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1. Introduction
On CIF design for carrier aggregation in LTE-A system, the following was agreed in RAN1#60 meeting [1]:
· CIF mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping

· The following two behaviors are FFS (try to resolve to next meeting): 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF 

· Note that other behaviours are not precluded from the discussion. 

· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

· SI-RNTI is FFS

· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS
In this contribution, we discuss the remaining issues on CIF.
2. Discussion
2.1. Whether a PDSCH/PUSCH CC can be scheduled from more than one CC
Two options were considered in RAN1#60 meeting:

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC
In this option, UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC. When cross-carrier scheduling is applied, the scheduling grants for  multiple DL CCs shall be transmitted on one CC. If the PDSCH CCs are high-loaded, i.e. requiring many DL grants, the PDCCH blocking probability can be significantly higher than Rel-8. 
· Support scheduling a PDSCH/PUSCH CC from more than one DL CC
In this option, for a given UE, a PDSCH/PUSCH CC can be scheduled from multiple PDCCH CCs. On the other hand, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe. This option allows dynamic PDCCH load balancing among multiple PDCCH CCs, which can reduce the PDCCH blocking probability. It is noted that this option does not necessarily increase the number of PDCCH blind decodings, e.g. in case the DCI formats on different carriers are of the same size. In addition, UE shall have a single C-RNTI if operating on multiple carriers. PDCCH false detection probability is not necessarily increased either. Given that the linkage between PDCCH CCs and PDSCH CCs is configured by higher layers, eNB shall have the flexibility to configure a UE with either option. Hence, we currently have the following proposal:
Proposal 1:  Scheduling a PDSCH/PUSCH CC from more than one DL CC shall be supported in LTE-A.
2.2. DCI format with CIF

In previous meetings, it was agreed that DCI formats with CRC scrambled by P-RNTI, RA-RNTI or TC-RNTI do not have CIF. The inclusion of CIF for other DCI formats is not decided yet.
To support cross carrier scheduling, it is reasonable to assume all DCI formats in UE specific PDCCH searching space can include CIF, if configured. One related issue is that whether CIF is needed if DCI formats size is different for different CCs. In [2], it is proposed that CIF is not included when DCI formats for different CCs can be distinguished by DCI length. However, this complicates specification. Thus, CIF shall be always included in UE-specific search space when cross carrier scheduling is configured.

Proposal 2: CIF shall be always included in the DCI formats in the UE-specific search space when cross carrier scheduling is configured.
For the DCI formats in the common search space, we have the following preferences:

· DCI formats for SI transmission
The system information is cell-specific and transmitted on PDSCH. In order to maintain Rel-8 backward compatibility, it is preferred that PDCCH with SI-RNTI does not include CIF. In addition, when a Rel-10 UE powers on, it shall initially work as a Rel-8 UE before entering the carrier aggregation mode. Once a UE is configured to transmit or receive data on multiple CCs, it can read the system information by searching the PDCCH with SI-RNTI on the newly configured CC. Alternatively, the system information on the newly configured CC can be conveyed to the UE via RRC signaling. Therefore, we have the following proposal.
Proposal 3: DCI formats with SI-RNTI shall not include CIF.
· DCI format for random access transmission

For random access procedure, it has been agreed that Rel-10 shall use the same mechanism as Rel-8. For a Rel-10 UE during initial access, it shall behave the same as a Rel-8 UE. Therefore, CIF is not needed for the DCI format with RA-RNTI.

In Rel-8, DCI format 1A scrambled with C-RNTI in common or UE specific search space can be used to initiate a random access procedure by a PDCCH order. The bit contents in such a DCI format 1A are predefined. Currently, it is still FFS whether UE shall maintain multiple UL TAs on different UL carriers. In case multiple UL TAs are supported in Rel-10, then UE needs to perform random access procedures on different UL carriers. Consequently, DCI format 1A as a PDCCH order shall be able to initiate random access in multiple UL carriers.  In this case, CIF is necessary to indicate on which UL carrier UE shall transmit the random access preamble. One possible way to include CIF is to reopen 3 bits from certain field (e.g. the header of “RB assignment field”) in DCI format 1A, if the size of DCI format 1A shall remain the same as in Rel-8.
Proposal 4: If multiple UL TAs are maintained on different UL carriers in LTE-A, DCI format 1A as a PDCCH order to initiate random access procedure shall include CIF.
· DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space
Whether or not DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space may include CIF shall consider the tradeoff between scheduler flexibility and additional PDCCH blind decodings. In case CIF is included in such DCI formats, then additional 6 PDCCH blind decodings are required per CC. If CIF is not included, then the DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space cannot be used for cross carrier scheduling, which limits scheduling flexibility. Considering the limited size of common search space, it is preferred that CIF is not included in DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space for LTE-A. In addition, the PDCCH without CIF in common search space provides a means to maintain eNB-UE connection during CIF re-configuration by RRC. Therefore, we have the following proposal:
Proposal 5: CIF shall not be included in DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space.
· DCI format 3/3A

DCI format 3/3A is used to convey the PUCCH/PUSCH power control commands (TPC). Multiple UEs’ TPC are transmitted within a single DCI format 3/3A. To provide the possibility of multiplexing Rel-8 and Rel-10 UEs in a single DCI format 3/3A, it is preferable that CIF is not included in DCI format 3/3A. On the other hand, cross carrier TPC with DCI format 3/3A is beneficial for controlling SRS transmit power on multiple UL carriers [5]. In case cross carrier TPC with DCI format 3/3A is supported, higher layers shall configure a tpc-index for each UL carrier.
Proposal 6: CIF shall not be included in DCI format 3/3A. Higher layers shall configure a tpc-index for each UL carrier, if cross carrier TPC with DCI format 3/3A is supported.
3. Conclusions
In this contribution, we discuss the remaining issues on CIF, with the following proposals:
Proposal 1:  Scheduling a PDSCH/PUSCH CC from more than one DL CC shall be supported in LTE-A.
Proposal 2: CIF shall be always included in the DCI formats in the UE-specific search space when cross carrier scheduling is configured.
Proposal 3: DCI formats with SI-RNTI shall not include CIF.
Proposal 4: If multiple UL TAs are maintained on different UL carriers in LTE-A, DCI format 1A as a PDCCH order to initiate random access procedure shall include CIF.
Proposal 5:  CIF shall not be included in DCI format 0/1A with C-RNTI/SPS C-RNTI in common search space.
Proposal 6: CIF shall not be included in DCI format 3/3A. Higher layers shall configure a tpc-index for each UL carrier, if cross carrier TPC with DCI format 3/3A is supported.
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