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Discussion
1
Introduction

Both extension carriers and carrier segments were originally proposed in R10 as additional carrier types complementing the backward-compatible carrier type such as typically represented by a PCell configuration. However, it was ultimately concluded not to introduce extension carriers or carrier segments into R10 [4].
The new R11 CA Enhancements WI [1][2] includes considerations to pursue the study of potential benefits and operational scenarios for additional carrier types (including non-backward compatible elements) in support for LTE carrier aggregation. 

“A way forward for additional carrier types and related details will be decided based on trade-off analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.”
In this contribution, we discuss the question of potential usefulness and perceived benefits versus required design delta for additional carrier types in R11.
2
Background
During R10 work, several motivations for considering additional carrier types were suggested. These included improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation would not match the R8 system bandwidth numerology (the latter under the responsibility of RAN4).
For example, the suggested use cases would include,

· Bandwidth extension for narrow bandwidths where the narrow bandwidths would be less than the minimum bandwidth of 6 RBs
· In addition, for the purpose of flexible deployment in terms of spectrum utilization, more flexible bandwidth operation can be achieved using non-backward compatible bandwidths where the non-backward compatible bandwidths may take a value other than in the R10 system bandwidth set {1.4, 3, 5, 10, 15, 20} MHz, that is, cases where the actual bandwidth allocation does not match the R10 bandwidth numerology.

· Interference handling/management for control channels and/or physical signals: for example, in heterogeneous network, a R11 UE is not required to monitor some control channels (like PDCCH, PBCH) and/or physical signals (like PSS/SSS) by not transmitting those channels/signals on a new carrier type in R11.
The distinguishing technical characteristics of extension carriers and carrier segments were extensively discussed in RAN1, RAN2 and RAN4.

Extension carriers and carrier segments are characterized in that they don’t provide PBCH, R8 SIB, Paging, PSS/SSS, PDCCH, PHICH, PCFICH and CRS. Mobility handling is done based on measurements in backwards-compatible CC(s) such as the PCell [3]. Furthermore, an extension carrier must be a part of a CC set where at least one of the carriers in the set is a backwards compatible component carrier. A carrier segment is defined as contiguous BW extension of a backwards compatible component carrier. Given these above characteristics, extension carriers and carrier segments are not backwards compatible for R8 and R9 UEs. Compared with an extension carrier, a carrier segment (together with its associated backwards compatible carrier) would obey the following operational principles: it would use a single PDCCH for resource allocation, use a single HARQ for the combined bandwidth and have a contiguous BW with maximum combined bandwidth not exceeding 110 RBs.
3
Motivation for additional carrier types in R11
LTE has been developed based on the principle that core L1 and L23 AS specifications are bandwidth-agnostic, i.e. L1 design and protocol can in principle be used to operate in an arbitrary BW not exceeding 110 RB’s nominal BW. The actually supported R8 BW combinations are given through RAN4 requirements. LTE supports the set of RF channel bandwidths {1.4, 3, 5, 10, 15, 20} MHz, but not all of these are equally applicable in all LTE bands.

R10 LTE carrier aggregation capable UE’s use combinations of two {5, 10, 15, 20} MHz channels that are separately indicated into the UE capability signalling part and that are band-specific combinations.

More supported LTE operating BW / band combinations can be added in a Release-independent manner through RAN4. Most of the RAN4 UE RF requirements in support of additional operating BW / band combinations are bandwidth dependent. This notably includes SEM’s, ACS/ACLR, REFSENS, blocking and IMD requirements.

The introduction of additional supported operating BW / band combinations will require a non-negligible amount of evaluation and simulation work in RAN4.

In summary, while the LTE specifications are bandwidth agnostic, typical R8 to R10 LTE UE equipment will support a somewhat restricted number of actual admissible RF band / operating BW combinations.
Note that much more flexibility with respect to BW re-configurability exists on the network side, i.e. availability of MSR base stations and wideband RF front-ends results in significant degrees of freedom to adjust operating BW during later subsequent cycles in LTE network deployments.
In our view, it is highly desirable to provide increased support for flexible LTE bandwidth operation in future LTE network deployments.

Many cellular operators have existing spectrum and band allocations that do not equate with the typical foreseen LTE channel bandwidths. In many cases, spectrum re-farming from narrow-band 2G GSM/EGPRS TRXs, or Nx5MHz 3G HSPA or EVDO to LTE results in available bandwidth sizes that may or may not be a good fit compared to the typical LTE channel bandwidths.
Providing more flexibility for LTE to operate in un-conventional channel bandwidths, i.e. other than the single carrier {1.4, 3, 5, 10, 15, 20} MHz has already been evoked in the context of R10. One may add to this list the new set of R10 aggregated channel bandwidths resulting from the R10 two-carrier Rx in the DL.

We think that this consideration remains valid, but detailed needs are to be evaluated against the flexibility already provided by LTE in R8-R10 and the amount of resulting RAN4 work for either single-carrier or DL dual-carrier mode of operation.

Additional non-R8 operating BW / band combinations can be introduced at any given point in time through RAN4. But clearly, those new combinations would not necessarily be backwards-compatible from the R8-R10 legacy UE point of view. If introduced, it should be a design requirement for this case, that legacy R8-R10 UE’s can continue to operate in presence of such additional carrier types.

For example, if a DL-UL asymmetric FDD fixed duplex arrangement using DL 6 or 7 MHz combined with UL 5 MHz was introduced, it should remain possible to continue operating a legacy R8 UE using 5 + 5 MHz on the same channel.
In our view however, we see it as a primary consideration to pursue additional carrier types in R11 for the purpose of supporting low-cost LTE devices in future LTE networks.

Several possibilities exist to reduce implementation complexity and increase standby times for low-complexity LTE equipment. For example, eliminating one Rx path in the DL, support for reduced data rates order of several 100’s of kbps only, or to allow only for limited support of RF bandwidths like 5 MHz (or smaller) for such devices are design options.

Supporting limited RF channel bandwidths in low-complexity LTE devices should not result in a requirement to segregate LTE operation in frequency-domain in typical LTE network deployments, i.e. it should not result in a need for 2 separate LTE carriers to be deployed where one is dedicated to serve 5 MHz (or smaller) low-complexity LTE devices, and a second LTE carrier is dedicated to support high-data rate LTE devices using 10 or 20 MHz.
For example, if a low-complexity LTE UE supporting up to 5 MHz was introduced, it should be able to operate even on a 10 or 20 MHz carrier (even though it may not be able to access the full system bandwidth).
4
Summary
In this contribution, we have briefly discussed the motivations for additional LTE carrier types. We recommend investigating support for more flexible BW operation using LTE.

Proposal
Additional carrier types should be considered in R11 in order to support LTE UE’s operating at a different channel BW than the deployed LTE carrier that is their serving cell.
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