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1. Introduction

At the RAN1#57bis meeting, the following definitions were adopted in order to aid further discussions on carrier aggregation.
Backwards compatible carrier:

· 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.

Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 

Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

This contribution describes our view on the necessity of these component carrier (CC) types for bandwidth extension. 
2. Necessity of Additional Component Carrier Types
2.1. Categorization of Component Carrier Types
Although three types of CCs were defined in RAN1 as described above, it is unclear as to whether Rel. 8 UEs and LTE-Advanced UEs are allowed to camp in the idle mode (RRC_IDLE) or are allowed to be connected in the active mode (RRC_CONNECTED). Considering these UE states, we further categorized the CCs into five types as given in Table 1. In the table the following cases are omitted (marked with “-”), since such cases have no usage case.
· LTE-Advanced UEs can neither camp in the idle mode nor be connected in the active mode.

· LTE-Advanced UEs can be connected in the active mode but cannot camp in the idle mode, whereas Rel. 8 UEs can camp as well as be connected.
Table 1 – Potential CC types
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2.2. Potential Deployment Scenarios
To understand which of these CC types are necessary, potential deployment scenarios for LTE-Advanced are studied.
· Reduction of common control channel overhead when multiple CCs are available
As shown in Fig. 1, a Rel. 8 LTE network can concentrate idle mode camping of UEs into a single carrier, when the network has multiple carriers. Other carriers can be used only through network-controlled handover, after connection has been established. Such carriers can indicate using system information block (SIB) 1 that the cell is barred (include cellBarred) [1] and omit system information beyond SIB2. This will reduce the overhead caused by common control channels at the expense of handover processing in order to utilize all the carriers.
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Figure 1 – Limited transmission of common control channel in Rel. 8 LTE
Since such deployment is already possible through the network configuration in Rel. 8, we assume that LTE-Advanced should also support this structure. As such, the Type 3 CC is thought to be necessary, an example of which is shown in Fig. 2(a). A question arises regarding whether or not allowing camping of only LTE-Advanced UEs on both CCs is necessary, while Rel. 8 UEs can camp only on one of the CCs as shown in Fig. 2(b). Since the benefits of such deployment are unclear, the necessity of Type 2 CC is FFS.
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(a) Types 1 and 3                                         (b) Types 1 and 2

Figure 2 – Limited transmission of common control channel in LTE-Advanced
· Support of various cell deployments
It is also important to support various cell deployments, which are shown in Fig. 3. In the figure, three cell structures are shown as examples. 
· Cell A: Macro cell in a high traffic density area
· Cell B: Macro cell in a relatively low traffic density area
· Cell C: Femto cell, i.e., lower transmission power compared to macro cell
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Figure 3 – Cell deployments in a practical scenario
We first discuss the CC structures in Cells A and B. In order to accommodate different traffic loads, the number of CCs can be different in Cells A and B, e.g., Cell A has two CCs while Cell B has only one CC as shown in Fig. 4. In Fig. 4(a), all CCs consist of Type 1 CCs. When a UE moves from Cell A to a neighbouring Cell B, the UE must perform inter-frequency reselection for CC 1, if the UE was camping on CC 2 in Cell A. The network will also need to have some means to distribute the camping load between CC 1 and CC 2 in Cell A, when a UE enters Cell A from Cell B in the idle mode. These inter-frequency reselections require the UE to measure inter-frequency CCs and can consume battery power. Since power saving is important in the idle mode, frequent inter-frequency reselection and measurements are undesirable. By limiting the idle mode camping to CC 1, inter-frequency reselection and measurements can be avoided. The other carrier, CC 2, can be used by active mode UEs through network-controlled handover. This can be achieved by using a Type 3 (or 5) CC in CC 2 as shown in Fig. 4(b). Therefore, the Type 3 CC is necessary. If CC 2 is to be exclusively used by LTE-Advanced UEs in the active mode, then the Type 5 CC can also be considered for CC 2.
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Figure 4 – CC structure for Cells A and B
The next case to consider is when Cell A neighbours Cell C, which is also discussed in [2]. If both Cell A and Cell C use both CCs configured as a Type 1 CC as shown in Fig. 5(a), the control signaling performance in Cell C can deteriorate considerably due to interference. We can mitigate this problem by using different CCs in Cell A and C at the expense of decreased throughput as shown in Fig. 5(b). Although Cell C, i.e., a femtocell can be used to offload Cell A by capturing traffic at hotspots, this may not always be the case, e.g., Cell C might be closed to only certain UEs, i.e., the cell is a closed subscriber group (CSG) cell. In such a case, Cell A will not be able to accommodate the high traffic load with only one CC. In order to improve the throughput in this scenario, a Type 5 or 3 CC can be used as shown in Fig. 6, so that traffic in the active mode can be conveyed on both CCs in both Cells A and C.
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Figure 5 – CC structure for Cells A and C (Type 1 only)
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Figure 6 – CC structure for Cells A and C

2.3. Necessity of Additional Component Carrier Type
Since the functionality of the Type 4 and 5 CCs are included in that of the Type 1 and 3 CCs, respectively, the need for the Type 4 and 5 CCs should be carefully investigated. The Type 4 and 5 CCs are not accessible by Rel. 8 UE, and thus their potential benefit is to reduce further the overhead compared to other CC types by optimizing the structure for LTE-Advanced. Overhead reduction of the Type 5 CC can be achieved by removing some of the physical channels or signals such as PSS/SSS, CRS, PBCH, or PDCCH. In certain scenarios where CCs can be used exclusively by LTE-Advanced UEs [3], Types 4 and 5 can be considered. Furthermore, depending on the discussion regarding the number of RBs per CC in carrier aggregation in RAN4 [4] – [8], the Type 5 CC would be beneficial if used for an edge band spanning of relatively smaller bandwidths. However, we first need to investigate the feasibility of the overhead reduction of the CC types 4 and 5 together with the relevancy of deployment. 
Table 2 – Our views with regards to potential CC types
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3. Conclusion

In this contribution, we presented our views on the necessity for CC types for bandwidth extension.
· The Type 3 CC is necessary in LTE-Advanced. The cell barring mechanism for LTE-Advanced should be specified in RAN2, although the physical channel structure is the same as that in Rel. 8 LTE.
· The need for Types 4 (non-backwards compatible carrier) and 5 (extension carrier) CCs should be carefully investigated in terms of the performance gain such as overhead reduction in RAN1 and the discussion regarding the number of RBs per CC in carrier aggregation in RAN4.
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