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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 that same DL carrier. In a multicarrier LTE-A system, there are several PCFICH design choices and scenarios to consider. In this document we consider different options and propose a PCFICH design suitable for LTE-A multicarrier operation. 
2 Discussion
PCFICH for multiple carriers could be designed as 

· Common PCFICH, where all component carriers have the same size DL control region (PDCCH), and the same PCFICH value is enforced for all carriers, i.e. the same PCFICH signal is transmitted from all component carriers

· Independent PCFICH, where independent size PDCCH per carrier is enabled and control region is adjusted individually per component carrier.

The first approach imposes scheduling restrictions and may lead to inefficient resource utilization. On the other hand, the second approach optimizes the PDCCH overhead especially when the traffic load among component carriers is different.
Transmitting the control, including the information carried by PCFICH, reliably on one carrier enables advanced ICIC techniques to be applied. This is a possible scenario for the heterogeneous network deployments [1] that can result in bad interference conditions, since no ICIC provisioned in Rel-8 for control channels. Therefore, in addition to the cross-carrier assignments, the cross-carrier PCFICH operation is needed.
There are several options how to convey PCFICH information for different carriers assuming cross-carrier operation
· Grant based – In order to avoid decoding of PCFICH on each component carrier, PCFICH information on the other (than the one where the grant is sent) configured carriers could be incorporated into the grant. This assumes the cross-carrier operation carried through by the single carrier grant. The DL cross-carrier assignments would have to be extended by the bits needed for PCFICH information

· Multicarrier PCFICH – PCFICH for multiple carriers can be transmitted on a single (anchor) carrier in the form of multicarrier PCFICH (single PCFICH containing the information for all configured carriers), or multiple single carrier PCFICHs, assuming cross-carrier operation
· Cross-carrier PCFICH and PCFICH based PDCCH CRC scrambling – Each cross-carrier grant is scrambled by the corresponding DL carrier PCFICH value in addition to cross-carrier PCFICH for each DL carrier being transmitted on the anchor carrier. The PCFICH detection reliability is good without increasing the false alarm probability (as compared to PCFICH based PDCCH CRC scrambling only). This approach prevents the problems when cross-carrier grant is successfully decoded and the PCFICH for the DL carrier for which the assignment is intended is not (as may happen with the previous approach)
Since the cross-carrier PCFICH and PCFICH based PDCCH CRC scrambling does not require any change in DCI formats and provides good detection reliability, it could be considered as the preferred approaches. 
3 Transmission of the Cross-carrier PCFICH
When PCFICH of the non-anchor carriers is transmitted on the anchor carrier, it is important to maintain backward compatibility in terms of PCFICH/PHICH/PDCCH design on the anchor carrier. A few options on how to transmit the PCFICH are possible

· Explicit cross-carrier PCFICH indication

· Cross-carrier PCFICH conveyed in control region 

· There is a cross-carrier PCFICH indication in addition to the  cross-carrier indicator in the corresponding DCI 

· The actual resource used for the non-anchor PCFICH are the unused REGs after the anchor PCFICH/PHICH/PDCCH, and/or the last CCE(s) for PDCCH 

· The cross-carrier PCFICH is conveyed on specific PHICH configured resources

· Cross-carrier PCFICH conveyed in data region

· Implicit cross-carrier PCFICH indication

· Cross-carrier PCFICH conveyed by different scrambling on DCIs with a cross-carrier indicator.
The PHICH configured resources for the cross-carrier PCFICH transmission provides the best granularity and configurability without any additional mapping specification, and therefore could be considered as the preferred approach.
4
Summary 
In this document we considered different PCFICH design options applicable to carrier aggregation LTE-A operation. Based on the conclusions, we propose the following
· Independent PCFICH per carrier
· Enables  individually adjusted control region per carrier

· Optimizes the control overhead when the traffic load among carriers is different

· Cross-carrier PCFICH

· Transmitted on the DL carriers that carry cross-carrier indicators for DL assignments
· Enables advanced ICIC techniques for control to be applied

· Component carriers configured to convey assignments with cross-carrier indicators provide the indication of the corresponding cross-carrier PCFICH

· Exact method is FFS
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