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1 Introduction

The additional carrier types discussed (but not adopted) in Rel.10, namely the extension carrier and the carrier segment (although the carrier segment is not a carrier on its own), can provide a starting point for the carrier types considered for introduction in Rel.11. The assumed definitions of an extension carrier and of a carrier segment are as described in [1]. A brief overview of the properties and tradeoffs associated with the introduction of an extension carrier and of a carrier segment is subsequently provided together with a recommendation for Rel.11. 

2 Extension Carriers and Carrier Segments
The commonalities between the (non-backward compatible) notions of an extension carrier and a carrier segment include [1]:
a) No PBCH/SIB/Paging  
b) No PSS/SSS 
c) No Rel.10 DL CCHs
d) No CRS
e) Associated with a Rel.10 carrier
f) Measurements are performed on Rel.10 carriers 

The extension carrier is further characterized by the following:

a) Benefits:
a. The inefficiencies (large overhead and challenging performance) associated with transmissions of CCHs in small BWs can be avoided (by cross-scheduling an extension carrier with small BW).
i. With Rel.10 cross-scheduling, 1 OFDM symbol still needs to be reserved for DL CCHs (7.1% unnecessary overhead when nothing is transmitted). 

ii. For CA-based ICIC, CRS existence and/or interference can also be avoided for additional savings.
b. Desensitization issues when a DL frequency is close to an UL frequency can be avoided (reduced power, proper MCS selection, and HARQ can be utilized for PDSCH near the band edge; this is inefficient or not possible to do for transmissions of DL CCHs which, due to interleaving, occupy substantially the entire BW).

c. Simple CoMP operation as PDCCH discrepancy among cells and CRS interference (if CRS does not exist) can be avoided.

d. Some small overhead reductions can be achieved due to the absence of transmissions for synchronization channels and broadcast control channels.

b) Only possible for CA-capable UEs
c) Other Aspects 
a. Transmission BW already supported by RAN4 (e.g. Rel.8 BWs). 
b. FFS whether PDSCH/PUSCH is always cross-scheduled or can also be scheduled by ePDCCH (if defined).
c. FFS whether to introduce synchronization signals for CA scenario 4 (Annex J. in [2]) in which DL signals in an extension carrier are transmitted from a different site than the site of the Rel.10 carrier associated with the extension carrier. 
d. For TDD, FFS whether to require the same UL-DL configuration between extension cell and Pcell for operation in different bands (outcome will depend on the need for different UL-DL configurations on different bands in case of CA).
The carrier segment is primarily intended to support small BWs (Rel.10 ones or newly defined BWs) and is characterized by the following:

b) Benefits:
a. Inefficiencies from large overhead and low diversity are avoided 

i. One PDCCH indicates PRBs in sum BW of Rel.10 carrier and carrier segment(s)
ii. Smaller number of blind decoding operations (one UE-specific search space)
iii. Transmissions of synchronization channels and broadcast control channels are avoided

b. Operation confined to small transport blocks is avoided

c. One HARQ process for sum BW of Rel.10 carrier and carrier segment(s)

i. Single-carrier HARQ-ACK feedback
c) Same Transmission Mode (TM) in Rel.10 carrier and its carrier segment(s) 
a. Can be problematic as interference in a carrier segment can be different than in the Rel.10 carrier and transmission may benefit from independent settings of the TM and MCS

d) Other Aspects 

a. For Rel.10, RAN4 decided that support for BWs not supported in Rel.8 is not needed
b. Carrier segments can only be contiguous to linked Rel.10 carrier
c. Carrier segments are applicable to both CA-capable and non-CA-capable UEs
Comparison of Extension Carrier and Carrier Segment

The main differences between an extension carrier and a carrier segment is the additional PDCCH and HARQ-ACK feedback overhead the extension carrier requires and the restriction the carrier segment requires for having the same TM and link adaptation as the Rel.10 carrier (Figure 1).
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Figure 1: Comparison between a carrier segment and an extension carrier.
The additional PDCCH overhead required by an extension carrier, relative to a carrier segment, is mitigated by the fact that the extension carrier can be cross-scheduled from a carrier with larger BW, thereby avoiding inefficiencies associated with PDCCH transmissions with low frequency diversity in small BWs. Moreover, the number of UEs scheduled in the carrier segment or in the extension carrier will be small (for the small BWs associated with a carrier segment) and therefore the relative PDCCH overhead in a Rel.10 carrier cross-scheduling the extension carrier will be small (and the DCI formats for the extension carrier will be smaller than the ones for the Rel.10 carrier which is assumed to have larger BW).  

The carrier segment also requires some additional specification complexity relative to the extension carrier as different measurements may be needed between the Rel.10 carrier and the carrier segment to address the different interference conditions a UE will experience. Supporting a mixture of DCI formats with different RA field sizes among Rel.10 UEs (Rel.10 carrier only) and Rel.11 UEs (Rel.10 carrier and carrier segment) will also be needed but this is simple.  

Therefore, although either an extension carrier or a carrier segment will provide sufficient operational benefits to justify its introduction in Rel.11, the extension carrier has broader applicability with minimal specification impact and also provides the main benefits associated with a carrier segment. The absence of transmissions of control signals, paging, PSS/SSS, and CRS in an extension carrier also facilitates energy efficient networks.
3 Conclusions

This contribution provided an overview for the properties and characteristics of an extension carrier and a carrier segment and discussed their main differences. The tradeoff between the additional specification effort for supporting extension carriers or carrier segments and the associated benefits appears to be in favor of the introduction of additional carrier types in Rel.11. 

As the differences between an extension carrier and a carrier segment are not expected to have a meaningful impact on system operating efficiencies and as the extension carrier is more compatible with Rel.10 CA structures, the extension carrier may be prioritized over the carrier segment.  
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