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1. Introduction

Considering the reference signal design for enhanced PDCCH (E-PDCCH), agreement and observations are made in RAN1#68 as follows:
Agreement:
· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
Observations:

· Further study is needed for example:

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

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

· If and how to support the spatial diversity for distributed transmission
· If and how to use ePDCCH signature for ePDCCH detection

It is noted that the antenna port detection problems are addressed in observations. In this contribution, we discuss on the layer number of SU-MIMO for localized scheme and the possible antenna port detection procedure for E-PDCCH based on the above agreement. This issue is also related to the E-PDCCH structure of multiplexing of different DCI messages.
2. Discussion 
Layer number of SU-MIMO for localised scheme

From the agreement in RAN1 #68, it is agreed that for the localised E-PDCCH, rank 3 and 4 SU-MIMO is not supported and the support of 2 layer SU-MIMO is FFS. If 2 layer transmission is supported for E-PDCCH, two antenna ports are needed for the corresponding UE to estimate channel and receive data via receiver like MMSE. The antenna port assignment can be configured or be blindly decoded.

Nevertheless, it is noticed that the assignment of the two antenna port is not only the issue of the associated UE and it affects the other scheduled UE in the same PRB as well. For example as depiced in Fig.1, there are 3 E-PDCCHs belong to 3 different UE and scheduled in the same PRB. If E-PDCCH for UE1 is transmitted with 2 layer SU-MIMO, both UE2 and UE3 should realize this to knowing which atenna port to detect for decoding its own E-PDCCH. It is noted that the antenna port to be used cannot be configured by higher layer under this scenario for the multiplexing of different UEs in a PRB is fast-varying. As a result, at least physical signalling for antenna port assignment should be designed or the layer number of UE1 should be considered when UE2 and UE3 blindly decode its own E-PDCCH. Both provide non-neglectable complexity for E-PDCCH decoding which should be avoided. On the other hand, if 2 layer SU-MIMO is allowed, the corresponding search space should also be designed (e.g. Separate search spaces for layer 1 and layer 2) which complicates the search space design. Consequently, we believe 2 layer SU-MIMO should be avoided.
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Figure1. An example of antenna port mapping with 2 layer SU-MIMO
Proposal 1: 2 layer SU-MIMO should be avoided.
Assignment of antenna ports
It is noted that at this point it is not clear about the multiplexing of different DCI messages in a PRB pair. Considering the assignment of antenna ports, we try to provide a general possible procedure regardless of the final definition of E-PDCCH (e.g. eCCE size, number of eCCE in a RB and its mapping to REs). As a result, it is assumed that the PRB pair is divided into several “region”s. Each region might have one dedicated antenna port only for it. For example, this region can be one eCCE in localised scheme, or can be a group of REs multiplexed with several UEs which share the same antenna port in distributed scheme. As mentioned above, at least for localised scheme, single-layer transmission is preferred. Accordingly, each region is assumed to require at most one antenna port. The boundary of these regions should be able to be known in advance by all UE using E-PDCCH and might be fixed or based on system configuration. These regions are then mapped to the antenna ports in order as depicted in Fig.2 (a).
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(a) Each region is not aggregated      (b) Region 3 and 4 are aggregated     (c) Region 1, 2 and 3 are aggregated
Figure2. Examples of antenna port assignment

It is possible that there are some situations that different regions in a PRB can be aggregated. The aggregated regions (e.g., localised E-PDCCH with higher aggregation levels) share the same transmission processing and one antenna port is enoough. When different regions are aggregated, the antenna port used by the aggregated regions is the antenna port originally assigned to the first region. For example as in Fig.2 (b), if region 3 and region 4 are aggregated, antenna port 9 is used by them. The power of antenna port 10 can be used by antenna port 9 to provide better channel estimation performance. The unaggregated region uses the original assigned antenna port for demodulation reference no matter how other regions aggregated (e.g., region 4 in Fig.2. (c)).

It should be noticed that this kind of assignment need no additional signalling to indicate UE which antenna port(s) is/are used for E-PDCCH detection. Because the region boundary is known by all UE in advance, UE knows which antenna port is used by which region. The aggregated regions are part of the blind decoding search space definition. UE can assume the aggregated regions use only the antenna port assigned for the first region of them. The power of other assigned antenna ports is allocated to this antenna port for better performance. Each unaggregated or aggregated regions determines the associated antenna port(s) independently without knowing other’s information. It should also be noted that each region can have variable size and more than 4 regions (2 regions for extended CP) cannot be allowed in a PRB pair.

Proposal 2: A PRB pair is divided into several “region”s. Each region is mapped to one antenna port.

Proposal 3: Several regions can be aggregated together. The aggregated regions are mappted to only one antenna port which is assigned originally for the first region of the aggregated regions.
Scrambling sequence
To enjoy the area splitting gain for CoMP scenario 4, DMRS enhancement is widely discussed. MU-MIMO with quasi-orthogonal DMRS and UE-specific srambling is allowed. Considering that E-PDCCH is transmitted in the PDSCH region, it seems intuitive to reuse the design for E-PDCCH. However, due to CDM structure of DMRS, the orthogonality of atenna ports in a PRB pair maintains only when they share the same scrambling. For localised scheme, if DCIs of multiple UEs are allowed to be multiplexed in a PRB pair, it means that UE-specfic scrambling can hardly be used or we may lose the orthogonality of the antenna ports. Also, we can notice that the DMRS with cell-specific scrambling should be remained by any means to deal with the distributed scheme. Consequently, it can be concluded that the cell-specific scrambling is used at least for distributed scheme. The using of UE-specific scrambing may require further study on its impact when DCIs of multiple UEs are multiplexed in a PRB pair.
Proposal 4: Use cell-specific scrambling at least for distributed scheme.
3. Conclusions

In this contribution, the reference signals for E-PDCCH are discussed and we propose to:
Proposal 1: 2 layer SU-MIMO should be avoided.
Proposal 2: A PRB pair is divided into several “region”s. Each region is mapped to one antenna port.

Proposal 3: Several regions can be aggregated together. The aggregated regions are mappted to only one antenna port which is assigned originally for the first region of the aggregated regions.

Proposal 4: Use cell-specific scrambling at least for distributed scheme.
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