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1. Introduction
Carrier aggregation (CA) was introduced in LTE Rel-10 specifications to extend the system bandwidth and provide higher data rate to UEs. In LTE Rel-11, a work item for CA enhancements has been approved and updated in RAN#51 and RAN#52 respectively [1]
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[2]. It has been proposed that additional carrier types including non-backwards compatible elements for CA should be studied. In this contribution, we present our considerations for additional carrier types in LTE Rel-11. 
2. Discussions
The main design goal of additional carrier types is to support flexible and smooth bandwidth extension when the operators want to add additional spectrum. Besides, the corresponding overhead should be minimized and the spectral efficiency should be increased as well.
The existence of CRS restrains more flexible design for new LTE versions. Generally, CRS is transmitted in all subframes with maximum 16.7% RE resources whether there is data transmission or not. In addition, the interference on the CRS from adjacent cells dominates the high rate transmissions. In LTE Rel-10 downlink, UE-specific DM-RS and CSI-RS are introduced for transmission mode 9 as the demodulation RS and CSI measurements RS. Hence, CRS is no longer necessary in mode 9 if PMI/RI report is configured [3]. It seems that there is a more general trend in LTE to go from DL transmission based on CRS towards UE-specific DM-RS [4]. With the above considerations, it is worthwhile to investigate additional carrier types without CRS transmission, which leads to greater resource/energy saving and throughput improvement. 
Proposal 1: RAN1 should consider additional carrier types without CRS transmission.
If CRS is absent from additional carrier type, the conventional designs of CRS-based control channels (PDCCH, PHICH, and PCFICH) needs to be re-examined. For example, additional carrier type without CRS-based PDCCH can transmit the PDSCH from the first OFDM symbol of a subframe, instead of skipping the PDCCH region (usually occupies 2 or 3 OFDM symbols). This is beneficial especially for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs, thus providing throughput improvement. Furthermore, if the enhanced PDCCH (E-PDCCH) based on UE-specific DM-RS is specified in LTE Rel-11, the E-PDCCH could be reused and employed in the additional carrier type, which may be beneficial to enable semi-static/adaptive ICIC to manage interference on control channels and achieve better spectrum efficiency. Such kind of operation is not available in LTE Rel-10 since RB-level interference coordination of the PDCCH is not supported due to the control mapping rule. Although the PDSCH resources may suffer a similar strong interference as the PDCCH, the PDSCH resources can be efficiently utilized by RB-level interference coordination.
Proposal 2: CRS-based PDCCH should be avoided in additional carrier type.
During the discussion in LTE Rel-10, it was already identified that some new carrier types such as extension carrier and carrier segments [5] are of interest. The main difference between an extension carrier and a carrier segment is that the extension carrier has the additional PDCCH and HARQ-ACK feedback overhead and the carrier segment shares one PDCCH and HARQ-ACK with Rel-10 carrier. The commonalities between them include [5]: 
a) No PBCH/SIB/Paging  
b) No PSS/SSS 
c) No Rel-10 DL CCHs

d) No CRS
e) Rel-10 mobility is based on measurements in backwards compatible CC(s) 

Obviously, extension carrier and carrier segment are defined as the non-backward component carrier which also cannot be accessed by new UEs standalone. With the increasing of mode 9 UEs or new Rel-11 UEs, legacy carrier seems to be inefficient because of the transmission of a large amount of CRS. Extension carrier may be implemented as an alternative. However, extension carrier has no access channel and relevant system information. That means UEs would be accessed via fewer legacy carriers while CA is implemented, which would cause increased random access failure rate compared to Rel-10. Introducing a standalone additional carrier type is a straightforward solution. Besides, in [6] one approach introducing legacy carrier within an additional carrier type is disclosed as a tradeoff solution. Introducing new standalone carrier type is very helpful for the operators to the migration from Rel-10 carrier types to further Rel-11 new carrier types. Whether or not to support a standalone additional carrier type should be investigated in RAN1 firstly. If yes, more issues, such as system information, paging, synchronization etc., should be considered for new additional carrier types with lack of CRS transmission. 
Proposal 3: RAN1 should study whether or not to support standalone additional carrier type.
3. Conclusion

From the above discussions, we propose that:

Proposal 1: RAN1 should consider additional carrier types without CRS transmission.
Proposal 2: CRS-based PDCCH should be avoided in additional carrier type. 
Proposal 3: RAN1 should study whether or not to support standalone additional carrier type.
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