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1 Introduction

At the RAN1#67 meeting, the followings were agreed for E-PDCCH.
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS.
In this contribution, we show the possible approaches for configuration of the localized transmission and the distributed transmission and the pros and cons of each approach.
2 Configuration of localized and distributed transmission
2.1 Definition
In this contribution, we define the enhanced control channel element (eCCE) as the minimum unit for assigning the DCI for E-PDCCH. In terms of simplicity, it is desirable for the number of resource elements (RE) for one eCCE to equal 36, which is the same as that of the legacy CCE, since the modulation and coding scheme and the rate matching of the legacy PDCCH can be reused. In addition, as described in [1], it is also better for the search space (SS) definition for the legacy PDCCH to be applied to E-PDCCH. In this case, the SS defined for the legacy PDCCH can be reused and replace the CCEs with the eCCEs. Meanwhile, there are two transmission schemes for E-PDCCH as Figure 1 shows. One is the localized transmission in which eCCEs are simply mapped over continuous PRB pairs of the E-PDCCH region to achieve frequency scheduling gain. The other is the distributed transmission in which eCCEs are mapped over discrete PRB pairs in order to achieve frequency diversity gain. The choice is dependent on the condition of each UE as to which transmission scheme is applied.  
2.2 Possible approaches
    In the legacy PDCCH, one specific rule for mapping CCEs onto PRBs is defined. On the other hand, as stated in the previous subsection, different mapping rules are necessary with respect to the transmission scheme for E-PDCCH. In this contribution, we show the two possible approaches for configuration of localized and distributed transmission.
Approach 1: Combination of localized transmission and distributed transmission 
   In this approach, both transmission schemes are applied at one subframe. In this case, eNB can schedule both UE sets that have a preference for applying localized transmission and distributed transmission at the same time. However, each UE set should execute blind decoding for both transmission schemes. If the number of E-PDCCH candidates and the aggregation level are the same as the legacy PDCCH, the amount of blind decoding increases twice. In order to reduce the amount of blind decoding, the modification, such as the reduction of the number of E-PDCCH candidate or the aggregation level, is necessary. Meanwhile, reducing the number of E-PDCCH candidates restricts eCCE mapping and the reduction of the number of aggregation level degrades the flexibility of usage of eCCE. Therefore, these impacts should be considered further for applying such approaches.
Pros: eNB can schedule both UE sets that have a preference for applying localized transmission and distributed transmission for the same subframe.
Cons: The modification, such as the reduction of the number of E-PDCCH candidate or the aggregation level, is necessary in order to reduce the amount of blind decoding.
Approach 2: Switching between localized transmission and distributed transmission
In this approach, the localized transmission or the distributed transmission is switched subframe by subframe. In this case, eNB can schedule only UE that has a preference for applying either of the transmission schemes at a certain subframe. On the other hand, if the UE has the information as to which transmission scheme is applied at each subframe in advance, the UE only has to execute blind decoding for either localized transmission or distributed transmission, and the amount of blind decoding is the same as the legacy PDCCH even if the same SS design is reused. The simplest way to realize this approach is to associate the mapping rule with the subframe index. For example, localized transmission is applied only when the subframe index is an even number and vice versa for distributed transmissions. In this scheme, eNB does not need to transmit any additional information related to the transmission scheme. Another way is transmitting information, such as a bitmap, by higher layer signaling that represents which transmission scheme is used in each subframe at a certain interval. In this way, the ratio of the use of the transmission scheme can be changed semi-statically.
Pros: The amount of the blind decoding is the same as the legacy PDCCH even if the same SS definition is reused.

Cons: eNB can schedule only UE that has a preference for applying either of the transmission schemes at a certain subframe.
As stated above, each approach has an advantage and a disadvantage. In addition, there is a possibility that another approach can be applied. Therefore, further study is necessary as to which approach is best for configuration of the transmission scheme for E-PDCCH considering the pros and cons of each approach.
Proposal: Further study is necessary to determine which approach is best for configuration of the transmission scheme for E-PDCCH considering the advantages and disadvantages of each approach.

3 Conclusion

In this contribution, we show the possible approaches for configuration of localized transmission and distributed transmission and the pros and cons of each approach.
Approach 1: Combination of localized transmission and distributed transmission
Pros: eNB can schedule both UE sets that have a more preference for applying localized transmission and the UE that has a greater preference for applying the distributed transmission at the same subframe.

Cons: The modification, such as the reduction of the number of E-PDCCH candidate or the aggregation level, is necessary in order to reduce the amount of blind decoding.
Approach 2: Switching between localized transmission and distributed transmission
Pros: eNB can schedule only UE with a greater preference for applying either of the transmission schemes at a certain subframe.
Cons: The number of the blind decoding calculations is the same as the legacy PDCCH even if the same SS design is reused.

Proposal: Further study is necessary as to which approach is best for configuration of the transmission scheme for E-PDCCH considering the pros and cons of each approach.
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                                               Figure 1 –  Transmission scheme for E-PDCCH
