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1
Introduction
During RAN4 AH meeting #2010-01, need for measurement gaps with carrier aggregation was discussed when RAN4 replied to RAN2 LS [1]. RAN4 reply indicated that from hardware capability point of view UE can measure without measurement gaps such carriers that can be configured for carrier aggregation with the currently active component carrier(s). In [3] the issues regarding the measurements in inter-band non-contiguous and intra-band contiguous are discussed. As activation/deactivation of a configured component carrier was introduced in RAN2 for power saving purposes, the need and rate of mobility measurements on deactivated component carriers should be kept at low level. In the paper [3] it is further identified that when evaluating the benefit and possible impacts of performing measurements without measurement gaps, especially on adjacent on component carriers, the rate and need of measurements should be well understood. This will have implications to the overall feasibility activation/deactivation from power consumption and system performance perspective. Thus it would seem imperative that RAN4 considered and evaluates the mobility measurements in context of carrier aggregation. In this contribution we look at the scenarios proposed in [4] and consider how the scenarios indentified could be used for further analyses.
2
RRM Requirements for Carrier Aggregation
Currently, the RRM requirements specification 36.133 [1] contains the following requirements for mobility:

1. Idle state mobility requirements 

2. Connected state mobility requirements (mainly handover interruption time)

3. Mobility control: RRC re-establishment timing requirements, 
4. measurement availability accuracy requirements
All these requirements relate to the UE mobility and aim to set requirements related to it. This partition would seem fully applicable from carrier aggregation perspective, but it would be good to consider whether carrier aggregation would set new requirements or allow some relaxations or simplifications to the existing requirements. 
2.1
Measurement and Mobility Requirements
Since the use cases for carrier aggregation have not really yet been identified, apart from the generic requirements for increased data rates, the discussion of the RRM requirements for carrier aggregation has not yet fully started in RAN4. One essential question is that what kind of measurements are needed in order to fulfill the RRM requirements for realization of carrier aggregation?

When looking at this we need to take into account what measurements are already available and what can be assumed of those measurements. For example, it could be good to distinguish two use cases for measurements:
· First use case is the general mobility performance and the measurement performed in order to fulfil these, which aims to ensure that UE’s are connected to a suitable cell in order to have some minimum level of service. There are separate requirements for intra- and inter-frequency measurements in Rel’8/9 since UE is not expected to measure all possible carriers, and the inter-frequency measurement requirements are downscaled based on number of measured frequencies. How these will be mapped to carrier aggregation mobility measurements is something that should be studied, but we see that both requirements would still be needed.
· Second use case is introduced by the carrier aggregation and the possible need of additional measurements to support this feature – e.g. decisions related to carrier activation and deactivation of CCs. Measurements are needed here to allow efficient radio resource management (RRM) 
The first use case, mobility support, is of course time critical from end user experience perspective. However, according to evaluations of possible mobility enhancements that have already been carried out in RAN4 and in other working groups, it would appear that existing mobility support should be sufficient for covering mobility support even when carrier aggregation is configured. However, RAN4 should re-evaluate the mobility measurement requirements for component carriers: While it is reasonable to consider to have intra-frequency measurement requirements for active component carriers, measurements non-configured or deactivated component carriers could be done according to inter-frequency requirements. It would be essential to evaluate this also in scenarios more specific to carrier aggregation, to understand how frequent measurements of other component carriers are needed, especially in case where the coverage is not the same on each component carrier. Also, just as in Rel’8/9, it should be considered what DRX operation impacts to measurement requirements are and whether the existing requirements could apply also for carrier aggregation.
The second use case, component carrier management, is new to carrier aggregation. As the intention of carrier aggregation is to provide improved data rates to the end user, it would be necessary to understand e.g. how much information is needed from configured component carriers in order to enable proper RRM control. The deactivation of component carriers is the easier case, since a UE active in CCs could be consider to provide regular information on those carriers just as in Rel’8/9. But the question of activation needs more study. It should be understood what measurements are necessary from a deactivated component carrier, to enable feasible activation of it. It should be identified how frequently should the inactive CCs need to be measured, i.e. could the inactive CCs be measured according to inter-frequency measurement requirements, for example. Also, some information can be deduced based on the active component carriers: thus it would seem fair to evaluate to which extent actual measurements are needed from inactive carriers. The answers to these questions are of course highly dependent on the assumed scenario
In addition to the considerations above, it should be kept in mind that in order to retain fast carrier activation/de-activation usefulness, UE should be allowed to maintain reduced activity on deactivated component carriers to minimize UE power consumption for deactivated component carriers. Also, it should be noted the RAN2 decision on having activation/deactivation expressly indicated that the activation/deactivation was agreed with the intention of providing better UE battery saving potential.
2.2
Serving Cell Definition
The question of serving cell needs further thought in carrier aggregation, since in contrast to Rel’8/9 UE may be monitoring PDCCH from several cells from the same eNB at a time. Since Rel’8/9 assumes single serving cell, it would be good to consider the use of a primary component carrier in context of the mobility and component carrier management related discussions. Primary component carrier here means that there is one component carrier that is acting similarly as serving cell in Rel’8/9, i.e. active all the time and RRC measurement events can be configured for that cell. Such a concept has already been discussed in RAN2, where there have been discussions on the concept of a primary CC (PCC) for carrier aggregation [5]. Since RAN2 has also agreed to preserve the REL’8/9-compatible operation, it would appear that the primary CC could be utilised as the serving cell (similar to REL’8/9) in carrier aggregation cases. This is because

· The PCC is always active, so measurement results of PCC should always be available, similarly as with serving cell in 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 those events.

· Changing PCC could be easily be performed with a handover, which is similar to serving cell change in REL’8/9

However, RAN2 has also been discussing extensions to the existing measurements events to better support the component carrier management (i.e. activation/deactivation of CCs) in certain scenarios. The discussion is still ongoing in RAN2, so it remains to be seen what the final outcome of these discussion.
2.3
Mobility Scenarios

In [4] and [6], four different scenarios were proposed for studying both activation/deactivation and mobility in carrier aggregation. These scenarios are reproduced here in Table 1. Of these, Scenario 4 from [6], was agreed to be deprioritised in RAN2#68bis and is therefore not considered in details in this contribution. However, the same considerations as presented in this document should also apply for that scenario, with the only open question being whether there is any additional work required for Scenario 4. Thus for the moment, it is proposed that to progress the RRM work, RAN4 also focuses on the first three scenarios.

Table 1. Carrier aggregation deployment scenarios 1-4 (F2 > F1).
	#
	Description
	Example

	1
	· F1 and F2 cells are co-located and overlaid, providing nearly the same coverage.

· Both layers provide sufficient coverage and mobility can be supported on both layers.

· Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc.

· It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	· F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss.

· Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.

· It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	· F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased.

· F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.

· It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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	4
	· F1 provides macro coverage and on F2 RREs are used to provide throughput at hot spots.

· Mobility is performed based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.

· It is expected that F2 RRE cells can be aggregated with the underlying F1 macro cells.
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We see that studying these scenarios should provide good background information for requirements work, making it easier to progress the RAN4 work. We would point out that focusing on Scenarios 1-3 should not prevent work on Scenario 4 (and possibly even other scenarios that are decided to be not covered by these), if clear justification is provided on why there are different issues that can’t be studied in Scenarios 1-3. 
If we consider the Scenarios 1-3 to be the basis for further CA scenario studies, at least following this should be taken into account in the RAN4 studies utilising these scenarios:

1. How are the measurement requirements affected by the number of configured or active CCs?

2. Are there different requirements for active and inactive CCs? E.g. intra-frequency measurements for active CCs and inter-frequency measurements for inactive CCs?
3. Are there different requirements for mobility measurements and activation/deactivation measurements?

Note that for simplicity, each of the scenarios discussed here (and hence, in [4]) only considers two CCs, but the conclusions drawn here are not limited to only two CC cases. Furthermore we assume that UE capabilities would allow carrier aggregation with the discussed component carriers. Note also that the usage of measurements in these scenarios is further discussed in [7]. 
3
Possible Studies for evaluating the measurement requirements
In previous section we discussed the scenarios 1-3 from [4], looking for possible areas of interest from mobility and component carrier management perspective. In this section we try to identify some possible study items in those cases, and discuss what kind of currently open questions we see would need to be studied in RAN4.
Throughout this chapter, we assume that one of the CCs is a primary CC that is always active and measured according to Rel’8/9 requirements. Whether other CCs are active and have the same requirements is one the questions that RAN4 should study. 
3.1
Study Questions for Scenario 1 
In this case, there are two CCs with roughly equal coverage. This is most likely an intra-band carrier aggregation case, e.g. 20 MHz + 20 MHz in adjacent carriers.
Since in this scenario the coverage in both frequency layers is assumed to be roughly the same, we would conclude that Rel’8/9 mobility requirements can be applied for this case, i.e. there is no need for stricter requirements. Mobility can be achieved by tracking only one layer, and there are no obvious benefits from tracking mobility in both layers and such parallel mobility operation would also be more costly for UE power consumption, assuming one carrier was deactivated. Hence, the measurement requirements for non-activated CCs could be clearly looser in this case, but RAN4 could study better how much the requirements could be loosened. Hence, for this scenario, it is expected that same mobility requirements as in Rel’8/9 would be sufficient.
Measurements are also needed for component carrier management, i.e. activation and deactivation of component carriers. The requirements for these measurements may not be as important in this scenario as in other scenarios: With equal coverage for both CCs, it is likely that the activation/deactivation measurements could have quite loose requirements and still enable efficient component carrier management. Hence, we feel that a study of whether looser requirements for CC management measurements would still provide good performance could be done in RAN4.
Finally, for performing measurements without measurement gaps, the need for RF retuning gaps is one aspect that is especially relevant for this scenario, and could be studied with simulations. See [3] for more details and discussion on this subject.

Hence, we propose that assuming different approaches for CC activation and mobility managements, the need of measurements for deactivated carriers and their impact to measurement procedures and UE power consumption should be evaluated.
3.2
Study Questions for Scenario 2
This scenario differs from Scenario 1 in that the two CCs don’t have the same coverage. This scenario can be viewed in several ways, but we see that there are fundamentally only two different cases to consider in evaluations (depicted from one UE’s point of view):
1. UE is operating only on CC1 (i.e. CC on f1) or on CC1 and CC2.
In this case, e.g. the following questions could be studied:

a. How often does CC2 need to be measured and reported so that eNB is able to activate or deactivate it when needed? I.e. What would be a suitable measurement requirements for e.g. CC2 measurement period so that CC2 can be activated when necessary?
b. Is there use in having mobility measurements operating on both CC1 and CC2? Would the measurement requirements be the same in both CCs, i.e. could mobility still work just as well as in Rel’8/9, even it mobility was primarily based on measurements from only active CCs? What would be suitable measurement requirements for deactivated CCs? 
c. Assuming UE is using both CC1 and CC2, when should UE be ordered do a PCC handover (i.e. change of PCC via handover)? Would the requirements for such a handover be different than those for handovers in Rel’8/9?

2. UE is operating only on CC2, i.e. CC on f2.

In this case, e.g. the following questions could be studied:

a. How is the running out of coverage detected in CC2? I.e. how should UE measure and report CC1 so that eNB can activate CC1 in time before CC2 coverage runs out?

b. Is there a benefit from mobility measurements on CC1? Can the inactive CC be measured less often, i.e. similarly as in case above (UE operating on CC1)?

We would like to point out that these questions are not a conclusive list, but examples for some that could be discussed.

As a conclusion to the examples, we see that most questions we posed above are related to activation and deactivation of carriers. The main CC management /mobility -related question is whether there is a need to have explicit mobility-related measurements on both carriers even if one of the CCs is deactivated. Also, depending whether UE could be active on only CC2, there could be seen to be a need for reasonably frequent measurements on CC1 but the requirements could be e.g. similar to inter-frequency measurement requirements in Rel’8/9. It is also not obvious whether measurement gaps would be required in some cases, e.g. if there were more CCs than two, in which case UE might be able to simultaneously receive two CCs but not three CCs. For example in a case where there would be non-adjacent CC on other band.
3.3
Study Questions for Scenario 3
The Scenario 3 is very similar to Scenario 2, apart from the fact that the CC1 coverage does not fully overlap CC2 coverage. As CC1 still has larger coverage than CC2, and mobility could be tracked according to just CC1 layer. However, in between the CC1 sectors, where CC2 is the strongest, there could be a need to change the PCC from CC1 to CC2. Similarly as in Scenario 2, we would like to consider the following example study questions for this scenario:

a. What is the difference between having mobility based on CC1 only or on CC1 and CC2?

b. How often should UE (operating on CC1) measure CC2? The measurement reports should enable eNB to do component carrier management (activate CC2) or handover from one sector to another within CC2 should be done?

c. When should UE using CC1 as PCC change PCC to CC2 to maintain best mobility performance?

d. From RRM perspective, it would be interesting to know when the CC2 could be activated, for example to ensure good quality of service at sector borders. Therefore, the question is how often should UE operating on CC2 measure CC1, to notice when to activate/handover to CC1?

e. Assuming UE is active on CC2 only, since CC2 has very limited coverage, from mobility perspective there the question is what measurement results are necessary from CC1. Also it should be identified what required frequency of the measurements from CC1 to ensure robust mobility operation.
a. For similar reasons, to maintain service continuity, the measurements from the CC1 would be of high interest to RRM.
b. It should be also understood whether UE would ever be active only on CC2 due to its limited coverage, or whether the CC2 would be used as a ‘performance booster’ to ensure good service continuity at cell edges, with UE being always active at least on CC1?

Again, this is not an exhaustive list, since it is rather obvious that Scenario 3 is also more complex than the previous scenarios. But as a conclusion from these, the questions from mobility and RRM perspective the scenario 3 would seem to be very similar to the Scenario 2, but there are also some additional questions: For example, whether the measurements on CC2 would be mostly interesting for detecting suitable activation timing? And depending whether UE could be only active on CC2, there could be seen to be a need for reasonably frequent measurements on CC1.
3.4
General discussion on possible simulations for studies of Scenarios 1-3 
In previous sections we discussed the scenarios 1-3 from [4] looking for the possible areas of interest from mobility and RRM perspective. In this section we try to identify the possible study items for those scenarios.

As is visible in preceding sections, there are two main areas for study: Mobility measurements and activation/deactivation measurements. For the most part, mobility measurements should follow the Rel’8/9 requirements, with the exception that it could be studied whether the requirements can be loosened for CCs other than the PCC. For activation/deactivation, it should be considered both whether requirements for the measurements would be different from mobility measurements, and which measurements would follow these requirements. Also, as mentioned earlier, [3] contains more discussion on gap usage and gap patterns, which would also need to be studied.
Since the requirements are related to mobility or effects due to mobility (CC becoming better/worse and needing activation/deactivation or handover), there would be need to do simulation studies on e.g. study topics from the previous sections. Also, for mobility purposes, the simulations would likely need to be dynamic system simulations to best account the mobility effects. In the simulations there is a need to analyse how sensitive the scenarios are to different conditions and parameterisations. For example, the following effects would need consideration:

· Mobility management: Since the network can be configured according to operator needs, there is a need to do some analysis on mobility performance sensitivity to different configuration. (For example how fast the handovers are triggered, what L3 filtering is used, how are the events configured etc.)
· Service and Traffic model: Since UEs may be using very different services which may have very different QoS or delay requirements (e.g. VoIP vs. simple BE file downloading), it is not obvious which services and traffic models should be used in evaluations, and likely there could be a need to evaluate multiple ones. 
· UE velocity: Since there is interest in studying mobility performance, different UE velocities should be accounted for in any mobility studies. 
· Network load and layout: While the scenarios 1-3 roughly determine the network layout, the UE population in the network can vary (depending on the traffic in the network). Hence, probably different network load levels would need to be studied when analysing the performance requirements.
We would like to invite more discussion on these, to better agree on simulation cases, priorities for them and a timeline for completing the studies. Also, there is a need to agree on the metrics for any simulation studies so that different companies are able to provide comparable results. While there are several commonly used metrics (e.g. amount of handovers and RLFs for mobility performance, throughput and delay for QoS, etc.) we would also propose that a more in-depth discussion would be needed to agree on the suitable metrics once there is an agreement on which cases should be studied. Since there have been several previous studies in RAN4 on e.g. mobility performance, some guidelines could also be adopted from previous studies to provide comparability against the old results for Rel’8/9.
Finally, we would like to point out that there are also some additional considerations (e.g. DRX, RLF, cell search) for requirements that we have not yet considered in this document, but that are part of existing requirements already and therefore would be worth studying. 
4
Conclusion

We discussed the mobility requirements for carrier aggregation from both mobility and carrier activation/deactivation point of view. There are many aspects to consider for mobility requirements, but we see that the Scenarios 1-3 from [4] could serve as a robust baseline for evaluations of RRM requirements for CA. The discussion in this document shows that there is a wealth of questions to be answered based on only those scenarios, e.g. the question of whether deactivated carriers could be measured according to inter-frequency requirements. We would like to have also discussion on more exact studies for CA, and would propose that RAN4 tries to start the work by agreeing on some initial scenarios for studies (e.g. using the scenarios from [4]), assigning priorities to cases and providing guidance on when any simulation work on agreed cases would need to be finished. We feel that starting the discussion as soon as possible would be beneficial to get the work started.
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