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1. Introduction

At RAN1 #66 meeting several contributions were presented regarding the motivation, views on the requirements and design aspects for PDCCH enhancement in Rel-11[1][2][3]. There are two main motivations for the investigation of PDCCH enhancement: PDCCH capacity and coverage enhancement. Considering these motivations, one possible solution is DM-RS based PDCCH transmission in the PDSCH region. In the contribution we discuss our views on E-PDCCH design in multiplexing and signalling aspects.
2. Consideration on E-PDCCH Design
Considering E-PDCCH transmission in the PDSCH region, R-PDCCH can be an example for E-PDCCH design consideration. In Rel-10 Relay WI, the multiplexing and configuration were key design factors for R-PDCCH. In the following, we discuss E-PDCCH design aspects focusing on the multiplexing and signalling.
2.1. E-PDCCH multiplexing
Basically, the usage of PDSCH resource for E-PDCCH can enable more capacity, flexible scheduling, and frequency domain ICIC under HetNet. However, these gains will be limited by multiplexing scheme. Three options can be considered for E-PDCCH multiplexing aspects as Fig. 1.
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Fig 1. E-PDCCH multiplexing options
· Option 1
E-PDCCHs are transmitted in the first and second slot of PRB pair. It can provide large capacity since E-PDCCH resource is allocated in unit of PRB pair. But the usage of second slot of PRB pair may result in high latency for control channel decoding while code rate of E-PDCCH may be increasing.
· Option 2
E-PDCCHs are mapped to PRBs in the first slot of PRB pair. It provides medium capacity while blind decoding latency is lower than Option 1. Since it can provide fine resource granularity due to resource allocation in unit of PRB, the resource can be utilized with more flexibility.
· Option 3
E-PDCCHs can be mapped to the first or/and second slot in PRB pair. In case that the amount of required resource for E-PDCCH is increasing, PRBs in the first and second slot can be used for E-PDCCH transmission. On the other hand, under moderate load of E-PDCCH, E-PDCCH is mapped to PRBs in the first slot. In this case, it can provide low latency for control channel decoding. Also, this may result in low control channel overhead for control information due to fine resource granularity.
We investigate three multiplexing schemes for E-PDCCH and each scheme provides the different level of multiplexing capacity, resource flexibility and UE decoding capability (e.g. latency). 
Proposal 1: 
E-PDCCH multiplexing scheme needs to be considered in terms of multiplexing capacity, resource flexibility, and UE decoding capability.
2.2. Signalling for E-PDCCH Allocation

When E-PDCCH is transmitted in the PDSCH region, UEs should know the location of E-PDCCH which can be configured in UE-specific or common specific manner. When E-PDCCH region is configured to UEs, E-PDCCH region is indicated as a set of PRB/PRB pair and both localized/distributed E-PDCCH allocation can be supported. E-PDCCH resource allocation can be configured in semi-static or dynamic manner. We discuss signalling aspects for E-PDCCH.
· Semi-static signalling
E-PDCCH region is semi-statically configured to UEs by RRC signalling. If E-PDCCH region is signaled, a UE will attempt blind decoding for control channel in configured E-PDCCH region. It can be done by simple signalling. However, actual E-PDCCH resource for a UE can vary every subframe and a part of configured E-PDCCH region may be wasted. Resource wastage can be solved by introducing “virtual system bandwidth” like R-PDCCH. Since preferred E-PDCCH resource for a UE can be different subframe by subframe, frequency selective gain will be limited by semi-static signalling.
· Dynamic signalling
E-PDCCH region is dynamically configured every TTI. A UE will attempt blind decoding for control channel in configured E-PDCCH region. Since actual E-PDCCH resource can be determined according to the scheduled UEs, the resource wastage will be minimized compared to semi-static signalling. E-PDCCH region can be also allocated along with UE’s channel condition in the frequency domain so that it can achieve frequency selective gain due to flexible scheduling. To support dynamic signalling, a new DCI is needed for E-PDCCH allocation. It may result in additional blind decoding attempts.
Since E-PDCCH is targeting on dynamic scheduled UEs, dynamic signalling for E-PDCCH seems to be more attractive considering scheduling flexibility and additional overhead. A novel DCI should be designed in order to minimize specification impact.
Proposal 2: 
Dynamic signalling for E-PDCCH resource allocation needs to be considered in terms of scheduling flexibility, additional overhead, and standardization impact.
3. Conclusion
In the contribution, we present the view on multiplexing and signalling aspects for E-PDCCH design. The following is proposed.
Proposal 1: 

E-PDCCH multiplexing scheme needs to be considered in terms of multiplexing capacity, resource flexibility, and UE decoding capability.

Proposal 2: 

Dynamic signalling for E-PDCCH resource allocation needs to be considered in terms of scheduling flexibility, additional overhead, and standardization impact.
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