a component carrier in order for the UE to measure it.

2: 
All the carrier frequencies not currently configured as a CC are considered under the definition of inter-frequency neighbour measurement (i.e. do not have a serving cell for measurement purposes).


In addition, a mail-discussion was started on the RAN2 mail-reflector ‎[2], with the intention to analyze the need for measurement report triggers for Component Carriers (CCs). 
2.1 General modeling aspects

Parts of the RAN2 #68 discussion focused on whether a UE should perform measurements on carriers (component carriers) or not, and whether measurements could be configured on any such carrier. Pending possible future RAN1 agreements on the support and characteristics of extension carriers or segments, we here assume that all carriers are measurable, and suggest returning to this issue if non-measurable carriers are introduced.

We note that already in Rel-8, a UE is required to measure on a measurement object, regardless of whether the carrier is intra- or inter-frequency. Thus, also in Rel-10, we assume that a UE is required to perform measurements on a carrier (=object), regardless of whether the UE has a configured and/or activated component carrier on that object. 

While the first agreement above from RAN2 #68 appears to capture this view, we would like to confirm that this is the common understanding shared by RAN2 through the following proposal:

Proposal 1 We suggest RAN2 to confirm that, like in Rel-8, a Rel-10 UE is required to measure on any configured measurement object, regardless of whether the UE has any configured Component Carrier on the object. 

Depending on the activity on a carrier, RAN4 may further define different measurement accuracy requirements (similar to the DRX-dependent requirements of today):
Proposal 2 RAN2 assumes that RAN4 may define different measurement accuracy requirements, depending on whether a CC is configured and/or activated on the measured object. 
Similarly, we expect RAN4 to conclude whether a UE needs to support measurements with or without gaps on combinations of carriers.

2.2 Reporting triggers 

In the following, we make an analysis of the Rel-8 triggers in order to identify what updates and clarifications that may be needed in Rel-10. 

As a general rule, we think that all Rel-8 event triggers should be available for Rel-10 measurement objects. We have not found any reason why any of the Rel-8 triggers would turn obsolete when CA is introduced in Rel-10, particularly since Rel-10 UE:s will often be operated in single-carrier mode:  

Proposal 3 All Rel-8 event triggers shall be available also for Rel-10 measurement objects. 

However, since a Rel-10 UE may now be configured with multiple Component Carriers, there is a need to clarify some aspects in relation to the triggers. For convenience, we list the existing triggers below:  

E-UTRA triggers:
Event A1:
Serving becomes better than absolute threshold;

Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than serving;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
Serving becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

Inter-RAT triggers:

Event B1:
Neighbour becomes better than absolute threshold;

Event B2:
Serving becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.
For the triggers, the main issue that distinguishes Rel-10 from Rel-8 is the fact that a UE may be “served” by multiple DL carriers. 

2.2.1 Events A1 and A2

In Rel-8, A2 can be used for identifying conditions when e.g. inter-frequency or inter-RAT measurements should be started. Similarly, A1 can be used for identifying when those measurements should be stopped
. 
One such configuration is schematically illustrated below: 
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The triggers will serve the same purpose also in Rel-10. In Rel-10, triggers A1 and A2 can also be useful for carrier management, i.e. to support decisions of when to add, remove, activate, de-activate, and change the “Special” cell. 
For A1 and A2 in Rel-8, the word “Serving” refers to the Serving Cell, which is unique in Rel-8. This means that in Rel-8, events A1 and A2 can be configured for one object only – the serving frequency. In Rel-10, the UE may now be “served” by many DL CCs. Ignoring the terminology issue for now (i.e. the meaning of the word “Serving”), we note that for Events A1 and A2, it appears rather straightforward to extend the trigger availability to multiple objects, such that A1 and A2 are available for any configured CC: 

Proposal 4 In Rel-10, events A1 and A2 shall be available for each Configured CC.

However, for the common use-case above concerning enabling or disabling inter-frequency or inter-RAT measurements (e.g. prior to inter-RAT handover at the LTE coverage border), a separate trigger on each configured CC will result in quite a number of measurement reports. The decision for preparing for an inter-RAT handover would typically be that all CC:s are getting too weak. This condition could of course be derived in the eNB from separate reports triggered from each object, but such a solution will result in extensive measurement reporting. Another approach is to introduce aggregated A1 & A2 triggers that evaluate the A1 and A2 criteria over all Configured CCs. The difference between the two approaches is illustrated below: 
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Here, we have four CCs configured to a UE, each of which is configured with an A2 trigger. As the UE moves out from LTE coverage, we will then have four subsequent A2-triggers fulfilled resulting in several measurement reports. Even more frequent reporting conditions can easily be anticipated where a UE moves along the carrier coverage borders, with repeated fulfillments of the A1 and A2 conditions (possibly including both entering and leaving events) on the individual carriers. This could lead to quite extensive reporting, see below. 
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These CC-specific reports can be useful for CC management, but when it comes to performing e.g. Inter-RAT measurements and handover, it is the final event that is the interesting one, i.e. to identify conditions when the UE is about to loose LTE coverage. 
Therefore, we foresee benefits in also defining aggregated A1 and A2 triggers that are fulfilled only if the triggering conditions are fulfilled for the group of configured CCs. Such triggers could be formulated e.g. as follows: 

· Event A1-bis: Any configured CCs become better than absolute threshold;
· Event A2-bis: All configured CCs become worse than absolute threshold;
In both cases above, the bis-triggers above evaluate the “best configured CC” against an absolute threshold, where A1-bis can be used as an indication for when e.g. inter-RAT measurements can be stopped, and A2-bis can be used to indicate when a UE is loosing LTE coverage with its currently configured CCs. This is illustrated below: 
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Note the difference between A1-bis and A2-bis: A1-bis is formulated such that any CC is “good enough” to ensure LTE connectivity, while A2 is formulated such that all CCs are getting so bad, that LTE connectivity is threatened. 
Proposal 5 Introduce triggers A1-bis and A2-bis in Rel-10 as described above. 
It is worth observing that booth A1 and A1-bis (and A2 & A2-bis, respectively) are equivalent and Rel-8 backwards compatible in a single DL carrier operation.

2.2.2 Event A3

Rel-8 A3 is a relative event, where a Neighbor Cell
 is compared against the Serving Cell. In Rel-8, the relative comparison of neighbors is thus always taken against the strength of one unique cell. 

Trigger A3 is very useful for mobility decisions, and should thus be supported in Rel-10. In Rel-8, A3 is available both for intra- and inter-frequency objects. Phrased in terms of relevant use-cases (like in [‎[1]]), A3 is needed to support both Horizontal and Vertical Handovers, where the first case is over a frequency layer, and the second is between frequency layers, as depicted below: 
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In the ongoing mail discussion at the RAN2 reflector ‎[2], several companies have identified the need to support A3 comparisons within the frequency layers on objects with configured CCs: 


[image: image6.emf] 

Object 2  

Object 1  

CC   Neighbour  

Neighbour  

CC  

A3  

Rel - 10  

A3  

Object 3  

Neighbour  

A3  

CC  


Except for mobility, such intra-frequency comparisons can be useful e.g. for identifying neighbors where a UE might introduce strong interference. 

Proposal 6 For intra-frequency measurements, A3 is evaluated for the Neighbor and the CC on that object. 

However, for inter-frequency A3 events, it is not that obvious which CC the event should be triggered against: 
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Comparing the A3 event of Object 4 against each configured CCs could easily lead to a flood of unnecessary measurement reports that would typically be triggered pretty close in time e.g. when the UE moves away from the eNB that is currently serving the UE. Therefore, we suggest that A3 events of inter-frequency objects should only be triggered against one “measurement reference CC”, which is one of the configured CCs: 
Proposal 7 For inter-frequency measurements, A3-type of events are evaluated such that the Neighbor on the object is compared with “measurement reference CC”, which is one of the configured CCs. 

One way to realize ‎Proposal 6 and ‎Proposal 7 in practice is to specify the “reference CC” of a single A3-event, depending on whether the object of the neighbor has a CC or not. However, such a single A3-event would not provide the possibility for “cross-carrier” comparisons like 
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since Neighbors on Object 1 would always be compared with the CC on the object, if present.  

Inter-frequency comparisons between carriers with CC:s could be needed e.g. in the following scenario, where a UE is having two CC:s (say 700 & 1900 MHz): one with large coverage, and another with much smaller coverage (controlled by eNB(1)). Assume further that another eNB (2) is controlling only a smaller cell (1900 MHz), without any 700 MHz in use. Without any inter-frequency trigger for this case, it might be difficult to detect the CC controlled by eNB(2) for handover purposes, as illustrated below: 
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We therefore propose to define a new A3-type of trigger as follows: 

Proposal 8 Introduce a new trigger A3-bis, where the neighbor is compared to the “measurement reference CC”.

2.2.3 The “measurement reference CC”

Several solutions for how to define the “measurement reference CC” can easily be anticipated. The reference could be tied to an “anchor” or “special” cell, or it could be semi-statically configured by RRC. However, considering the inter-frequency handover use-case, we find it most important to trigger a report when a UE is loosing coverage on its current carriers: 
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Having a fixed or semi-statically configured reference does not offer the desired behavior at times when the strongest CC changes. We therefore suggest that the inter-frequency A3 should be triggered only when all CCs are getting worse than the neighbor: 
Proposal 9  “Measurement reference CC”, is the best CC among Configured CCs.

Note that this suggestion is aligned with the suggested A1/A2-bis triggers, which also trigger when conditions related to the best CC are fulfilled. Note also that event triggering against “the best cell” is a well-known approach from UTRAN. 
2.2.4 Event A4

In Rel-8, trigger A4 can be configured both for intra- and inter-frequency objects. The trigger can be useful for carrier management, in particular. We have not found any needs for clarifications or updates w.r.t. to A4 when CA is introduced in Rel-10. The trigger should also be available for any E-UTRA objects in Rel-10, regardless if the object is intra- or inter. 

2.2.5 Event A5

As for A3, the Rel-8 A5 event includes an evaluation of the Rel-8 Serving Cell. When the Rel-10 UE is now “served” by many DL CCs, the same “ambiguity” as discussed for A3 now arises. In analogy with the reasoning for A3, we therefore suggest that A5-evaluations configured on an object that includes a configured CC (intra-frequency) should be performed within the frequency layer, while A5-type of evaluations on “inter-frequency” objects should be compared against the “measurement reference CC”: 
Proposal 10 For intra-frequency measurements, A5 is evaluated for the Neighbor and the CC on that object. 

Proposal 11 For inter-frequency measurements, the A5-type trigger is evaluated for the Neighbor on the object, and the “measurement reference CC”.

Following the reasoning related to Event A3, we prefer to define a separate A5-bis trigger for inter-frequency measurements, as follows: 

Proposal 12 Introduce a new trigger A5-bis, where the neighbor and the “measurement reference CC” are evaluated. 

2.2.6 Events B1 and B2
Inter-RAT event B1 is unaffected by the introduction of CA, as the measurement is solely concerned with the inter-RAT object. However, B2 includes an evaluation of the Rel-8 Serving Cell. In analogy with A3 and A5, this issue calls for a clarification: 
Proposal 13 B2 is evaluated for the Neighbor on the Inter-RAT object and the LTE “measurement reference CC”.

3 Summary
In the present contribution, we have analyzed the Rel-8 measurement model in order to identify what updates are needed in Rel-10 when Carrier Aggregation is introduced. Rel-8 measurement triggers define a sound basis also for Rel-10, but some clarifications are needed particularly since a Rel-10 UE can now be “served” by multiple DL Component Carriers. 

In addition to extending “intra-frequency” measurement triggers to each CC, we also suggest RAN2 to consider introducing aggregated triggers, where the trigger evaluation is performed towards the “best CC”. This concerns A1- and A2-type of triggers, but it is particularly relevant for A3- (inter-frequency), A5-, and B2-type of triggers, where an evaluation against all configured CCs could result in a flooding of unnecessary reports. 

Our preferences are expressed through a number of proposals that we kindly ask RAN2 to consider. 
4 References

[1] R2-096800, “Measurement considerations for multicarrier operation”, Source: Qualcomm Europe. 

[2] R2-100395, “[68#24] LTE: Measurements in Carrier Aggregation”, Source: Alcatel-Lucent.  

� Note that both A1 and A2 entering- and leaving conditions, respectively, resulting in some degree of redundancy already in Rel-8., A single trigger  (either A1 or A2) could therefore be used for detecting conditions for both “starting” and “stopping”.


� Note that A3 can be configured both for the intra-frequency object, or any inter-frequency object.. 
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