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1. Introduction
In the last meeting, the following agreement was reached during a sub-session for enhanced DL control channel [1].

· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))

2. Discussion
It may be reasonable to make an E-PDCCH span both 1st and 2nd slots if the size of TrCH to be conveyed on a PDSCH scheduled by the E-PDCCH is not very large. However, if the Rel-11 E-PDCCH design is made so that any E-PDCCH can only schedule PDSCH with a restricted TrCH size, scheduling flexibility will be reduced in some future applications. We think some types of E-PDCCH or some E-PDCCH configurations should allow for scheduling by E-PDCCH of PDSCH with no TrCH size restriction.
If having a powerful enough ability of buffering and decoding received PDSCH, a UE can finish processing a very-large-size PDSCH scheduled by an E-PDCCH spanning both the first and second slots by the required time deadline. On the other hand, some UEs with a lower ability cannot do that.
We may consider cross-subframe scheduling as an approach to the scheduling by E-PDCCH of very-large-size PDSCH. If a PDSCH on a DL subframe for a UE is scheduled using an E-PDCCH on the previous subframe, the UE can have enough time to decode the PDSCH. One may argue that the use of existing PDCCH is sufficient for this purpose. However, in some system operation scenarios in future, a DL control signal for a certain UE will be better not to be transmitted from legacy PDCCH region.
The use of cross-subframe scheduling would impact mainly on DL HARQ operation, and thus requires some relevant specifications to be modified. In the modification it should be stated that ACK/NACK corresponding to a PDSCH on n-th DL subframe scheduled by an E-PDCCH on (n-1)-th DL subframe is transmitted on (n+4)-th UL subframe. The PUCCH resource for the ACK/NACK transmission may be configured by a higher-layer signaling. The eNodeB should carefully manage PUCCH resources so as to avoid collision of PUCCH transmission corresponding to some cross-subframe-scheduled PDSCHs and some same-subframe-scheduled PDSCHs.
In what follows, it is shown how the cross-carrier scheduling can be realised in Rel-11 from the viewpoint of E-PDCCH design. One point to consider is how a UE can know whether a received E-PDCCH is for cross-subframe scheduling or same-subframe scheduling. The most straightforward approach is to simply include a subframe indicator in DCI. The indicator is 1 or 2 bits in size. However, this explicit approach can increase DL control information overhead. 
The following approach to the issue above for E-PDCCH spanning both 1st and 2nd slots can avoid an increase in DCI overhead (but at the cost of RRC signaling bits).

· Approach#1: Transport block size calculated with the scheduled PRB size and MCS is used as an indicator by which the UE can determine whether a received E-PDCCH is for cross-subframe scheduling. A size threshold, M, is informed to UE in advance via RRC signaling. If the calculated transport block size is larger than M, the E-PDCCH is for cross-subframe scheduling. Otherwise, it is for same-subframe scheduling. When M is set to 0, or M is not configured to a UE, any E-PDCCH is interpreted by the UE to be for same-subframe scheduling. M may be a UE-specific parameter. (Note: If M is common to Rel-11 UEs in a cell, unnecessary cross-subframe scheduling is applied to PDSCH transmission to UEs having sufficient ability to treat large-size PDSCH.)
Another approach is to utilise the place where the concerned E-PDCCH is placed, as an implicit indicator by which the UE can determine whether the E-PDCCH is for cross-subframe scheduling. The approach is as follows:

· Approach#2: E-PDCCH for DL cross-subframe scheduling doesn’t span both 1st and 2nd slots but be placed on 2nd slot only.  When UE detects an E-PDCCH in 2nd slot only and finds it is for DL scheduling assignment, the UE shall assume the E-PDCCH is for cross-subframe scheduling of a PDSCH on the next subframe.
Approach#2 doesn’t increase DCI overhead and may not increase RRC signaling overhead. But it may increase UE operation overhead if E-PDCCH placed on 2nd slot only is supported in addition to E-PDCCH spanning both 1st and 2nd slot. This approach may be still effective for certain types of low-class UEs. 
3. Conclusion
In the present contribution, we propose to consider support of cross-subframe scheduling by E-PDCCH of PDSCH in Rel-11. Two approaches to the cross-subframe scheduling are shown, which don’t require modifications to existing DCI formats. The two approaches are roughly described as follows:
Approach #1: The transport Block size calculated from the allocated PRB size and MCS is used as an implicit indicator by which UE can determine whether the received E-PDCCH is for cross-subframe scheduling, by comparing the calculated value with a threshold value informed via RRC signaling.

Approach #2:One-slot E-PDCCH is introduced. The place where a one-slot E-PDCCH is placed is used as an implicit indicator by which UE can determine whether the received E-PDCCH is for cross-subframe scheduling. If the place where the one-slot E-PDCCH is detected is the 2nd slot, the E-PDCCH is for cross-subframe scheduling.
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