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Discussion/Decision
1 Introduction
In RAN1 #58bis, the issue of cross-carrier control region indication in case of cross-carrier resource assignments was discussed. In subsequent discussions, concerns were identified with the reliability of signaling in the control region of cross-scheduled CCs and it was agreed that a standardized mechanism for cross-carrier PCFICH signaling will be supported [1]. 

In this document, we discuss scenarios where ‘cross-carrier PCFICH’ signaling may be useful and conclude that that the starting location of PDSCH in cross-scheduled CCs need not be dynamically signaled and can be either set to a fixed value or semi-statically configured.  

2 Discussion
The starting location of PDSCH in cross-scheduled CCs can be signalled either dynamically (i.e., every subframe) or semi-statically or set to a fixed value. The exact mechanism should depend on the use cases envisioned for cross-carrier PCFICH signalling.
Cross-carrier PCFICH at Femtocell 
Here we discuss the amount of flexibility available for changing the PDSCH starting location for a cross-scheduled CC transmitted from a femtocell in a Heterogeneous network.
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Figure 1

Figure 1 shows a typical HetNet scenario where UE1 is attached to a macro-cell (macro) and UE2 is attached to a CSG cell (femto1). Both the macro and femto1 use two CCs (CC1 and CC2) for PDSCH. It is assumed that interference on PDSCH is managed via techniques such as ICIC or Beamforming. Interference on PDCCH is managed via cross-carrier scheduling with the macro transmitting its control in CC1 (to schedule data in CC1 and CC2) and femto1 transmitting its control in CC2 (to schedule data in CC2 and CC1). 
As shown in the figure, when UE1 enters the coverage of femto1, cross-carrier PDSCH from femto1 on CC1 can interfere with the control region monitored by UE1. This interference can be mitigated if femto1 takes into account the length of control region of the macro (n_macro_CC1) while determining the starting location of PDSCH in CC1. Since femto1 cannot dynamically predict n_macro_CC1 in every subframe, it is not possible for femto1 to dynamically determine the PDSCH starting location for CC1. One option is to always start its PDSCH in CC1 from n=4 (or n=5 if CC1 bandwidth is 1.4MHz) to avoid interference to macro UEs. Alternately, if some form of slow interference co-ordination between macro and femto1 is also possible, i.e., macro signals maximum value of n_macro_CC1 to all the femtocells within its coverage area, femto1 can semi-statically update its PDSCH starting location in CC1 based on messages from the macro (for example over an S1 interface). 
Cross-carrier PCFICH at Macro-cell 
Here we discuss the amount of flexibility available for changing the PDSCH starting location for a cross-scheduled CC transmitted from a Macro-cell in a Heterogeneous network.
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Figure 2

From a macro-cell perspective, PDSCH starting location on a cross-scheduled carrier (CC2) should be set such that its transmissions (on CC2) do not interfere with PDCCH of femtocells operating on that carrier (CC2). As shown in Figure 2, if n_macro_cc2 is set to 2 in a certain subframe, then macro cell PDSCH on CC2 does not interfere with PDCCH of femto1 (which is using n_femto1_cc2=1) but interferes with PDCCH of femto2 (which is using n_femto2_cc2 = 3). 

Similar to the discussion on Figure 1, it is not possible for the macro to dynamically determine the PDCCH starting locations of all the femtocells within its coverage area and then set its cross-carrier PCFICH value (n_macro_cc2) suitably on a per subframe basis. One option for the macro is to set n_macro_cc2 = 4 (or 5 if CC2 bandwidth is 1.4MHz). Alternatively, if some form of semi-static interference co-ordination between macro and femtocells is assumed, macro can signal a maximum value of n_macro_cc2 to all the femtocells (e.g. over an S1 interface) and expect them to limit their control regions within that value. 
3 Conclusions
For Hetnet scenarios where cross-CC scheduling is most likely to be used, dynamic CFI signaling is not useful as various network nodes (Macro eNBs and Home eNBs) are expected to either semi-statically co-ordinate their control region size or set their control region size to a fixed value to avoid interference.. 
Dynamic CFI signaling using DCI in PDCCH
 is also not possible in certain other cases such as cross carrier SPS scheduling and cross carrier scheduling with 5CCs (both scenarios are currently not precluded in RAN1).
Also, the option of sending separate PCFICH and PDCCH on each individual CC (i.e., no cross-CC scheduling) to provide dynamic CFI signaling similar to Rel8 already exists.
Given these considerations, we propose the following:
Proposal: The starting location of PDSCH in cross-scheduled CCs (i.e., cross-carrier PCFICH) should be either set to a fixed value or semi-statically configured.
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