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1 Introduction
Carrier aggregation was designed in LTE Rel-10 to support the extension of bandwidth beyond a single Rel-8 carrier, providing flexible use of frequency spectrum and higher peak data rate to the UE. In Rel-10, it was agreed that only backward-compatible carriers are supported, defined as follows [1]:
· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, backwards compatible carriers always occur in pairs, i.e. DL and UL.

If any additional carrier types might be specified in Rel-11, they would therefore be non-backward-compatible. RAN1 previously discussed non-backward-compatible “extension carriers”, which would have the following characteristics [2]:
· No PBCH/Release-8 SIB/Paging 
· No PSS/SSS 

· No PDCCH/PHICH/PCFICH 
· No CRS 

· Rel-10 mobility is based on measurements in backwards compatible CC(s) 

Additionally in RAN1, carrier segments were proposed as a way to extend the bandwidth without carrier aggregation while supporting backward compatible operation in a portion of the spectrum. Compared with an extension carrier, a carrier segment (together with its associated backward-compatible carrier) would have the following characteristics [2]:
· Single PDCCH for resource allocation
· Single HARQ for the combined bandwidth

· Contiguous BW requirement and maximum combined bandwidth of 110 RBs. 
In this contribution, we discuss the possible new carrier types further, to facilitate the decision on carrier types supported in Rel-11. The discussion focuses on the extension carriers and carrier segments.
2 Extension Carriers and Carrier Segments 
The main design goal of additional carrier types is to support flexible and smooth bandwidth extension when the operators need to add additional spectrum. At the same time, they should minimize the overhead and maximize the spectral efficiency. Carrier segment and extension carrier were proposed to achieve these goals. Some discussions were provided previously in [3]
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[4]. The potential properties of extension carriers and carrier segments are summarized in the following subsections.
2.1 Extension Carriers
The following properties would be desirable for extension carriers:

· Cannot operate as a stand-alone carrier and must be linked to a backward compatible carrier.
· No PBCH/Release-8 SIB/Paging; system information is either broadcasted in the associated backward-compatible carrier, or delivered to UE via higher layer signaling with UE-specific system information (e.g. system bandwidth).
· No CRS; DM-RS can be used for PDSCH demodulation.
· Mobility is based on measurements on backward-compatible CC(s). The use of CSI-RS on the extension carrier could also be considered.  

· No synchronization signals (PSS/SSS); synchronization is obtained from the associated backward-compatible carrier. 
· No downlink control channels (PCFICH/PHICH/PDCCH); scheduling information is obtained from the associated backward-compatible carrier (by cross-carrier scheduling) and/or higher layer signaling.

· No PUCCH; any corresponding UL control information that is not carried on PUSCH is carried on the PUCCH of the PCell.

Extension carriers would carry separate transport blocks from the associated backward-compatible carrier, and therefore the transmission mode is configurable separately for the extension carrier. 
Note also that MBSFN subframes and ABSs can be configured independently per CC, and this would also apply in the case of extension carriers. 

2.2 Carrier Segments
A carrier segment would be designed as a set of additional RBs contiguous with the RBs of an associated backward-compatible carrier. A carrier segment would have the same characteristics as an extension carrier, but in addition a carrier segment (together with its associated backward-compatible carrier) would have the following characteristics [2]:
· Single PDCCH for resource allocation
· Single HARQ for the combined bandwidth

· Contiguous BW requirement and maximum combined bandwidth of 110 RBs.
The single transport block and single HARQ process would mean that the carrier segment and associated backward-compatible carrier would share the same transmission mode. 
2.3 Discussion
From the properties outlined above, it would seem that extension carriers can be employed in a more flexible fashion than carrier segments, by operating semi-independently from the associated stand-alone carrier. We do not see the need for the contiguous BW requirement, nor the maximum combined bandwidth of 110 RBs.
The single PDCCH and single HARQ process aspects previously associated with carrier segments may have some benefits in further reduction of signalling overhead, although this comes at the expense of some loss of flexibility. It may be possible, however, to introduce some modifications to the PDCCH signalling to reduce the overhead when multiple CCs are scheduled together.
Additionally, extension carriers are expected to have advantageous properties in eICIC applications, since the lack of CRS and control channels can remove the need for control channel ICIC completely, leaving inter-cell coordination to be managed for the data channels alone using the frequency-domain techniques available since Rel-8.
Extension carriers without CRS can also help with energy saving, since power-hungry eNB components can be switched off completely for those carriers when no data is scheduled.

Being non-backward-compatible, extension carriers would also not be constrained by the existing Rel-8 carrier bandwidths, and would therefore be useful in facilitating the use of new spectrum bandwidths and spectrum refarming. 
3 Summary 
In this contribution, we discussed additional carrier types, extension carriers and carrier segments. In summary, extension carriers are an efficient and flexible approach, and should be designed with no PBCH/Release-8 SIB/Paging/CRS/PSS/SSS/PCFICH/PHICH/PDCCH/PUCCH.
The potential benefits of such extension carriers would include reduced overhead, increased spectral efficiency, intercell interference reduction, and energy saving.

Therefore, we recommend that extension carriers, or a similar form of non-backward-compatible carrier, is supported in Rel-11.

The contiguous placement of Rel-8 carriers and extension carriers may be considered by RAN4 if desired, and this is not an aspect of relevance for RAN1.
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