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1 Introduction

There is currently some discussion within RAN1 about which DCI formats, and by extension, which transmission modes, to support when the EPDCCH is used to convey assignments to UE. In this contribution, we discuss which DCI modes need to be supported on the EPDCCH. 
2 Discussion
2.1 On the support of DCI formats 3/3A

DCI formats 3/3A are group power control commands. In Rel-10, these commands are transmitted in the PDCCH common search space. For Rel-11, there is no EPDCCH common search space. Thus, one question is whether to support DCI formats 3/3A in the UE-specific EPDCCH search space.

It has to be noted that a UE monitoring EPDCCH must also monitor the PDCCH common search space. Furthermore, the group power control command may also be sent to Rel-10 UEs. Consequently, it appears unnecessary to support DCI formats 3/3A on the EPDCCH.

· Proposal: DCI formats 3/3A is not supported on the EPDCCH
· The UE receives group power control commands on the PDCCH common search space.
2.2 Supported DCI Formats for PDSCH on the EPDCCH
There currently are 10 transmission modes defined for the PDSCH:

· Mode 1: Single antenna port, format 1

· Mode 2: Transmit diversity, format 1
· Mode 3: Large delay-CDD or transmit diversity, format 2A
· Mode 4: Closed loop spatial multiplexing or transmit diversity, format 2
· Mode 5: MU-MIMO, format 1D
· Mode 6: Closed loop spatial multiplexing with single layer, format 1B 
· Mode 7: single layer, format 1
· Mode 8: Dual layer or single layer, format 2B
· Mode 9: Up to eight layers, format 2C
· Mode 10: CoMP transmission, format 2C [2D FFS].
Given that the EPDCCH transmission uses DMRS, it is logical to support the DMRS-based transmission modes. Hence, TM 7-10 should be supported.
· Proposal 2: Transmission modes 7-10 are supported
TM 1-6 rely on CRS transmission. Thus, given that the EPDCCH transmission is DMRS-based, one question is whether these transmission modes should be supported as well.
First, it has to be noted that a fallback transmission mode is needed. For robustness purposes, the fallback transmission mode should be open-loop. Consequently, at least TM 1 and TM 2 should be supported.

For TM 3 – TM6, the perspective is different: TM 3 and TM 4 provide the high spectral efficiencies with lower and higher feedback overhead, respectively. TM 5 provides MU-MIMO support, however not as good as TM 9. In a low rank channel (i.e. mostly rank 1 transmission), using TM 6 would save feedback reporting overhead.
Given that although DMRS-based, a UE monitoring the EPDCCH can monitor a normal subframe, it is quite possible that the CRS will be present in that particular subframe. It is the case when Rel-10 or earlier UEs are also scheduled in this subframe. Consequently, it seems that these CRS-based transmission modes should be allowed for a UE scheduled with EPDCCH. Furthermore, given that the transmission mode is scheduled with RRC signalling, and that not all subframes may have an EPDCCH present, it seems logical to support all transmission modes, and let the network operator decide which transmission mode to use for a particular UE. This also has the merit of simplifying the specification work since the same table as for PDCCH (Table 7.1.5) can be reused for EPDCCH.

· Proposal 3: Transmission modes 1-6 are supported
Given that DCI formats 1A and 1C are very robust, they should be supported. In addition, format 1A should be used for fallback mode.
2.3 Supported DCI Formats for PUSCH 
DCI formats 0 and 4 are used for PUSCH single-antenna port and multi-antenna port transmission, respectively. The resource allocation for PUSCH is also included in the formats.
· Proposal 4: DCI formats 0 and 4 are supported
2.4 Supported DCI Formats for cross-carrier scheduling

Another consideration is an EPDCCH cross-carrier scheduling on to a carrier where CRS-based transmission modes are used. In this case, the aforementioned DCI formats (i.e., all except 3/3A) should be supported.
3 Conclusions

· All DCI formats are supported for UEs scheduled with EPDCCH except DCI formats 3/3A

· The UE receives group power control commands on the PDCCH common search space.
