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1. Introduction

One of the many remaining questions in the design of an enhanced downlink control channel in Release 11 is whether localized and distributed ePDCCH candidates in one sub-frame are needed. Our contribution in [1] tries to shed light on this question from the perspective of search space design. In this contribution, we explain our preferences with respect to ePDCCH resource allocation. 

Furthermore, contribution [2] by Texas Instruments elaborates on the need for multiplexing localized and distributed ePDCCHs in one PRB and illustrates guidelines for the ePDCCH search space design and how resources could be grouped into eCCEs/ eREGs. 
Finally, our contributions in [3] and [4] summarize our views and preference on the configuration of the DRMS scrambling sequence(s) and antenna port(s) for ePDCCH transmissions.

The gist of this contribution is to provide a unified view on all these matters regarding the configuration of localized and distributed transmissions within the same sub-frame.

2. Aggregation levels, antenna port configuration, scrambling sequence initialization and eCCE/eREG design for the enhanced control channel
The following summarizes our proposals in [2]-[4] as pertinent to this discussion:
2.1. Antenna port configuration

· Which antenna port(s) a UE uses for ePDCCH transmissions is part of the RRC configuration of the UE. 

· The network may configure different antenna port(s) for localized and distributed transmissions of downlink control information.

2.2. Scrambling sequence initialization

· For each blind decoding attempt, a single X and 
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are known to the UE through higher-layer configuration and the blind decoding attempt can be performed by the UE without first decoding the legacy PDCCH in the same sub-frame.

· Different X can be configured for localized and distributed transmission. 

· For the enhanced control channel, 
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is always set to zero.
2.3. eCCE/eREG design

· Not to allow multiplexing of localized and distributed ePDCCHs in one PRB simplifies the search space design and minimizes the likelihood of blocking.

· If it is agreed to multiplex localized and distributed ePDCCHs in one PRB, an eREG shall not be allowed to span more than PRB.

3. Need for localized and distributed ePDCCH candidates in one sub-frame

Based on our above proposals and observations, we make the following recommendations.
Proposal:
It should be possible to only configure distributed transmissions of downlink control information, i.e., one ePDCCH candidate comprises of resource elements from different PRBs.

This design follows the legacy PDCCH design and is motivated by its robustness, viz., no timely and accurate channel state information is needed and frequency diversity enables additional protection of the downlink control information.
Proposal:
The eNodeB can configure the UE to monitor both localized and distributed ePDCCH candidates in the same sub-frame.

This configuration allows the network to harness multi-user diversity and beamforming gains through frequency-selective scheduling and spatio-temporal signal processing. At the same time, the network can revert to distributed transmission without the need for RRC re-configuration. The eNodeB can dynamically decide whether to encode a user’s downlink control information in the localized or distributed search space. Since the UE is configured to monitor both search spaces, no RRC re-configuration to switch between localized and distributed is necessary.

Proposal:
It should be carefully studied if localized transmissions of downlink control information guarantee sufficient protection and robustness for the operation of a control channel.
Unlike the PDSCH, the ePDCCH is not protected by a HARQ process. In addition, UEs cannot decode any data in the PDSCH without first successfully decoding the control information. Thus, unreliable ePDCCH transmissions increase zero-throughput outages where resources reserved for data transmission are wasted. 

When the UE only monitors either localized or distributed ePDCCH candidates, there is a single ePDCCH RRC configuration comprising of, amongst others, the antenna port(s) [4], X and 
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for initialization of the DMRS reference signal(s) [3], and the physical resources reserved for the ePDCCH. 
When the UE is configured to monitor both localized and distributed ePDCCH candidates within the same sub-frame, in order to reduce the RRC signalling overhead, the UE behaviour could be standardized to assume the same RRC configuration, e.g., the same antenna port(s), X and 
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for both localized and distributed transmissions. Such a design would allow the eNodeB to selectively re-configure parameters (antenna port(s), X, 
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) for localized transmissions to facilitate different operational modes. For example, for distributed ePDCCH candidates, the UE assumes antenna ports 7 and 8 and X equals the physical cell ID, whereas for localized ePDCCH candidates, it assumes antenna port 9 and X equals a virtual cell ID.
Finally, when a UE expects ePDCCH candidates in either localized or distributed transmission, the eCCEs should be in separate PRBs.
Proposal:
To simplify the design of the enhanced control channel in Release 11, multiplexing of localized and distributed ePDCCHs in one PRB should be avoided. 
4. Conclusion

We discussed the need for localized and distributed ePDCCH candidates in one sub-frame and made recommendations on how the network could configure the resource accordingly.

Proposal:
It should be possible to only configure distributed transmissions of downlink control information, i.e., one ePDCCH candidate comprises of resource elements from different PRBs.
Proposal:
The eNodeB can configure the UE to monitor both localized and distributed ePDCCH candidates in the same sub-frame.

Proposal:
It should be carefully studied if localized transmissions of downlink control information guarantee sufficient protection and robustness for the operation of a control channel.

Proposal:
To simplify the design of the enhanced control channel in Release 11, multiplexing of localized and distributed ePDCCHs in one PRB should be avoided. 
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