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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 and a PDCCH indicates a PDSCH on one component carrier. Cross carrier assignments allowing a PDCCH to indicate PDSCH/PUSCH on different component carriers has also been discussed. The merits of cross carrier assignments are discussed in an accompanying contribution [2]. In this document, we discuss possible schemes for indicating different component carriers. We discuss the following three options [3-5]: 
Option 1: Use of explicit carrier indicator bits
Option 2: Use of separate search space for PDCCH with different target CC
Option 3: Use of CRC mask 
2 Cross carrier indication schemes
2.1 Option 1: Use of explicit carrier indicator bits
In this scheme, each PDCCH contains a Carrier Indicator (CI), which consists of 1-3 bits. The PDCCHs on a CC can assign PDSCH/PUSCH on different CC. The number of CCs which can be indicated from a CC depends on the number of CI bits. Because the carrier indicator indicates the target CC, the all PDCCHs can be transmitted in the same search space on a CC. 
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Figure 1 cross carrier indication by explicit CI bits

The merits and demerits are as follows: 

Merit 
· Need for only one Search Space (SS) per CC which is configured to transmit PDCCH to the UE

· Because multiple PDCCHs for one UE are transmitted within the search space, the search space would have to be larger than the one for Rel8 to alleviate the CCE blocking. 
· The SS can be smaller than Ncc times Rel8 SS with keeping the same level of CCE blocking probability as Rel8 because the same search space is commonly used for PDCCHs targeting different CC. Therefore, the number of blind decodings can be decreased compared to option 2 under the condition of the same CCE blocking probability. 
Demerit 

· DCI size is increased due to the explicit bits. 
· Need to change the existing DCI formats 

· Assuming the DCIs to be monitored may be different for different CCs (i.e. different transmission mode of each CC), the payload sizes are different for PDCCHs targeting different CCs. Therefore, padding is necessary to align the sizes. Otherwise the number of BDs has to be increased. 
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Figure 2 Padding in case of different DCIs for different CCs

2.2 Option 2: Use of separate search space for PDCCH with different target CC 
Separate search spaces are configured for PDCCHs targeting different CCs. The number of BDs is the same as for option 1a (i.e. “parallel LTE operation”) because the search space originally located on each CC in case of option 1a is just shifted to a specific CC. The CCE blocking rate is also identical to option 1a. 
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Figure 3 cross carrier indication by separate search space

Merits and demerits are as follows
Merit: 
· No overhead increase due to the explicit bits.

· No overhead increase due to padding 
Demerit 

· The number of BDs is larger than option 1 and 3. 

· Need to set up multiple search spaces on one CC
· A simple scheme is the next L CCEs to the SS for CC1 are used for the SS for CC2. (L denotes CCE aggregation level)
2.3 Option 3: Use of CRC mask 
In this option, CRC part of the PDCCH is masked by a code depending on the target CC. UE de-masks the CRC part with each code and identify the target CC when the CRC is passed. Merits and demerits are as follows.
Merit 
· No overhead increase due to the explicit bits 

· Need for only one Search Space (SS) per CC which is configured to transmit PDCCH to the UE

· Because multiple PDCCHs for one UE are transmitted within the search space, the search space would have to be larger than the one for Rel8 to alleviate the CCE blocking. 

· The SS can be smaller than Ncc times Rel8 SS with keeping the same level of CCE blocking probability as Rel8 because the same search space is commonly used for PDCCHs targeting different CC. Therefore, the number of blind decodings can be decreased compared to option 2 under the condition of the same CCE blocking probability. 

Demerit 

· Consume C-RNTI space 
· Multiple C-RNTIs are consumed for a UE depending on the number of configured CCs 

· Assuming the DCIs to be monitored may be different for different CCs (i.e. different transmission mode of each CC), the payload sizes are different for PDCCHs targeting different CCs. Therefore, padding is necessary to align the sizes. Otherwise the number of BDs has to be increased.
3 Conclusion
In this contribution, we discussed the following three options for component carrier indication scheme to support cross component carrier assignments: 
Option 1: Use of explicit carrier indicator bits
Option 2: Use of separate search space for PDCCH with different target CC
Option 3: Use of CRC mask
Because there are pros and cons for each scheme, we recognize that further discussion is necessary to conclude on this aspect. Especially, the following related issues will impact the discussion: 
· Overall design of DCI formats
· Overall blind decoding budget 

· The number of component carriers which can be indicated from a component carrier

· The number of component carriers per UE which are used for the PDCCH transmission.  
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