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1
Introduction
In LTE, only a limited number of resource block aggregations 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 carriers segments and how they complement carrier aggregation in LTE-A. 
2 Discussion
The definition of a carrier segment was captured in [1] as “Carrier segments, if specified, are defined as the bandwidth extensions of a Rel-8 compatible component carrier (no larger than 110 RBs in total) and constitute a mechanism to utilize frequency resources in case new transmission bandwidths are needed in a backwards compatible way complementing carrier aggregation means. The gain is to reduce additional PDCCH transmission that would be required in a carrier aggregation setting as well as the use of small TB sizes for the part corresponding to the segment. The notion of a carrier segment allows for aggregating additional resource blocks to a component carrier, while still retaining the backward compatibility of the original carrier bandwidth. Carrier segments are always adjacent and linked to one carrier and can not be stand-alone. They do not provide synchronization signals, system information or paging”. The notion was also discussed in [2] where it 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.

An example of the carrier segment 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 significance of a carrier segment is that it provides additional transmission bandwidths beyond the set of Rel-8 values {6, 15, 25, 50, 75, 100} RBs associated to a component carrier, while still retaining the backward compatibility of that carrier. For example, consider a frequency allocation of 32 RBs (6 MHz). We can envision the following alternatives as operator choices for spectrum utilization: 
1) Define only one component carrier of 32 RBs and waste 7 RBs. 
· This incurs a bandwidth waste of 16.6%.
2) Define one component carrier of 25 RBs and another component carrier of 6 RBs 
· Small system bandwidths are highly inefficient due to large overheads 

3) Define one component carrier of 25 RBs and a non-backwards compatible component carrier of 6 RBs, e.g., extension carrier 

· The  inefficiency of small  system bandwidths is somehow alleviated by the use of e.g., extension carriers [3] with cross-carrier assignments from the 25 RBs component carrier, however, there are inefficiencies in the following: requiring additional assignments for allocations in extension carrier, requiring ACK for those allocations, operation with small TB sizes, 

· Note that all these inefficiencies exist in the case of having a regular (backwards compatible) carrier. In that case, in addition, one needs to count for the overhead associated with the transmission of the common channels (PSS/SSS/PBCH and all SIBs). 

4) Define one component carrier of 25 RBs and define a segment of  6 RBs

· No additional overhead associated to the inclusion of the extra bandwidth other than a possibly slightly larger DCI size. 

More details about carrier segments: 

The PDCCH as defined in Rel-8 would span only the backward compatible stand-alone carrier, without extending into the carrier segment. The RBs corresponding to the carrier segment can be addressed using Rel-8 PDCCH with a slight change of the resource allocation field to cover the RBs belonging to the carrier segment. 

Note that the operation of carrier segments is beneficial especially for small bandwidths, since only one PDCCH and one corresponding ACK is required to indicate the assignment on both, backward compatible and the segment parts.
The carrier segments are not expected to transmit any synchronization signals, system information, paging, or CRS, further reducing the system overhead. As a result, the carrier segment cannot be used for UE camping or random access.
3
Summary 
In this paper we discussed the benefits offered by introducing the carrier segments for LTE-A. It was identified that the carrier segments
· Constitute a mechanism to fully utilize frequency resources in an efficient and backward compatible way complementing carrier aggregation means
· Allows for expanded set of resource block aggregations (as compared to Rel-8) within one component carrier, retaining the backward compatibility in the part of the composite component carrier bandwidth and not requiring carrier aggregation support at the UE
· Without the carrier segments, the available bandwidth resources that may be different than the ones defined for Rel-8 would be partially wasted or used inefficiently as a component carrier of small bandwidth
· Provide reduced overhead

· Control is received on the PDCCH of the linked regular carrier, indicating the assignments on both, the backward compatible part and the segment(s) in a single allocation, and only one transport block is transmitted over the entire bandwidth
· The overhead reduction stems from the savings of an additional PDCCH transmission and the corresponding ACK that would be required in a carrier aggregation setting
· The use of small TB sizes for the part corresponding to the carrier segment also yields inefficiencies if transmitted as part of a component carrier of small bandwidth  
· The number of blind decodes is smaller compared than the case where a component carrier is defined instead of a segment

· No transmission of the synchronization signals, broadcast channels, paging, CRS, guard bands.
Based on the identified benefits, we propose adopting the notion of carrier segments for LTE-A. 
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