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1
Introduction
In RAN1#68 meeting, working assumption has been confirmed for DL cross-carrier scheduling for CC specific TDD configuration:
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

· FFS support of other type of cross-carrier scheduling in Rel-11
In RAN1#68bis meeting, DL HARQ timing is widly discussed and it was observed DL HARQ timing for cross-carrier scheduling case is highly related to the cross-carrier scheduling method. So before the determination of the DL HARQ timing for cross-carrier scheduling, methods to support cross carrier scheduling should be discussed.
In this paper, we analyse different possible solutions and give proposals on how to handle DL cross-carrier scheduling case for overlapped subframe, to maximize the DL data rate and minimize the specification impact.
2
Discussions
The problem to support corss carrier scheduling mainly happens for overlapped subframes, i.e. when scheduling cell is UL subframe and scheduled cell is DL subframe, whether to support to schedule DL subframe in scheduled cell and what is the possible solution. The problem is shown in the following figure
[image: image1.emf]Subframe 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Config.1 - scheduling cell D S U U D D S U U D D S U U D D S U U D

Config.2 - scheduled cell D S U D D D S U D D D S U D D D S U D D


Figure 1 problem for DL cross-carrier scheduling for CC specific TDD configuration
In the above example, the consistent DL subframes e.g. subframe 0, 1, 4, 5, 6, 9 there do not have problem based on current confirmed working assumption. For overlapped subfrme e.g. subframe 3, 8, existing DL cross-carrier scheduling scheme is hardly used since scheduling cell is UL subframe. In the following we will discuss how to handle DL cross-carrier scheduling for such DL subframes.
Alternative 1: scheduling restriction on these DL subframes

By this alternative, eNB will not schedule DL subframes in overlapped subframes and these DL subframes cannot be used [1]. The impact on UE’s max DL throughput is minor. This is because there is DL HARQ process overbooking for those TDD UL/DL configurations with more than 8 DL HARQ processes, which means in parallel maximum 8 DL HARQ processes is under transmission [2]. So for those TDD UL/DL configuration with DL HARQ process overbooking, put scheduling restriction on some DL subframes do not have much impact even on UE’s DL maximum throughput. However, in the meanwhile, mute some DL subframes will decrease the scheduling flexibility for such UE, i.e. eNB need always schedule scheduled cell DL in consistent DL subframes. There has potential impact on system DL throughput when system load is high.
Alternative 2: cross-subframe/multi-TTI scheduling

By this alternative, the DL subframe in overlapped subframe will be scheduled in former consistent DL subframe [3]. For example in the figure, DL subframe in subframe 3 will be scheduled in subframe 1. First impact of such method is the different DL scheduling timing for DL subframes in overlapped subframe between new UEs and legacy UEs. This will severely impact the effectiveness and workings of eNB scheduler implementation, service prioritization policies and frequency- and spatial-domain beamforming scheduling and coordination [1]. Besides, the DL scheduling timing needs to be defined for all possible combinations. Since the DL scheduling timing is independent with TDD UL/DL configuration combination, this will increase the complexity of both specification and implementation.
Alternative 3: use same-carrier scheduling for DL subframes in overlapped subframe

By this alternative, for those DL subframes in overlapped subframe, when cross-carrier scheduling cannot be used, same-carrier scheudling can be used [4]. This method do not change the DL scheduling timing, thus do not have impact on eNB scheduler at all. Besides, enable same-carrier scheduling on scheduled cell do not have much effort. For Hetnet scenario in which PDCCH is hardly to be used because of interference, e-PDCCH can be used instead. Thus the effort for this alternative is minor and control channel performance canbe also guaranteed.
Based on analysis above, we have the following proposal

Proposal: Use same-carrier scheduling for DL subframes in overlapped subframe when cross-carrier scheduling is configured for specific Scell.

3
Conclusions
In this paper, we analysis the possible solutions to handle with DL subframes in overlapped subframe for DL cross-carrier scheduling, and have the following proposals:
Proposal: Use same-carrier scheduling for DL subframes in overlapped subframe when cross-carrier scheduling is configured for specific Scell.
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