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1
Introduction
In LTE, the physical control format indicator channel (PCFICH) carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe. The PCFICH sent on a DL carrier carries the information for the same DL carrier.
RAN1 previously agreed that in an LTE-A system using carrier aggregation, the control region size on each component carrier is independent and the PCFICH design will reuse the Rel-8 PCFICH design. In addition, it was agreed that in the case of cross carrier scheduling, a standardized solution will be supported to provide the UE the CFI of the component carrier on which PDSCH is assigned. 
In this document we present a standardized solution to provide the CFI to be assumed by the UE for the reception of cross-scheduled PDSCH which can hopefully be agreed to close this aspect of carrier aggregation design. 
2 Discussion
It was previously decided that in a LTE-A system using carrier aggregation, the control region size on each component carrier is independent and the PCFICH design will reuse the Rel-8 PCFICH design. In case of cross carrier scheduling, a standardized solution will be supported to provide CFI to the UE for the carriers on which PDSCH is assigned.
Standardized solutions can be classified as
· Semi-static, RRC configured PCFICH for CCs on which cross-carrier scheduling is applied

· Dynamic, DCI based by embedding cross-carrier PCFICH along with CIF
· UE assuming the same CFI on the PDSCH CC as the one on the PDCCH CC
The semi-static approach does not have the full flexibility of the dynamic approach, but provides fewer scheduler constraints as compared to always assuming a fixed PCFICH value. The semi-statically configured value has to conform to the largest expected length of the control region of the PDSCH CC that is controlled by its dynamic PCFICH. The CFI dynamically signalled in the target CC does not need to be the same as that semi-statically configured for the cross-carrier scheduled UEs. Therefore, the possible additional overhead would only be incurred in case the control span indicated by the dynamic CFI of the target cell is smaller than the semi-statically configured control span used by cross-carrier scheduled UEs, and only for those RBs scheduled via cross-carrier scheduling. Fully dynamic control span is still supported for all RBs not scheduled  through cross-carrier indication.    

The dynamic scheme may incur additional overhead to signal CFI or additional complexity to convey CIF and CFI within the same field. This additional complexity would come with the sacrifice of forward compatibility of the CIF field to support up to 5 CCs. At the same time, this is the most “efficient” solution as it provides the tailored control overhead according to the PDCCH transmission needs.

The third approach where UE assumes the same CFI on the PDSCH CC as the one of the PDCCH CC does not seem as a viable solution as the assumption is based on the uncorrelated CFI values of the PDSCH CC and one or more other PDCCH CC. Discrepancy in CFIPDSCH and CFIPDCCH would result in decoding performance loss of PDSCH.

To allow flexible system operation we believe all Rel-8 CFI values should be supported. 

3
Summary 
In this document we considered different options related to control region indication of the target CC when cross-carrier scheduling is used.

Based on the discussion in section 2, we propose the following

· All Rel-8 CFI values are supported to define the control region span of any CC, including CCs that are scheduled via cross-carrier scheduling
· The standardized solution that we propose for the indication of the control span of a CC scheduled using  CIF is as follows: 
· Whenever CIF is configured, the standardized solution for reliable CFI detection in target CC is always used

· Effectively, this means that UEs being scheduled via cross-carrier scheduling are not required to decode PCFICH of target CC

· UEs scheduled on a given CC via cross-carrier scheduling (using CIF) may assume that the control span of that CC corresponds to a value semi-statically configured (by RRC). 
· The CFI value dynamically signaled in the target CC can take values different than that indicated by RRC for cross-carrier scheduling

· In case no cross-carrier scheduling is used in a given subframe, the CFI of the target CC can take any value

· In case cross-carrier scheduling is used in a given subframe, the CFI of the target CC can take values smaller than or equal to the ones indicated by the higher RRC for cross-carrier scheduling
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