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1 Introduction
PDCCH design in carrier aggregation has been discussed and summarized in the RAN1#57 with the following baseline: 

· 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

It hasn’t been decided that whether the coded DL assignment and UL grants for a component carrier can be transmitted through another component carrier, but there will be more flexible to allow the transmission on another component carrier. 
When the DL assignment and UL grants for a component carrier will be transmitted on another component carrier, additional carrier indication is needed in the transmitted downlink control information (DCI). A straightforward method is to add an additional field as carrier indicator in DCI format to identify the component carrier belonging to explicitly. Since there is no component carrier indicator filed in Rel’8 DCI format, the DCI format will need to have modification to support carrier indication. Modification of DCI format results in non-compatible formats to Rel’8 UEs. This contribution proposes to consider other approaches in which Rel’8 DCI format could be reused.  
2 Carrier indication approaches
2.1 Defining carrier identification by RNTIs

Fig. 1 illustrates a possible approach to make use of RNTI to differentiate CCs and/or UEs. When there is one control information belonging to another component carrier(s) arranged to transmit on this component carrier, CC identification is necessary to be contained in the control information. The approach is to make use a new RNTI to identify the belonging CC. Two possible attributes of the control information are 1) for the entire CC-specific usage and 2) for UE-specific usage on the specified CC. The former could be use to carry CC common control information and the later is for UE-specific on the specified CC. The two could be easily differentiated by assigning distinct RNTIs. Accordingly, control information of another CC can be transmitted together with the CC’s control information using the compatible format with differentiable RNTIs.
The approach is to define certain amount of RNTIs for CC-specific usage or UE-specific plus CC-specific according to the attribute of control information. Here the term RNTI is not really need to be First, an obvious benefit of this approach is no need to have explicit signalling for carrier indicator. In addition, the approach allows fully reuse the Release 8 LTE’s control formats in the presence of carrier aggregation of LTE-Advanced system. For the UE, it still as usual looks for control information with valid CRC checks and the number of CRC validation increases. 
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Fig. 1 Carrier identification by defining new meaning of RNTI in PDCCH processing. 

2.2 CRC mask
Another approach is also to point out carrier indication (CI) in an implicit way, which means there is no need using overhead bits. CI information is carried by a CI-related mask after CRC attachment. Fig. 2 illustrates this concept, where the CRC masks for different CIs are designed to be robust to detection error. 
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Figure 2: Adding CRC mask to carry CI information for a DCI.
The benefit is no overheads for carrier indication at the cost of degradation on CRC detection performance. The CRC mask needs to be designed carefully. 
2.3 New DCI format indication 
 In this approach, an explicit indication method is considered for the case with anchor carrier. We propose using a new DCI format in common search space of anchor carrier to indicate a UE what component carriers should also be performed blind decoding. In those indicated component carriers, the DCI formats that belong to the UE have local resource assignments. For example, as shown in Fig. 3, the anchor carrier of UE-k is component-carrier 2. From the new DCI in common search space, UE-k knows component-carriers 1 and 4 also have DCIs for UE-k. Thus, blind decoding should also be performed over these two component carriers besides anchor carrier. The corresponding detected DCIs have resource assignment in component-carrier 1, 2, and 4, respectively. 
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Figure 3: An example to illustrate the concept of Proposal-II.

This approach can reduce the complexity of DCI blindly decoding. UEs will not necessary to search DCI to all component carriers when proposed  DCI can inform UEs which component carriers carry valid downlink control information. Some overhead of control region will be increased when new DCI format is allocated in common search space.

3 Conclusion
This contribution provides two implicit approaches for carrier identification when cross carrier PDCCH is allowed. The two implicit methods provide easy implementation and Rel’8 compatible DCI format to indicate the component carrier.  The last approach is for anchor carrier scenario. These proposals can be further considered and discussed after cross-carrier PDCCH is decided.  
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