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1. Introduction

With the rapidly growing market of mobile communications services, the amount of data traffic significantly will increase and drive the need for carrier aggregation (CA) in Release 10 (Rel-10) specifications. In Rel-11, the further optimization and enhancement of CA are worth investigation as suggested in [1]. One scope of Rel-11 CA is the study of additional carrier types including non-backward compatible elements. In this contribution, we present our initial views on the additional carrier types. We first clarify the motivation and target deployment scenarios assumed in Rel-11 where the additional carrier types are considered beneficial. Then, the possible features for additional carrier types are investigated.
2. Motivation for Additional Carrier Type
In the context of Rel-11 CA, the motivation for defining additional carrier types is presented below.

· ICIC for HetNet deployment

In order to enhance the capacity of the network, small cells could be deployed over macro cells for traffic offloading by using, for example, low power remote radio heads (RRHs), resulting in heterogeneous network (HetNet) scenarios. One of the main target scenarios for further enhancement of CA in Rel-11 could be HetNet deployment. In Rel-10, CA-related features have already been specified to facilitate inter-cell interference coordination (ICIC), such as cross-carrier scheduling and path-loss reference signaling. It was agreed that further enhancement would be considered in Rel-11. 
One aspect that could be considered in Rel-11 for CA-based HetNets is the use of a new carrier to improve ICIC functionality. With backward compatible carries, dynamic interference coordination between macro cell and small cells is limited since the cell-specific reference signal (CRS) needs to be transmitted in all subframes with constant power. As a simple way to strive for the enhancements, defining additional carrier types including non-backward compatible carrier elements would be beneficial in Rel-11 CA-based HetNets. An example of a HetNet deployment scenario is shown in Fig. 1. Here, the additional carrier type is simply referred to as an extension carrier, which does not include the PDCCH and CRS. In this example, the macro eNodeB and low power RRH are deployed where downlink CA is possible between macro cells and small cells. The backward compatible carrier used as the primary cell (PCell) is configured at CC #1 while the extension carrier is configured at CC #2 in both the macro and small cells. In this scenario, the dynamic interference coordination between the macro eNodeB and the RRH is performed by dynamically controlling the resource allocation, and possibly the transmission power between the macro cell and small cells for the extension carrier. Such dynamic coordination becomes more effective by not transmitting the CRS. This way, the Rel-11 UE (UE #1) can enjoy CA between the macro eNodeB and RRH without suffering from interference from the CRS due to macro cell transmissions. In addition, to address the potential PDCCH shortage in the macro cell, an enhanced PDCCH could be applied to the extension carrier.
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Figure 1 – Deployment scenario using additional carrier types
· Higher spectrum efficiency

The extension carrier would have the advantage of a reduced overhead because the CRS and PDCCH are not transmitted. One of the potential deployment scenarios for CA is in a higher frequency band where relatively wider bandwidths are available. If these frequency bands are accessible only by Rel-11 UEs, an extension carrier could be applied.
· Others

Other potential advantages of utilizing additional carrier types include an energy saving gain achieved by not transmitting the CRS and DL control channels. Additionally, we can also consider some future compatibility aspects, i.e., the extension carrier might ease the introduction of new features due to the silent nature of the carrier.  
3. Definition of Additional Carrier Type
The definitions of additional carrier types are given in this section. Table I. summarizes the candidates for the additional carrier types identified so far. 
· Zero-CRS carrier [2]

In this carrier, the transmission power of the CRS is muted. For the DL control channel including the PDCCH/PHICH/PCFICH, the Rel-10 mechanism can be utilized. The PDCCH associated with the PDSCH on this type of carrier is transmitted from the PCell using cross-carrier scheduling and the UE is informed of the starting position for decoding the PDSCH via higher layer signaling. The zero-CRS carrier can be implemented under the current Rel-10 specifications. One of the concerns about this carrier is the synchronization. It was proposed in [2] that higher-layer signaling be used for the synchronization of the Scell, which could be applied to the zero-CRS carrier. This method may work in the intra-band case and the case when the transmission points of the PCell and SCell are collocated. However, synchronization using this method is not ensured for the other cases including the inter-band case, and the case when the transmission points of the PCell and SCell are geographically separated. Therefore, after determining target scenarios including the usage of frequency bands, the impact on synchronization should be clarified if the zero-CRS carrier is to be supported.
· Extension carrier [3]
The features of this carrier proposed in Rel-10 are characterized in [3]. Studying these features would be a good starting point for further investigation in Rel-11. In defining the extension carrier, the impact of the following features should be taken into account.

· PBCH
· PBCH is used to transmit the master information block (MIB). For the Rel-10 CA, the PBCH is transmitted from the PCell. Therefore, the PBCH on the extension carrier is not necessary.

· PSS/SSS

· If higher layer signaling is feasible for synchronization, PSS/SSS may not be necessary. However, the issue regarding the synchronization depends on the target scenario including usage of the frequency band, and thus the necessity of PSS/SSS should be further investigated.
· PDCCH/PHICH/PCFICH 

· As described above, the PDCCH can be transmitted from the PCell using the cross-carrier scheduling. Furthermore, if the enhanced PDCCH (E-PDCCH) based on the demodulation reference signal (DM-RS) is defined in Rel-11, the E-PDCCH could be employed. Therefore, the legacy PDCCH transmission is considered unnecessary.

· CRS

· In Rel-8/9/10, the CRS is employed for many purposes. For demodulation and the channel state information (CSI) measurement, the CRS is not necessary since the DM-RS could be used for demodulation and the CSI-RS could be used for CSI measurement. The feasibility of time and frequency synchronization (FFT timing detection) without the CRS could be further investigated. Regarding measurements such as handover measurement, the CRS for the PCell could be used for this purpose if the extension carrier is used for intra-band CA at a single transmission point. For the inter-band CA and/or CA employing geographically-separated transmission points with the extension carrier, further discussion would be necessary regarding how to handle mobility management. 
· PDSCH

· Rate-matching for the PDSCH should be modified from that in the Rel-8/9/10 specifications. The impact on the specification might be marginal.

Based on the discussion above, we make the following suggestion for further study.

Proposal 1: The extension carrier defined in Rel-10 should be studied as an additional carrier type for optimizing the Rel-11 scenarios including HetNet and CoMP. 

Proposal 2: A method for ensuring time and frequency synchronization on the extension carrier should be investigated.

Table I. Comparison of Additional Carrier Types
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One disadvantage of defining an additional carrier type is that this carrier will never be configured as the SCell for Rel-10 UEs capable of CA. This has a significant impact on the real deployment of an additional carrier type if the number of Rel-10 terminals is much larger than that for Rel-11 terminals in the market. In this case, it is difficult to operate an additional carrier type. In order to facilitate the introduction of the additional carrier type, it is beneficial to configure backward compatible subframes on the additional carrier type as shown in Fig. 2. In this case, the Rel-10 UE can access the backward compatible subframes even on the additional carrier type. The ratio of the backward compatible subframes may be changed based on the ratio of the Rel-10 terminals and Rel-11 terminals. 
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Figure 2 – Example configuration for additional carrier types.
Proposal 3: The mechanism through which the Rel-10 UE can access the additional carrier types should be supported in order to facilitate the introduction of additional carrier types. 

4. Conclusion

In this contribution, we presented our initial views on an additional carrier type in HetNet scenarios. Then, the possible features for additional carrier types were also investigated. Our suggestion for the next step is summarized below.
Proposal 1: The extension carrier defined in Rel-10 should be studied as an additional carrier type for optimizing the Rel-11 scenarios including HetNet and CoMP.
Proposal 2: A method for ensuring time and frequency synchronization on the extension carrier should be investigated.

Proposal 3: The mechanism through which the Rel-10 UE can access the additional carrier types should be supported in order to facilitate the introduction of additional carrier types. 
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