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1 Introduction 
Carrier Indicator Field (CIF) is a bit field appended to the PDCCH message that allows cross-carrier scheduling in Release 10. The following agreements were made regarding the configuration and mapping of CIF in RAN1#59 and RAN1#59bis:
· Configuration for the presence of CIF is UE specific (i.e. not system-specific or cell-specific)

· CIF (if configured) is a fixed 3-bit field
· 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

In this contribution, we discuss the remaining issues on CIF configuration and mapping.
2 Discussion
2.1 CIF configuration and reconfiguration
During the reconfiguration of CIF, there can be mismatch in the CIF configuration between the UE and the eNB due to the latency in the RRC reconfiguration message. There are three types of CIF configuration/reconfiguration issues [1]
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[2]:
· Mismatch in UE-specific configuration and reconfiguration of presence or absence of CIF
· DCI payload size mismatch: During the reconfiguration of cross carrier scheduling on a given component carrier (CC), the size of the monitored DCI formats can vary depending on whether CIF is appended or not
· CIF mapping to CCs
Furthermore, if semi-static activation/deactivation of CCs being discussed in RAN2 is agreed, there may be additional mismatch in activated carriers between the eNB and UE. Similar issue arises for initial configuration of CIF.
Many possible solutions are proposed in [3]-[7]:
· Delaying the reconfiguration of CIF for DCI Formats 0/1A until RRC reconfiguration complete message is received.

· Keep Rel-8 structure in at least one CC

· Transmit two DCI formats (one with CIF in UE-specific search space and one without CIF in common search space); UE monitors DCI Formats for both possibilities of CIF presence or absence.
· CIF is always included in the DCI formats in UE-specific search space for Rel-10 UEs, irrespective of cross-carrier scheduling or not. 
Delaying the reconfiguration would create a scheduling gap of up to 15 ms during the reconfiguration stage and would limit scheduling flexibility. 
By keeping Rel-8 structure in the PCC, scheduling can be done from the PCC during the reconfiguration procedure. However, this approach cannot solve the DCI size mismatch issue. 
The third approach would increase the PDCCH overhead. DCI size ambiguity issue exists for scheduling mixed system bandwidths. This issue could be resolved by adding reserved bits to the DCI formats as described in [10]. If CIF reconfiguration is a rare event such as in cell deployment or handover, the added PDCCH overhead may not be a problem. However, in heterogeneous network deployment involving many cells with small coverage area, handover frequency may increase, in which case PDCCH overhead may be large.
The fourth approach solves the reconfiguration issue at the expense of slightly increased DCI payload sizes for Rel-10 UEs in the absence of cross-carrier scheduling. One default CI value could be defined for same-carrier scheduling. With this approach, the cross-carrier scheduling capability is supported dynamically without explicit cross-carrier configuration by RRC. The same principle applies for initial configuration: cross-carrier scheduling is allowed for all PDSCHs/PUSCHs scheduled by PDCCH in UE-specific search space.
Proposal: We have identified two candidate solutions for resolving problems with CIF reconfiguration:
· Solution A: eNB transmits two DCI formats, one with CIF in UE-specific search space and one without CIF in common search space. UE monitors DCI Formats for both possibilities of CIF presence or not. 

· DCI size ambiguity issue can be resolved by adding reserved bits to the DCI formats as described in [10].
· Solution B: For Rel-10 UEs, CIF is always included in the DCI formats in UE-specific search space. There is no explicit configuration or reconfiguration of cross-carrier scheduling. 

In view of the discussion in section 2.2 below, we propose that Solution B shall be adopted.

2.2 CI mapping
CI-to-CC mapping table
From CIF reconfiguration point of view, it is preferable to include CIF for all Rel-10 UEs. UE-specific CI-to-CC mapping between the PDCCH and the DL/UL CC in the UE-specific CC set is defined. 
· For DL, CI value ‘0’ defines the mapping for same carrier scheduling. Remaining CI values are used to indicate other DL CCs that are configured, according to the mapping signalled UE-specifically by RRC. 

· For UL, CI value ‘0’ indicates the UL Primary Component Carrier (PCC). The other UL CC indices are mapped to CCs according to the mapping signalled UE-specifically by RRC. 

RAN2 has currently defined 8 CC indices. The mapping between CC index and carrier (e.g. EARFCN) would have to be signalled by RRC, as already agreed. 

The remaining question is how the CC indices are mapped to CI values (other than the CC index corresponding to CI value ‘0’ as discussed above). This mapping could also be signalled by RRC, or fixed according to a rule. Fixing the mapping from CC index to CI value according to a rule has some advantages:

· it avoids having to signal two mappings UE-specifically by RRC

· it allows a fixed set of 5 CI values to be used, which would keep open the possibility to reuse the other 3 values in a different way in a later release. 

We therefore propose defining a rule for ‘CC index to CI value mapping’ for the non-zero CI values, such as mapping CC indices to CI values cyclically in increasing order of the configured CC indices. With this approach, no explicit mapping table has to be specified. 
Unused CI values

In Rel-10, three values of CI remain unused. These values can be used as a virtual CRC, ie for PDCCH error detection. An alternative approach proposed by some companies is joint encoding of CI with other control information such as dynamic data region indication for cross carrier scheduling [8] or as an indicator to additional CCs carrying PDCCH [9]. However, these approaches have limited applicability due to the limited number of states that can be represented. We prefer to leave the remaining bits undefined in Rel-10. The CIs shall be reserved for Rel-10 for future extension, e.g. to support larger numbers of CCs in Rel-11 and beyond. PDCCH error detection with virtual CRC is up to UE implementation and need not be specified in the standards.
· Proposal:  
· Implicit CI-to-CC index mapping is preferred.

· For DL, CI value ‘0’ defines the mapping for same carrier scheduling. Remaining CI values map to CC indices in cyclically increasing order. 

· For UL, CI value ‘0’ indicates the UL Primary Component Carrier (PCC). Other UL CC indices are mapped to CI values in cyclically increasing order. 
· Only 5 CI values are used in Rel-10. The remaining CI values are reserved for future extension, e.g. to support larger numbers of CCs in a later release
3 Conclusions
In this contribution, we discussed CIF reconfiguration issue and CI-to-CC mapping. We make the following recommendations:
· Proposal 1: For Rel-10 UEs, CIF is always included in the DCI formats in UE-specific search space. There is no explicit configuration or reconfiguration of cross-carrier scheduling. 

· Proposal 2: 
· Implicit CI-to-CC mapping is preferred.

· For DL, CI value ‘0’ defines the mapping for same carrier scheduling. Remaining CI values map to CC indices in cyclically increasing order. 

· For UL, CI value ‘0’ indicates the UL Primary Component Carrier (PCC). Other UL CC indices are mapped to CI values in cyclically increasing order. 
· Only 5 CI values are used in Rel-10. The remaining CI values are reserved for future extension, e.g. to support larger numbers of CCs in a later release
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