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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 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 provide some initial discussions regarding the RAN1 aspects on possible additional carrier types in R11.

2
Motivation for additional carrier types in R11
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).
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 DL dual-carrier aggregation with LTE.

However, we deem that detailed needs and configurations 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.

Another motivation to pursue additional carrier types in R11 is the efficient support of low-cost LTE devices in LTE networks.

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

Supporting limited RF channel bandwidths in low-complexity MTC devices should not result in a requirement to segregate LTE operation in frequency-domain in typical LTE network deployments. Design 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 MTC devices, and a second LTE carrier is dedicated to support high-data rate or legacy LTE devices using 10 or 20 MHz.
For example, if a low-complexity LTE UE supporting up to 5 MHz was introduced, it should still be able to operate on a 10 or 20 MHz carrier even though it may not be able to access the full system bandwidth of that LTE cell.

In addition to above motivations for additional carrier types in R11, several other use cases for additional carrier types were discussed in recently submitted contributions [9-11]. These include overhead reduction aspects and better support for ICIC in heterogeneous deployments.
3
Considerations on additional carrier types in R11
In the following, we discuss several considerations on potential characteristics of additional carrier types in R11.

Reference signal design for additional carrier types
In [3], extension carriers and carrier segments are characterized in that they don’t provide CRS and some other physical signals, primarily in order to increase spectral efficiency, in particular, in scenarios involving bandwidth extension by narrow bandwidths.
In R8, CRS is always transmitted in all subframes for the purpose of channel estimation on the DL Control Channels or PDSCH using codebook-based precoding, UE timing and frequency acquisition/tracking, mobility measurements, etc. Only MBSFN-reserved subframes constitute an exception in the sense that no CRS is expected by R8 UE’s in the Data Region of such a subframe. In certain cases, some of the functions aided by CRS may be handled by other signals or they may be provided by alternative mechanisms. For example, a UE configured in TM9 performs channel estimation for demodulation purposes and the reporting for CSI feedback using the DM-RS and the CSI-RS, respectively.
However, as already indicated in [7][8], the absence of a CRS for an additional carrier could cause some problematic issues in UE and may in addition adversely affect system performance due to some limitation in the number of expected occurrences of CR. One limitation that was described is that the usage of DM-RS and CSI-RS is by definition constrained to UEs configured in TM9. This implies that the introduction of an additional carrier type configured without any CRS is limited to UEs supporting TM9 only. In addition, DM-RS and/or CSI-RS based measurements alone will not be able to fully substitute the CRS, because other functionalities like timing and frequency acquisition/tracking not derived from the PCell may still be required in certain CA scenarios.
Accordingly, we think it is desirable to maintain the ability of the system to transmit CRS in an additional carrier type (which it can do already today), but add signalling support for R11 (and beyond) UE’s to avoid the pitfall of legacy CRS design, i.e. expected occurrences of CRS in every subframe. For example, CRS is to be transmitted in the extension carrier only on a RRC restricted subset of subframes, or possibly the number of CRS ports is limited to 1 or 2 ports only for measurement purposes.
Time and frequency acquisition/tracking
If PSS/SSS is not transmitted on an extension carrier, a UE will still need to acquire and maintain time and frequency synchronization for the additional carrier.

When a UE is configured with PCell and Scell, both of which are transmitted from the same site, the UE can in principle use Scell timing and frequency synchronization obtained through the Pcell. Depending on the RF Rx implementation in the UE, in particular the intra-band aggregation scenarios qualify for this operating principle. To some extent, even some inter-band aggregated carriers as long as transmitted from the same site may apply the same principle. However, as a function of the propagation characteristics of the aggregated carriers, which are mainly depended on the deployment layer, the resulting burden onto UE receiver design to cope with Rx window uncertainties will become cumbersome. However, if the SCells are transmitted from a geographically distant transmission point, i.e. RRH, different propagation characteristics are typically to be expected.

In consequence, R11 signalling design should account for the possibility that R11 (and beyond) UE’s may alternatively need to be configured to acquire and derive timing and frequency synchronisation from PSS/SSS transmissions on the extension carrier instead of using the PCell.
Control signalling
DL Control Information for an additional carrier, e.g. the extension carrier can be transmitted from a linked backwards compatible carrier such as the R10 PCell using existing R10 cross carrier scheduling [3]. In that case, the Control Region and in particular the PDCCH for the cross-scheduled UE is no not required on the SCell. This operational scenario is beneficial for CA based heterogeneous deployment scenarios, e.g., CA based ICIC and it also results in improved spectral efficiency.
Cross-carrier scheduling of the SCell will impact PDCCH multiplexing capacity and blocking probabilities on the associated PCell. To what extent this effect becomes a bottleneck will largely depend on scheduler operation. In order to improve the PDCCH multiplexing capacity, the E-PDCCH concept was proposed in multiple contexts [6][9]. In particular, when DM-RS based demodulation is used for demodulation for the E-PDCCH, this approach can result in a promising amount of signalling reduction on the PDCCH on the in a coverage extension for the UE receiving through such an E-PDCCH.
If an E-PDCCH is introduced then the need for PCell PDCCH transmissions containing the DCI with cross-carrier DL assignments for the Scell may be much reduced. However, if an E-PDCCH is introduced, design and PDCCH decoding procedures should allow from the beginning to send the E-PDCCH on the SCell.

4
Summary
In this contribution, we have briefly discussed the motivations for additional LTE carrier types. We recommend investigating support for extension carriers and carrier segments for the purpose of flexible BW operation using LTE.

Proposals
· 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.
· To introduce signalling support for flexible transmission of CRS on SCells, i.e. CRS not necessarily occurring in every subframe.
· To introduce signalling support to allow for the possibility of time and frequency-acquisition / tracking not based on the PCell, i.e. using the physical signals provided on the extension carrier

· If E-PDCCH using DM-RS is introduced, provide support for transmission of E-PDCCH both for PCell and SCell
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