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1
Introduction

In RAN1#57bis, the following component carrier type definitions were adopted to aid future discussions on carrier aggregation:
· “Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, backwards compatible carriers always occur in pairs, i.e DL and UL.

· Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 

· Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.”

The need to support backwards compatible carriers is obvious and does not require further specification. Also, non-backwards compatible carriers can be supported already with Release 8 mechanisms that can be used to prohibit camping of a UE on the CC. Hence the specification impact of non-backwards compatible is very low if any. The component carrier type requiring most changes to the specifications is thus the extension carrier. In this contribution we discuss the need of extension carriers.
2
Use cases of extension carriers
The two main use cases of extension carriers have been listed as follows:
1) Reduction of common channel overhead by not transmitting certain control channels and System Information on extension carriers. Regarding this issue RAN2 has stated in the response LS on carrier aggregation [1] that since Rel’8 mechanisms can already be used to prohibit idle mode camping on certain component carriers, only SIB1 and SIB2 would be required. Since these do not present a major overhead, RAN2 has considered that the System Information overhead reduction due to extension carriers would be only marginal. Furthermore, the overhead of synchronization signals and MIB clearly do not justify a component carrier of different type. Moreover it is noted that reducing common reference signal (CRS) overhead is not feasible since CRS will be needed for measurements, CQI estimation, potentially CC-specific timing and frequency tracking etc. even if DRS would be used for demodulation. Note that measurements are needed also to allow the eNB some information about when to configure the UE for reception/transmission on the extension carrier.
2) Providing interference management for control channels, especially in heterogeneous network scenarios.  The main idea is to build frequency reuse for control channels in order to protect them from heavy interference, i.e. by focusing the critical control signaling on more reliable, potentially less-interfered component carriers [2] and utilizing cross-CC scheduling to address the less reliable component carriers.
Since reduction of overhead is not considered any strong motivation to further consider specification of extension carriers, in the next section we focus on the interference management use case. 
3
Component carrier type for interference management
As mentioned, interference management based on carrier aggregation is considered to be the main use case of extension carriers. However we want to point out that so far there seems to be no reason to preclude usage of other CC types for the interference management purpose; no proper evaluation of suitability of other component carrier types for the use case has been made. Furthermore, the studies on interference conditions in heterogeneous networks and the techniques to deal with those conditions have basically just started; hence it is too early to state what type of CC should be defined to support any such potential techniques. Considering these facts, it seems premature to conclude on the need of extension carriers.

We agree that especially in heterogeneous networks the control channels may become susceptible to high interference [3]. However, also the data channels face the same kind of interference conditions. The coverage mismatch between control and data channels is not very large in LTE, so it is unclear whether protecting control channels by the combination of cross-CC scheduling and extension carriers is actually enough to provide sufficient PDSCH/PUSCH performance in such scenarios. It is acknowledged that for avoiding interference on the data channels PDSCH and PUSCH it is possible to utilize existing ICIC techniques or even just frequency-domain packet scheduling, so from this perspective there may be some need for additional protection of control. However it should be first shown via proper simulation-based evaluations that such control channel protection schemes can provide sufficient overall performance improvement.
Proposal: Conclude first what kinds of techniques requiring standardization are needed to support improved interference management.

Then if, after proper evaluation of the control channel interference management techniques, cross-CC scheduling is still seen as one enabling technique in heavy interference scenarios, the type of the component carrier used for the purpose needs to be carefully considered. It is noted that in light of current agreements it is already possible to support such control channel interference management to some extent: Possibility of cross-CC scheduling has been agreed, hence even with backwards compatible component carriers it is possible to leave PDCCH unscheduled and schedule the PDSCH/PUSCH on that CC from another CC. Moreover by specifying the PDCCH monitoring set, the UE does not even need to be monitoring the PDCCH on the less reliable component carriers, and also the linked PUCCH resources can be minimized. Also, interference can be avoided on PUCCH and PHICH that can then be transmitted only on the reliable CCs already by the current RAN1 assumptions. Hence the benefit of extension carriers over backwards compatible or non-backwards compatible component carriers seems unclear in this case.
We note that indeed certain interference management schemes based on carrier aggregation such as the autonomous component carrier selection [4] have already been shown to be attractive for LTE-Advanced. Related to these techniques, also backwards (or non-backwards) compatible component carriers can potentially be used for building the needed hard frequency reuse. Moreover, even some level of component carrier power control could be achieved, even though the power differences of course need to stay within the limits set by RAN4. Furthermore if needed, UE idle mode access to secondary component carriers can be prohibited by existing Rel’8 mechanisms, allowing those component carriers to be accessed only in active mode. 
We note that one of the basic design aspects of LTE has been minimization of number of options due to related specification, implementation and testing impact. Also from this perspective, the introduction of new component carrier types should be carefully justified.

Proposal: Consider also applicability of other (existing) component carrier types for the CA-based interference management use case.
If finally extension carriers are deemed to be needed, our view is that one should again aim at minimizing the number of options and not introduce too many configurable channels/signals. It seems that the main use case could then be supported with the following configuration:

· No synchronization signals: UE is anyway not searching for extension carriers using cell search procedure. There is always a related stand-alone component carrier that the UE anyway needs to be monitoring simultaneously; hence cell search should be done through that component carrier.

· No System Information: The related System Information should then be provided on the related stand-alone component carrier(s).

· No downlink control channels PDCCH/PHICH/PCFICH or uplink control channel PUCCH: These are handled through cross-CC scheduling and related implicit resource mappings.
· Common reference signals need to be transmitted: Even though UE is not searching for the extension carriers, it may need to perform measurements on those to allow eNB some information about when to configure the UE to utilize the extension carrier. CRS might also be needed for channel estimation if DRS are not used, CQI measurements, CC-specific time/frequency tracking etc. Note that even though CSI-RS are specified as part of Release 10, it does not imply directly that CSI-RS should always be used in conjunction with extension carriers.

· CSI-RS and DRS are transmitted when applicable.

This would make the extension carrier a data-only component carrier, provided with the required reference signal support. 
4
Conclusions

We have discussed the introduction of extension carriers in Release 10 carrier aggregation. It was pointed out that currently the main considered use case of extension carriers seems to be interference management based on carrier aggregation. We noted that it is far from clear what kind of new techniques will be supported to cope with new interference scenarios, and also it is unclear whether any potential new techniques will require extension carriers to be specified. Hence it seems premature to conclude on extension carriers at this stage without proper evaluation. We would also like to consider utilization of backwards compatible or non-backwards compatible component carriers for the purpose.

Proposal: Conclude first what kinds of techniques requiring standardization are needed to support improved interference management.

Proposal: Consider also applicability of other (existing) component carrier types for the CA-based interference management use case.
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