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1
Introduction
Extension carriers/segments were discussed in Rel-10 timeframe, and they were perceived as carriers/bandwidth extensions that cannot be operated as a 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 component carrier. Extension carriers/segments were considered in the context of providing more efficient spectrum utilization and some overhead reduction. They were not adopted to be the part of Rel-10, i.e. only regular Rel-8/9 backward compatible carriers can be aggregated.
In this paper we provide some additional use cases and unified notion for extension carrier to be considered in Rel-11.

2
Discussion
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.”
In addition to this concept, a definition of a carrier segment was captured in [2] 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”.
In the following subsection we discuss each identified use cases for extension carriers/segments.

2.1
Efficient Bandwidth Utilization

In LTE Rel-8/9, 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. 

It was identified in [3] that the carrier segments constitute a mechanism to fully utilize frequency resources in an efficient and backward compatible way, by allowing for expanded set of resource block aggregations (as compared to Rel-8) within one component carrier.
The similar arguments hold for extension carriers, as they can allow for more efficient bandwidth utilization by aggregating chunks of possibly non-contiguous bandwidth parts. The base CC would still be backward compatible, complying to the carrier sizes defined by Rel-8/9 specification, while extension carriers would constitute of more flexible RB aggregation.
2.2
Overhead Reduction

Each stand-alone CC 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 CC. It is also known that the stand-alone narrow band operation (6 RB) is very inefficient and restrictive due to overhead channels and PDCCH limitations.

As pointed out in [3], the carrier segments provide reduced overhead by receiving the control on the PDCCH of the linked base CC as a single allocation (and only one transport block is transmitted over the entire bandwidth). That alleviates inefficiencies of the narrow-band PDCCH and small transport block sizes of a regular small bandwidth CC. It also requires only a single HARQ feedback for both base CC and carrier segment, and the number of blind decodes is smaller compared to the case where a regular CC is defined instead of a carrier segment. Some overhead savings in terms of CSI feedback are also available.
In case of extension carriers, more efficient PDCCH operation can also be achieved by utilizing cross-carrier wideband PDCCH on the base CC to convey assignments for extension carriers (separate or joint with respect to the base CC), rather than having narrowband PDCCH on a stand-alone CC.
For both extension carriers and segments, the zero-size control region implies that all symbols can be fully utilized for data transmission. This saves at least one symbol of overhead, as in the regular carrier case, even if all control is provided by the cross-carrier operation, at least one symbol will be designated for control region and can not be used for data.
Some overhead reduction due to common channels is possible by eliminating transmission of the broadcast channels, paging, and guard bands (in certain scenarios).
2.3
GSM to LTE Refarming

In addition to the previously identified potential usefulness of extension carriers/segments, we want to point out some additional use cases for extension carriers/segments for Rel-11 consideration. In particular, those are the soft GSM to LTE refarming and more efficient eMBMS transmission. Also, while the baseline concepts of extension carriers/segments as indicated in Rel-10 discussion can be reused, Rel-11 can include new details and possibly unified notion of the new extension carrier that can include both Rel-10 notions of the extension carrier and carrier segment.
Soft GSM to LTE refarming assumes gradual conversion of the GSM spectrum (channels) into LTE, as a process of migration from GSM to LTE. It is expected that the number of GSM users will decrease over time, hence, the currently allocated GSM spectrum should also be scaled down. As the decrease is expected to be gradual, the appropriate coverage (scaled down in resources) for existing GSM users needs to be provided. Extension carrier seems as a an appropriate candidate for the purpose of steady conversion of GSM to LTE, where the GSM channels, as they become freed up from GSM service, are added to the bandwidth of an LTE extension carrier. They offer the bandwidth flexibility for soft refarming, such that GSM carriers can be continuously converted to LTE with the small starting bandwidth blocks and granularity that is better than the granularity offered by the regular carriers (i.e. only sizes of 6, 15, 25, 50, and 100 RBs available for regular CC). These converted bandwidth resources could serve as a data extension for LTE carrier aggregation capable UEs with minimized overhead and efficient cross-carrier PDCCH control. Additionally, due to different spectrum holdings, operators may have different and multiple GSM occupied bandwidth chunks to convert to LTE. Because spectrum is quite fragmented, a flexible and efficient mechanism in LTE allowing refarming of blocks of different granularity is quite beneficial. Again, this fits very well into the extension carrier use case, where small bandwidths parts (that could gradually increase) could be efficiently and flexibly converted to LTE by utilizing one or more extension carriers. Note that extension carrier may be defined to be composed of resource blocks that are not physically contiguous. 
2.4
More Efficient eMBMS Transmission As mentioned before, the new extension carriers can be used for providing more efficient eMBMS services. The better efficiency may come from the fact that such extension carrier could be better tailored toward the specific eMBMS needs, and could potentially use more subframes for eMBMS than what is defined by the current specification. Namely, in Rel-8/9, at least four out of ten subframes are dedicated to unicast services due to common control signaling requirements, which may not be necessary in the case of extension carrier, as those may be provided on the base CC linked to the extension carrier. The extension carrier can provide the flexible operation where by configuration it could be used fully as an eMBMS carrier (with 100% designated resources to eMBMS services) or shared with unicast services.
3
Conclusions 

In this document we reviewed the concepts of extension carriers and segments as discussed in Rel-10. We provided additional use cases and proposed a unified notion for extension carriers to be considered in Rel-11. The additional use cases for extension carrier include soft GSM to LTE refarming and more efficient eMBMS transmission container.

While we understand that the feasibility issues should be discussed independently in RAN4, from RAN1 perspective and to summarize, the benefits that extension carriers can offer are:

·    More efficient bandwidth utilization than regular carriers
· Extension carriers constitute a mechanism to fully utilize frequency resources in an efficient way, by allowing for expanded set of resource block aggregations (as compared to Rel-8)
· Better granularity to address fragmented spectrum
·   Reduced overhead for narrow bandwidth system operation
· In terms of control overhead, broadcast channels, paging, …  
·    Flexible and efficient mechanism allowing GSM to LTE refarming of bandwidth blocks of different granularity and in fragmented spectrum
·    More efficient eMBMS service

·  With up to 100% of resources utilized for eMBMS.
References 

[1] Report of 3GPP TSG RAN WG1 #57bis, Los Angeles, USA, 29th June – 3rd July, 2009

[2] R1-094415, “LS to RAN4 on concept of carrier segment for LTE-A”, 3GPP RAN1, Miyazaki, Japan, 12th – 16th October, 2009
[3] R1-100669, ‘Benefits of carrier segments’, Qualcomm Inc., 3GPP TSG RAN WG1 #59bis, 18 - 22 Jan 2010

Valencia, Spain












PAGE  
3/3

