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1. Introduction
On PDCCH design for carrier aggregation in LTE-A, the following was agreed in RAN1#58 [1] and the presence/absence of the CI field is semi-statically enabled:
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH on a single linked UL component carrier

· PDCCH on a component carrier can assigns PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field
· In both cases, limiting the number of blind decoding is desirable

From the above conclusion, cross carrier scheduling is supported in LTE-A and 1– 3 CI bits are added to DCI formats to indicate on which component carrier the DL or UL transmission is scheduled. One remaining issue is the detailed design of CI bits. In general, two methods can be considered as following:
· Fixed CI bit width for all UEs
· A fixed 3-bit CI field, irrespective of number of component carriers in the system.

· CI bit width depending on the number of component carriers in the system.
· Variable CI bit width for different UEs 
· The length of CI bits determined by the UE specific DL or UL Component Carrier Set
· Length of CI is explicitly signaled
· Length of CI is implicitly derived
In this contribution, we discuss the detailed design of CI bits and show our preference.
2. Discussion
In this section, we compare the two design options for carrier indicator bits from the following aspects:
· DCI format ambiguity
Due to circular buffer based rate matching, coded bits can repeat themselves for different CCE aggregation levels. In addition, Rel-8 PDCCH search space for different CCE aggregation levels can overlap. Hence, multiple CCE aggregation levels may pass CRC checking. Since the uplink ACK/NACK resource for dynamic scheduling is linked to the first CCE index, UE may send its ACK/NACK in a different resource which is unknown by eNB. Padding bits are included in certain DCI formats to solve this issue in Rel-8 [2]. 
In case the length of CI bits is variable depending on the assigned DL/UL component carrier set, a certain DCI format may have multiple payload sizes. Hence, padding bits may be needed in more cases than Rel-8, which leads to specification complexity. With a fixed CI bit width, one DCI format has a fixed size for a given bandwidth, which is simpler to handle in case DCI format ambiguity exists. In addition, to limit the number of PDCCH blind decodings, some DCI formats (e.g. format 0/1A) are designed to have the same payload size. Hence, with variable CI bit width, the number of required padding bits may be variable as well, which unnecessarily complicates the design.
· Implementation complexity
With a fixed CI bit width, the implementation complexity remains the same as Rel-8. On the other hand, if the CI bit width varies, UE needs to recognize all possible DCI payload sizes according to the number of assigned DL/UL component carriers as well as the carrier bandwidth. This increases implementation complexity at both eNB and UE. Figure 1 shows an example, where CCs 1 – 3 are assigned to UE 1, and CCs 2 – 4 are assigned to UE 2. Some CCs (e.g. CC 2 and CC3) are identified with different CI values for different UEs, e.g. CC 2 is labeled as “01” for UE 1 and “00” for UE 2, which unnecessarily increases the eNB implementation complexity.
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Figure 1: CC indicator to different UEs
· Overhead
It has been argued [3] that the fixed CI bit width design may lead to unnecessary overhead. However, as analyzed in [4], for a 5 MHz system, the size of DCI format 1 (including CRC bits) is of 46 bits for TDD. With the agreement that the maximum number of CI bits is 3, energy per bit reduces by approximately 0.3 dB with the introduction of a 3-bit CI field in DCI format 1 with 5 MHz system bandwidth. Note that the degradation on energy per bit is even less when the DCI format size is larger, e.g. for larger bandwidth or other DCI formats. Hence, there is little difference in terms of overhead between the fixed and variable CI bits designs.
Based on the above discussion, we have the following proposal:
In the presence of CI bits, a fixed 3-bit CI field shall be incorporated in LTE-A DCI formats
3. Conclusion
In this contribution, we discuss detailed design options for carrier indicator bits in LTE-A. Our preference is 
· In the presence of CI bits, a fixed 3-bit CI field shall be incorporated in LTE-A DCI formats
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