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1. Introduction

At the RAN WG1 #67 meeting, the issues regarding the demodulation reference signal (DM-RS) used for E-PDCCH detection were discussed and the following guidelines for study were established. 
· Support of 2-layer SU-MIMO?

· How to determine AP(s) to use for ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support spatial diversity for distributed transmission

· If and how to use ePDCCH signature for ePDCCH detection

In this contribution, we investigate how the DM-RS antenna port (AP) is determined for E-PDCCH detection. We discuss this issue based on the transmission schemes, i.e., UE-specific beam-forming or transmit diversity scheme.
2. Association of DM-RS AP with E-PDCCH
Usage of the DM-RS can be classified into two types. One is a shared DM-RS and the other is a UE-specific DM-RS. For the shared DM-RS, the given DM-RS AP(s), e.g., AP 7, is shared among multiple UEs. This shared DM-RS is used for a single AP transmission or transmit diversity transmission. On the other hand, for the UE-specific DM-RS, different antenna ports are allocated to each UE since the E-PDCCH of each UE is multiplied by a UE-specific precoding weight.
2.1
Association of Shared DM-RS with E-PDCCH
For the shared DM-RS, the number of DM-RS APs used for transmit diversity depends on the number of transmitter antennas since the DM-RS is not precoded and the same DM-RS APs can be shared among multiple UEs. When a single AP transmission, e.g., a resource block (RB)-based cyclic beam-forming transmission, is applied, a single AP, e.g., AP 7, is allocated to all the UEs. Therefore, a predetermined DM-RS AP(s) could be used for the shared DM-RS. Detailed usage of the shared DM-RS is also investigated from the viewpoint of the performance in our companion contribution [1]. 
Proposal 1: For the shared DM-RS, a predetermined DM-RS AP(s) should be used.

2.2
Association of UE-Specific DM-RS with E-PDCCH
If UE-specific beam-forming is applied to the DCI of each UE, multiple DM-RS APs are required depending on how many DCIs are mapped within the same PRB pair. For example, if four DCIs are mapped into four enhanced control channel elements (eCCEs) within a PRB pair as indicated in [2], four independent DM-RS APs must be reserved. Therefore, a method to associate the DM-RS AP with an eCCE or with a UE needs to be considered for decoding the DCI. The following methods are considered.
· Alt. 1: Explicit association through higher layer signaling [3, 4]
A UE is informed of the DM-RS AP through higher layer signaling as shown in Fig. 1. In this scheme, a DM-RS AP is assigned to each UE through higher layer signaling and the channel estimation is only performed using the corresponding DM-RS. However, if the same DM-RS AP is allocated to different UEs, full blocking between DM-RS APs occurs among those UEs.
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Figure 1 – Explicit association.
· Alt. 2: Implicit association of DM-RS APs with eCCE [5-8]
A DM-RS AP is implicitly associated with the eCCE within a PRB pair as shown in Fig. 2. In this method, no blocking among DM-RS APs occurs among the UEs. Furthermore, no signaling is required as long as the single-user MIMO is assumed. On the other hand, the UE may need to perform channel estimation using all the DM-RS APs depending on the search space to be monitored.
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Figure 2 – Implicit association.

· Alt. 3: Hybrid scheme comprising implicit and explicit associations 
This method is a hybrid scheme comprising Alt. 1 and Alt. 2. In this method, a set of DM-RS APs is assigned to each UE through higher layer signaling as shown in Fig. 3. Therefore, the UE does not need to use all the DM-RS APs for channel estimation. Furthermore, since different sets include different DM-RS APs, there is no blocking between different AP sets. In each AP set, the DM-RS AP is implicitly associated with the eCCE within a PRB pair. Since all the DM-RSs cannot be used in each set, there is blocking of DM-RS APs in the set for the case of aggregation level 1. However, the DCI can be allocated to an eCCE associated with a different AP of the same AP set. For instance, AP set 1 is assigned to two UEs and eCCE #1 is occupied by the DCI of UE #1. In this case, although eCCE#2 cannot be used for the DCI of UE #2, eCCEs #3 and #4 are still available to that UE.
The advantages and disadvantages of the above alternatives depend on factors such as the definition of the eCCE, the number of eCCEs, and support for multi-user MIMO. However, it is preferable to avoid blocking as much as possible. Therefore, we give the highest priority to implicit association (Alternative 2). If channel estimation using more DM-RS APs is an issue, our second preference would be Alt. 3.
Proposal 2: For the UE-specific DM-RS, implicit association of DM-RS APs with eCCE may be applied.
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Figure 3 – Hybrid scheme.

3. Conclusion

In this contribution, we investigated how to determine DM-RS APs used for decoding the E-PDCCH. Two types of DM-RSs, i.e., shared DM-RS and UE-specific DM-RS, are considered. For the shared DM-RS, the DM-RS AP would be pre-determined. For the UE-specific DM-RS, we considered the following three methods.
· Explicit association through higher layer signaling
· Implicit association of DM-RS APs with eCCE
· Hybrid scheme comprising implicit and explicit associations
Among the methods, our current preference is implicit association of DM-RS APs with the eCCE since the blocking among DM-RS APs can be avoided for single-user MIMO. Our proposals in this contribution are summarized as follows:
Proposal 1: For the shared DM-RS, a predetermined DM-RS AP(s) should be used.

Proposal 2: For the UE-specific DM-RS, implicit association of DM-RS APs with eCCE may be applied.
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