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1
Introduction
In Rel-10, cross-carrier scheduling for legacy PDCCH is supported for more efficient control channel transmissions especially for heterogeneous networks. In this contribution, we discuss some details on cross-carrier scheduling when EPDCCH is configured for a UE with carrier aggregation.
2
Discussion
In Rel-10, a UE can be configured up to 5 component carriers (CCs) for carrier aggregation (CA), where one of them is designated as the primary CC (PCC) while the remaining is termed as secondary CCs (SCC). Cross-carrier scheduling is supported for a UE with CA, wherein a PDSCH on a SCC (often called the scheduled CC) can be scheduled by a PDCCH on a different CC (often called the scheduling CC). In this case, a 3-bit cross-carrier scheduling field (CIF) is included in the downlink control information for both the scheduling CC and the scheduled CC. The scheduling CC contains UE-specific search space not only for itself, but also for the CCs that are cross-scheduled by the scheduling CC. The two or more UE-specific search spaces for PDSCH transmissions on two or more different CCs are a function of the CIFs configured for each respective CC, and are designed to avoid search space overlapping among the two or more CCs to a large extent.
In Rel-11, EPDCCH is supported. One motivation for EPDCCH is to facilitate frequency-domain based inter-cell interference coordination. It remains an open issue regarding how EPDCCH interacts with cross-carrier scheduling, especially considering the fact that the presence of EPDCCH on a carrier may be subframe dependent, i.e., not always present in all subframes.
We consider the following 3 cases:
· Case 1: A SCC is not configured with EPDCCH
· In this case, cross-carrier scheduling based on legacy PDCCH should be supported for the SCC, regardless of whether the UE is configured with EPDCCH for other CCs or not.

· Case 2: A SCC is configured with EPDCCH and the EPDCCH is configured to be present in all downlink subframes 
· In this case, it is natural that EPDCCH for the SCC is also transmitted on the SCC. However, it is possible that EPDCCH for the SCC is transmitted on another CC if that CC is subject to less interference. In this case, EPDCCH is under cross-carrier scheduling, and the 3-bit CIF should be included in the EPDCCH.

· Case 3: A SCC is configured with EPDCCH and the EPDCCH is configured for a subset of downlink subframes for the SCC
· In this case, there are a few design alternatives
· Alt 1: legacy PDCCH with CIF on the scheduling CC and EPDCCH without CIF on the SCC

· This implies that for PDSCH transmissions on the SCC, the UE needs to monitor legacy PDCCH and EPDCCH on different CCs

· Note also that a 3-bit CIF is present in legacy PDCCH for the scheduling CC. However, it is possible that in a given subframe, the one or more scheduled CC does not have legacy PDCCH on the scheduling CC, and the 3-bit CIF in this subframe is thus useless, as shown below. In this example, CC1 is the scheduling CC and CC2 is the scheduled CC. In subframe 1, CC2 is cross-carrier scheduled via legacy PDCCH with CIF transmitted on CC1, while in subframe 2, CC2 is scheduled by EPDCCH transmitted on CC2. In subframe 1, CC1 contains UE-specific search spaces for both CC1 and CC2, and CIF is necessary to differentiate the search spaces for the two CCs. However, in subframe 2, CC1 only contains UE-specific search space for CC1, CIF is no longer necessary. It is thus possible to remove the 3-bit CIF in DCI for CC1 in subframe 2 while still keeping it in subframe 1.
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Figure 1 Illustration of Alt 1: PDCCH with CIF + EPDCCH w/o CIF
· Alt 2: legacy PDCCH with CIF and EPDCCH with CIF 
· In this case, cross-carrier scheduling is also enabled for EPDCCH. Note that it is possible that both the scheduling CC and the scheduled CC are configured with EPDCCH in the same subframe (e.g., subframe 3 in Figure 2). In such a case, it is possible for the two CCs to share the same EPDCCH resource configuration configured for CC1 for defining the two UE-specific search spaces (one for CC1 and one for CC2). Alternatively, the UE can be configured with two separate EPDCCH resource configurations for CC1 and CC2. In any case, some offset between the two UE-specific search spaces may be necessary to avoid search space overlapping for the two CCs. In addition, the same rate matching and quasi-co-location operation can be specified for EPDCCH of CC1 and EPDCCH of CC2, since both are located on the same CC (CC1 in this example).
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Figure 2 Illustration of Alt 3: PDCCH with CIF + EPDCCH with CIF
· Alt 3: No legacy PDCCH without CIF if the SCC is configured with EPDCCH
· In this case, the SCC is not allowed to be cross-carrier scheduled if it is configured with EPDCCH for the UE. As shown in Figure 3, in the subframes on the SCC (CC2) when EPDCCH is not configured, UE may monitor the legacy PDCCH UE-specific search space instead. However, since the legacy control region on CC2 may be subject to overwhelming inter-cell interference from the UE perspective, as an alternative, the UE skip monitor legacy PDCCH in the subframes not configured EPDCCH on the SCC.

[image: image3.emf]CC1

CC2

Subframe 1 Subframe 2 Subframe 3


Figure 3 Illustration of Alt 3: No cross-carrier scheduling for the SCC if it is configured with EPDCCH
For the above 3 alternatives in Case 3, we slightly prefer Alt 3.

If cross-carrier scheduling for EPDCCH for a SCC is deemed necessary, it is preferable that legacy PDCCH and EPDCCH for the SCC are treated the same in terms of cross-carrier scheduling, e.g.:
· Both EPDCCH and PDCCH should have the same CIF definition and are under the same signaling enabling the cross-carrier scheduling for the cross-carrier scheduled SCC, and
· Both legacy PDCCH and EPDCCH for the scheduled SCC are transmitted on the same scheduling CC.
3
Conclusions 

In this contribution, we discussed some issues regarding cross-carrier scheduling for a SCC when EPDCCH is configured for the SCC for a UE, and propose that:
· If a SCC is not configured with EPDCCH, cross-carrier scheduling based on legacy PDCCH should be supported for the SCC, regardless of whether the UE is configured with EPDCCH for other CCs or not.

· If a UE is configured to monitor EPDCCH for a SCC, the SCC can not be cross-carrier scheduled
· In subframes where the UE is configured to not monitor EPDCCH on the SCC, the UE may monitor legacy PDCCH instead. Alternatively, the UE may skip monitoring the legacy PDCCH if the legacy control in the subframe is subject to strong interference.
If cross-carrier scheduling for EPDCCH for a SCC is deemed necessary, it is preferable that legacy PDCCH and EPDCCH for the SCC are handled in the same manner for cross-carrier scheduling (e.g., same enabling of cross-carrier scheduling, same CIF definition, and same scheduling CC to transmit legacy PDCCH and EPDCCH for the SCC, etc.).
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