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1
Introduction
In LTE-A the operation for system bandwidths beyond 20MHz is based on carrier aggregation. LTE UEs would be able operate on only one UL/DL pair of the backward compatible component carriers, while an LTE-Advanced terminal that is carrier aggregation capable would be able to simultaneously use multiple component carriers. In addition to the Rel-8 backward compatible carriers, other carrier notions were discussed. One of them is the extension carrier as the type of carrier that cannot be operated as a stand-alone carrier, 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.
In this paper we discuss the implications of introducing the extension carriers as the part of carrier aggregation in LTE-A. 
2 Discussion
The definition of the extension carrier was captured in RAN1 [1] as: 
“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.”
RAN 2 discussed the usefulness of extension carriers from the overhead reduction point of view and summarized its findings in [2] as:

“RAN2 sees no strong need to introduce a new concept of non-accessible carriers in LTE-A from SI-overhead or camping point of view. A non-accessible carrier in the sense to prohibit Idle mode camping is already possible with Rel-8 LTE mechanisms. Specifically, cells can be barred to prohibit Idle mode camping, eliminating the need to deliver Paging messages and SIBs other than SIB1 and SIB2 in such cells. Also, RAN2 considers further overhead reduction of SCH/MIB/SIB1/SIB2 in such cells to be marginal.”

It is understood that extension carriers do not provide synchronization signals (PSS/SSS), system information, paging for UEs, Rel-8 PDCCH/PHICH/ PCFICH, and can not be used for random access or UE camping.

In a heterogeneous network deployment, a scenario where extension carriers are utilized is shown in Fig.1. Component carrier (CC) 1 is used as the primary, backward compatible, carrier for Macro eNBs, while CC2 is used as an  extension carrier for nodes of that type. At the same time, HeNBs or pico-eNBs use CC2 as the primary carrier and CC1 as the corresponding extension carrier.

The extension carriers are assumed to not having Rel-8 PDCCH and, hence, fully rely on the control transmitted at the regular component carrier that is associated to, and the corresponding cross-carrier assignments. Based on this, the interference management approach discussed in [3] with the use of extension carrier allows the Macro eNB to free-up of interference the control region of CC2. The clearing of the Macro extension carrier resources that overlap with the primary HeNB carrier (CC2) control resources could improve the range of the DL control coverage on HeNB. 

Note, however, that very similar result due to interference management can be achieved using a regular component carrier. There are several ways to achieve this, e.g. by reducing the transmit power of Macro eNB on that carrier, time domain resource partitioning, and/or omitting the control and relying on the cross-carrier control from the primary carrier. 
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Figure 1: Heterogeneous network deployment with extension carriers
In the case where extension carriers did not include CRS transmission (not agreed as part of the extension carrier definition yet) the notion of extension carrier may seem to provide interference management advantages over regular component carriers. However, the same effect as not having CRS transmission could be achieved by cancelling CRS at the UE. This cancellation is deemed to be efficient since it would entail cancellation of a strong interferer’s CRS.
Since extension carriers are not detectable by UEs as they do not carry PSS/SSS (and possibly CRS), the use of the extension carriers poses some issues for UE mobility procedures. 
Let us consider the example in Fig.1. A Macro UE (MUE) approaching the pico-eNB that uses CC1 as the extension carrier will be unable to detect the pico-eNB on CC1. However, the UE will see the interference from the Pico extension carrier. That situation will likely cause inter-frequency measurements to be triggered and possibly would cause an inter-frequency handover to the pico-eNB on CC2. High speed UEs would likely leave relatively quickly the coverage of the pico-eNB and would possibly perform another inter-frequency handover back to a Macro eNB on CC1. This could significantly increase the inter-frequency measurements and inter-frequency handovers.
 Note that if a regular (backwards compatible) carrier were used instead of the extension carrier, the MUE would be able to detect the pico-eNB in CC1, and inter-frequency procedures would be avoided. Alternatively, if the extension carrier control region is left fully vacant, handover will not be triggered as the UE passes by the Pico eNB.
From the above discussion it can be seen that extension carriers as compared to the regular component carriers do not provide overhead reduction, do not provide interference management advantages, and could pose issues for UE mobility procedures. Hence, based on this assessment, there is no incentive to include extension carriers in LTE-A.
3
Summary 
In this paper we discuss the implications of introducing the extension carriers as the part of carrier aggregation in LTE-A. It was identified that the extension carriers as compared to the regular component carriers
· Do not provide overhead reduction [2]
· Do not provide clear interference management advantages
· The impact on UE mobility procedures need further investigation but extension carriers seem to present serious issues with procedures relying on RRM measurements
Based on this assessment, there is no incentive to include extension carriers in LTE-A. Therefore, we propose not to include notion of extension carrier in LTE-A. 
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