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1. Introduction

In RAN1#70bis, issues with cross carrier scheduling when E-PDCCH is configured were discussed, and following conclusions were made.
Conclusion: 

Rel-10 principle is maintained, that it is not possible to schedule PDSCH to a given UE on a given Cell from more than one Cell in a given subframe. 

Hence, if cross-carrier scheduling is configured for a given UE on a given SCell, it is not possible also to use E-PDCCH on the cross-scheduled SCell to schedule PDSCH to the same UE on the same SCell in the same subframe.

During the discussions, several questions regarding E-PDCCH cross carrier scheduling were raised, particularly the two major ones as the following:
Questions: 

1. In subframes when UE does not monitor E-PDCCH on an SCell, is it permitted to configure cross-carrier scheduling from PDCCH from another Cell? 

2. Do we need to support CIF in DCI carried on E-PDCCH? 
In this contribution, our views on the E-PDCCH cross carrier scheduling related issues are given.
2. Discussions
Cross carrier scheduling was adopted as a feature for carrier aggregation since Rel-10. The main motivation of cross carrier scheduling is support better control channel interference handling in carrier aggregation based HetNets. As shown in Figure 1, where Macro and Pico cells use different carrier frequencies for PDCCH transmissions and PDSCH can be scheduled on both carriers by cross carrier scheduling with PRB level ICIC. Another benefit of cross carrier scheduling is transmitting PDCCH in a lower frequency band in case of inter band carrier aggregation so that control channel coverage can be guaranteed. This is especially beneficial when the aggregated carriers have a large frequency distance, e.g. 800MHz and 3.5GHz.
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Figure 1 Cross carrier operation for interference handling in CA based HetNet

RAN1 has agreed that a UE can be configured to monitor USS on E-PDCCH in some subframes and USS on PDCCH in other subframes by higher layer signaling. The higher layer signaling is designed with a bitmap approach with the same periodicity and size as for eICIC. It has also been confirmed that in a given subframe on a serving cell, the scheduling DCI comes from only one cell and one control channel type (i.e. either PDCCH or E-PDCCH). Given these agreements, it would be possible that E-PDCCH and PDCCH with cross carrier can be configured for a UE simultaneously. Then by default in subframes where UE is not required to monitor USS in E-PDCCH, cross carrier scheduling by PDCCH from another cell would be possible. Some use cases for such operation can be identified, e.g. in the CA based HetNet scenario as in figure 1. Although E-PDCCH can be used to handle interference problem among neighbor cells instead of using PDCCH cross carrier scheduling in this scenario, there are still subframes where E-PDCCH cannot be used. One example is PMCH subfames in a Scell, in which E-PDCCH cannot be used, PDCCH with cross carrier scheduling should be used to transmit UL DCIs with high reliability.
Therefore we have proposal 1

Proposal 1:
Both E-PDCCH and PDCCH with cross carrier scheduling can be configured for a UE. In  subframes where UE does not monitor USS in E-PDCCH, PDSCH on a Scell can be cross scheduled by PDCCH from another serving cell when PDCCH cross carrier scheduling is configured.
Another question is whether cross carrier scheduling should be supported for E-PDCCH. Since PRB level ICIC can be applied to E-PDCCH among neighbor cells, the motivation for control channel interference handling to E-PDCCH cross carrier scheduling is not valid. However, it would still be beneficial from reliability perspective to transmit E-PDCCH in a lower frequency band when inter band carrier aggregation is applied. Therefore we suggest that cross carrier scheduling is supported for E-PDCCH and 3bits CIF which is the same as in current spec can be present in E-PDCCH when cross carrier scheduling is configured. 
It is preferable that the configuration of E-PDCCH cross-carrier scheduling follows Rel-10 PDCCH cross-carrier scheduling principles, i.e. cross-carrier scheduling is configured from per PDSCH/PUSCH serving cell perspective. The configuration can included the scheduling serving cell ID and other E-PDCCH configurations for each PDSCH/PUSCH serving cell. Search space definition was specifically designed for PDCCH cross carrier scheduling in Rel-10 with concatenation CCEs for different cells, however, it is not needed for E-PDCCH. UE can simply do blind decoding on the E-PDCCH set(s) that configured for each PDSCH/PUSCH serving cell, therefore no impact on search space design is expected.
Proposal 2:
Cross carrier scheduling is supported for E-PDCCH, when configured, 3bits CIF always presents in DCI carried by E-PDCCH.
Proposal 3:
Configuration of E-PDCCH cross-carrier scheduling follows Rel-10 principles. The support of E-PDCCH cross-carrier scheduling has no impact on search space design.
3. Conclusions
In this contribution, cross carrier scheduling related issues for E-PDCCH are discussed. Based on the discussion, we have the following proposals.

Proposal 1:
Both E-PDCCH and PDCCH with cross carrier scheduling can be configured for a UE. In subframes where UE does not monitor USS in E-PDCCH on a Scell, PDSCH or PUSCH can be cross scheduled by PDCCH from another serving cell when PDCCH cross carrier scheduling is configured.
Proposal 2:
Cross carrier scheduling is supported for E-PDCCH, when configured, 3bits CIF always presents in DCI carried by E-PDCCH.

Proposal 3:

Configuration of E-PDCCH cross-carrier scheduling follows Rel-10 principles. The support of E-PDCCH cross-carrier scheduling has no impact on search space design.[image: image2.png]
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