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1 Introduction

RAN1 discussed in last meeting on DM-RS antenna port association with E-PDCCH detection, and made the following observation [1].
· 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

In this contribution, we express our view on DM-RS antenna port associations with E-PDCCH and antenna port detection.

2 Discussion
The minimum resources unit for PDSCH scheduling and transmission is PRB. Thus, in UE-RS based PDSCH transmission, the association between PDSCH resources within a PRB pair and UE-RS antenna port is fixed, and UE is signaled the antenna port allocation by DCI. However, in E-PDCCH design, minimum resources unit for E-PDCCH scheduling and transmission needs to be lower than a PRB pair due to following reasons.

· To support efficient multiplexing of multiple E-PDCCH transmissions within a PRB pair for multiple UE in the localized transmission.
· To support one E-PDCCH DCI mapped over multiple PRB-pairs in distributed transmission.

This may require defining antenna port associated with E-PDCCH region within a PRB pair. It should be noted the number of E-PDCCH region within a PRB-pair is not agreed yet in RAN1, and companies consider the value of 2 or 3 or 4. However, RAN1 already agreed UE-RS antenna ports 7-10 for E-PDCCH demodulation. That means no new UE-RS is designed for E-PDCCH. This could also enable UE implementation to re-use Rel-10 DM-RS channel estimation for ports 7-10 E-PDCCH demodulation, which needs to be done per PRB-pair basis in the absence of PRB bundling. It should be also noted that the number of antenna ports used for E-PDCCH transmission also depends on the transmission scheme defined for E-PDCCH. 

Proposal 1: Minimum unit for ports 7-10 channel estimation for E-PDCCH demodulation shall be on per PRB-pair basis irrespective of the antenna association and partitioning of E-PDCCH resource elements.

2.2 Determining antenna ports for E-PDCCH detection   
The antenna port association with the E-PDDCH resources enables UE to perform E-PDCCH demodulation to proceed to detect E-PDCCH DCI. The following three options could be considered to determine antenna ports for E-PDCCH detection.

· Option-1: Antenna ports are semi-statically configured to UE by RRC signaling 
· Option-2: Antenna ports are dynamically signaled to UE by legacy PDCCH
· Option-3: UE blindly decodes antenna ports
The pros and cons of semi-static signaling (Option-1) and dynamic signaling (Option-2) were also analyzed in the context of E-PDCCH resources allocations in [2]. In option 1 and 2, antenna port allocations are signaled to UE along with PRB allocations for E-PDCCH. In terms of performance aspect, there are no difference between option 1 and option 2. However, option-2 incurs additional signaling overhead. In option 3, UE blindly decodes antenna ports during DCI blind decoding process. That means UE have to perform four instants of channel estimates for antenna ports 7-10. 

Although option-3 provides more flexibility in the allocation of antenna ports, we need to consider UE implementation complexity due to total number of blind decoding complexities. We expect blind decoding complexity in Rel-11 is comparable to that of Rel-10.  It should be noted that channel estimation is not part of the blind decoding process for legacy PDCCH since Rel-8/9/10 UE performs channel estimation for PDCCH once irrespective of the blind decoding attempts. Therefore, Optio-3 needs to be considered carefully. 

Proposal 2: We propose to consider either semi static (Option-1) or dynamic (Option-2) configuration to notify antenna port allocations to UE. 

2.3 Antenna port association with E-PDCCH resources   
Different options for antenna port association with E-PDCCH resources were considered in some contributions in last meeting [3-7]. They could be grouped into three main categories [3]:

· Option-1: Fixed region-to-port mapping

· Option-2: UE-specific region-to-port mapping

· Option-3: UE-specific port mapping

These three options are illustrated in Figure 1. Option-1 and Option-2 require associating each antenna port to a specific region which could be one of 2-4 groups of REs (ie., E-CCE) within a PRB-pair. This association is either fixed (Option-1) or variable (Option-2). The main disadvantage with these options is that UE needs to perform channel estimation for more than one antenna ports if E-PDCCH is allocated with more than one E-CCE within a PRB-pair. In this case, this is rank-1 transmission from UE point of view, but it is allocated with more than one antenna ports, resulting in increased channel estimation process. 
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Figure 1: Antenna port association with E-PDCCH resources  
In Option-3, antenna port is associated with entire region of PRB-pair irrespective of the groupings of REs (ie., E-CCE) within a PRB-pair. Figure 2and Figure 3 shows an example antenna port allocations for single layer (ie., SU-MIMO and transmit diversity) and multi layer (ie., MU-MIMO)  transmissions respectively.        


[image: image2.emf]Port# 7

Or

Port# 8

Or

Port# 9

Or 

Port# 10

0  l 6  l 0  l 6  l

CRS port#0, 1

CRS port#2, 3

Legacy PDCCH 

Region

Available RE for 

E-PDCCH 

DM-RS port#7, 8

DM-RS port#9, 10

E-CCE#2

E-CCE#1

E-CCE#0

UE1 

SU-MIMO

Port# 7&8

Or

Port# 9 & 10

UE1 

Tx diversity

UE1 

SU-MIMO

UE2 

SU-MIMO

Port# 7

Or

Port# 9

Port# 8

Or

Port# 10

UE multiplexed in 

frequency domain

UE multiplexed 

in frequency 

domain

UE1 

Tx diversity

UE2 

Tx diversity

Port# 7&8

Or

Port# 9 & 10

Port# 7&8

Or

Port# 9 & 10


Figure 2: UE-specific port mapping for single layer transmission  
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Figure 3: UE-specific port mapping for multi layer transmission  
This Option-3 is simple in terms of UE complexity, and allows flexible configuration antenna ports to UE depending on the transmission schemes, and the E-PDCCH resources needed for a UE. Therefore, we suggest to consider UE-specific port mapping (Option-3) for antenna port association with E-PDCCH resources. 
Proposal 3: We suggest to consider UE-specific port mapping (Option-3) for antenna port association with E-PDCCH resources.
· Antenna ports are defined in UE-specific way, and associated with entire E-PDCCH resources within PRB-pair irrespective E-PDCCH resources (i.e., E-CCE resources) used by a particular UE. 
3 Conclusion

We presented our views on DM-RS antenna port associations with E-PDCCH and their detection, and we propose the following: 

Proposal 1: Minimum unit for ports 7-10 channel estimation for E-PDCCH demodulation shall be on per PRB-pair basis irrespective of the antenna association and partitioning of E-PDCCH resource elements.
Proposal 2: We propose to consider either semi static (Option-1) or dynamic (Option-2) configuration to notify antenna port allocations to UE. 

Proposal 3: We suggest to consider UE-specific port mapping (Option-3) for antenna port association with E-PDCCH resources.

· Antenna ports are defined in UE-specific way, and associated with entire E-PDCCH resources within PRB-pair irrespective E-PDCCH resources (i.e., E-CCE resources) used by a particular UE. 
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