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1 Introduction
For LTE-Advanced, carrier aggregation has been discussed for wider bandwidth transmission [1]. On control signaling for carrier aggregation, it was agreed that a PDCCH is transmitted within one component carrier. In RAN1#57, following baseline was agreed. 

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits
· In case of 0 bits, no carrier indicator

In this document, we discuss the merits of cross component carrier assignment, i.e. allowing PDCCH to indicate different component carriers. 
2 Merits of PDCCH with cross component carrier assignment
PDCCH with cross component carrier (CC) assignment (i.e. non-zero bit carrier indicator) is useful especially for the following scenarios. 
· PDCCH-less Component Carrier operation
Non-accessible CCs are considered in order to allow a more efficient operation of carrier aggregation. In non-accessible CCs, it is useful to allow an operation without PDCCH region and therefore, possible to transmit the PDSCH from the first OFDM symbol. 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. Therefore, the DL data throughput can be improved. For example, in case of two CCs the throughput can be increased by roughly 3.8% (= 1OFDM/(13OFDM x 2CC)) and by 6.2% (=4/(13x5)) in case of five CCs. 

A component carrier without PDCCH can be indicated by using the 4th PCFICH state or by a semi-static configuration via higher layer. Semi-static configuration would be preferable because it seems reasonable not to transmit PCFICH on the PDCCH-less CC for the simple PDSCH mapping and power setting. The operation details including the PCFICH handling and the PHICH transmission on these DL CCs should be further discussed. 

We currently do not see the need to update transport block size table by this modification. RBs on a PDCCH-less CC can be seen as just RBs with more available REs. Then the impact to release 8 codec chain can be minimized. 
The handling of synchronization and the transmission of system information in case of operating PDCCH‑less component carriers is addressed in an accompanying contribution [2]. 

· Efficient heterogeneous network deployments (e.g. with macro and femto/relay) 
For a heterogeneous network deployment, interference coordination is useful to extend the femto/relay cell coverage (e.g. Coverage expansion[1]) which leads improvement of the system throughput. In a single component carrier operation, interference coordination for PDCCH is difficult because PDCCH is distributed over the component carrier in a cell specific manner. However, in an operation with multiple component carriers, interference coordination for PDCCH can be easily achieved because it allows interference coordination at component carrier level. In this case, PDCCH with cross-CC assignment is beneficial because it allows to transmit the PDCCHs for cell edge UE from CC with less interference. 
Figure 1 shows an example of a PDCCH allocation in a heterogeneous deployment with two component carriers (DL CC1 and DL CC2). In the macro cell, a higher transmit power is used on DL CC1 while a lower transmit power is used on DL CC2. In the femto/relay cell, the transmit power is low on both DL CCs. The reduction of transmit power is important for femto/relay cell to reduce the overall cost in the femto/relay cell. For cell edge UEs in the femto/relay cell, the PDCCH on DL CC1 suffers severe interference from the macro cell PDCCH. Therefore, it is useful to transmit the PDCCH from DL CC2 to assign PDSCH on DL CC1. 
One may argue that an allocation on DL CC1 for femto/relay cell UEs is anyway very limited because also the DL CC1 PDSCH suffers severe interference from the macro cell PDSCH. This would be true in case of heavy load in macro cell. However, in case of a lightly loaded macro cell, some RBs in DL CC1 can be used for femto/relay cell by a RB‑level interference coordination in DL CC1 for the PDSCH. On the contrary, in case of a heavy loaded macro cell, some RBs in DL CC2 can be used for macro cell by a RB-level interference coordination in DL CC2. Thus, PDSCH resources can be efficiently utilized depending on macro/femto/relay cell load. If cross CC indication by PDCCH is not allowed, the component carrier bandwidths have to be adjusted according to cell load to utilize the PDSCH resources efficiently. This is not possible without impacting the connection of all UEs in these cells. We think this is not so possible in a realistic operation. 

Furthermore, in realistic non-full buffer scenarios, RBs may not be fully utilized. In such case, it is useful to transmit the PDCCH on DL CC2 (i.e. low interference) to assign a TB on DL CC1 or TBs on any UL CC in addition to a TB on DL CC2.
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Figure 1 example of operation for heterogeneous deployment 
· Operation with low CCE blocking probability 

Even for macro cell deployments, cross CC assignment is useful to improve the CCE blocking probability, since the scheduler has more flexibility to allocate the PDCCHs. The search spaces, e.g. as defined in LTE, for any TB allocation could be used on any configured CC. This argument holds for DL as wells as for UL.
From above benefits, we propose to support cross component carrier assignment. 
3 Conclusion 

In this contribution, we discuss the merits of a PDCCH structure supporting cross component carrier assignments and propose to agree on a non-zero carrier indicator field in the PDCCH based on the following arguments: 
· Support for low overhead operation with PDCCH-less component carrier, providing up to 6.2% system throughput gain.
· Support for heterogeneous network deployments with efficient load balancing between component carriers by component carrier level interference coordination for PDCCH and RB-level interference coordination for PDSCH between macro and femto/relay cells. 

· Support for an operation with low CCE blocking probability due to the flexible PDCCH allocation
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