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1
Introduction
In LTE, only a limited number of resource block aggregations on a carrier is supported. If the number of resource blocks available for operator’s use is larger than the closest specified aggregation, those resource blocks are wasted. Also each stand-alone carrier introduces some overhead (in terms of guard bands, system information, synchronization, etc.) that may be reduced by simple extension of a carrier, rather than defining a stand-alone carrier. 

In this paper we discuss the benefits offered by introducing the extension carriers (segments) as the part of the carrier aggregation in LTE-A. 
2 Discussion
The definition of an extension carrier was captured in [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.” The notion was further discussed in [2] where it was also referred to as a “segment” and was defined as a data extension of a Rel-8 compatible carrier that could be used in a non-backward compatible manner by LTE-A UEs.

The significance of an extension carrier is that it enables aggregation of an arbitrary number of resource blocks associated to a component carrier, while still retaining the backward compatibility of that carrier. For example, consider a frequency allocation of 30 RBs, where those RBs would be aggregated as a backwards compatible carrier of 25 RBs and 5 additional RBs only visible to LTE-A UEs. The additional 5 RBs form the extension carrier. If the concept of the extension carrier is not defined, the 5 RBs would not be utilized, incurring around 17% bandwidth waste. Another example could be the aggregation of 60 RBs where there would be 50 RBs forming the backward compatible carrier and 10 RBs forming the extension carrier. We can envision the following alternatives to an extension carrier in the latter case (60RB bandwidth allocation):

1) Define only one component carrier of 50RBs. This incurs a bandwidth waste of 17%
2) Define only one component carrier of 60RBs. Such a component carrier is already supported by RAN1 specs. However, RAN4 would have to add new tests for such a carrier, and more importantly such a carrier would not be accessible to Rel 8 UEs.

3) Use carrier aggregation to aggregate two component carriers of 50RB and 6RB bandwidths respectively. This still involves bandwidth wastage corresponding to 4RBs. Moreover, the operation in a 6RB carrier is quite inefficient and incurs large overheads.

An example of the extension carrier structure is showed in Figure 1. The carrier bandwidth is B MHz, where the central B0 MHz is defined in the legacy system information, and Rel-8 UEs would be aware of this part only. The extended carrier bandwidth of B MHz would be conveyed to the LTE-A UEs only. Therefore, the legacy UEs would have a notion of B0 MHz while LTE-A UEs would have a notion of the extended B MHz. Within the central B0 MHz all control and data structure conform to the Rel-8 specifications. The wing segments are just a group of resource blocks that are seen as a bandwidth extension for LTE-A UEs.
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Figure 1: Single carrier and two segments
The PDCCH as defined in Rel-8 will span only the backward compatible stand-alone carrier, without extending into the extension carrier. The segment can be addressed from the Rel-8 PDCCH, and therefore be entirely used for data transmission. This would allow for efficient use of the extension resources without the need to set aside resources for control.  Similarly, the extension carrier does not transmit any synchronization signals, system information or paging further reducing the system overhead. As a result, the extension carrier cannot be used for UEs camping or for random access.
3
Summary 
In this paper we discussed the benefits offered by introducing the extension carriers (segments) as part of the carrier aggregation work in LTE-A.
Extension carrier is defined as the bandwidth extension of a stand-alone carrier. It allows for arbitrary resource block aggregation within one stand-alone carrier, retaining the backward compatibility for part of the entire carrier bandwidth. The arbitrary resource block aggregation provides the efficient use of the available bandwidth resources that may be different from the ones defined for Rel-8. Without the extension carriers, those extra resource blocks would be entirely wasted or partially wasted and used inefficiently as a small bandwidth carrier.
In addition to providing the arbitrary resource block aggregation, the benefit of having the multi-segment structure within the bandwidth of one component carrier is in the reduced system overhead such as the system information and guard bands. Also, the extension carrier can utilize the extension resources efficiently without the need to set aside resources for control that can be provided on its companion carrier PDCCH. 
Based on the identified benefits, we propose to include the definition of the extension carrier in TR 36.814:

Extension carriers are defined as the bandwidth extensions of a Rel-8 compatible component carrier and constitute a mechanism to fully utilize frequency resources in an efficient and backwards compatible way complementing carrier aggregation means. The notion of an extension carrier allows for arbitrary resource block aggregation within one component carrier, retaining the backward compatibility in the part of the composite component carrier bandwidth. Extension carrier is always linked to one component carrier and can not be stand-alone. It does not provide synchronization signals, system information or paging, and therefore can not be used for random access or UE camping.
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