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1. Introduction
The following was agreed at RAN1#68bis:

· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
In this contribution we consider further details of the antenna port mapping for ePDCCH

2. Discussion
In the following, we assume the structure of an ePDCCH PRB pair is as in Fig.1. However the conclusions drawn are equally valid for other similar structures, and do not depend on the precise definition of an eCCE (e.g. whether an eCCE is the same as a CCE).
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Fig.1 Example ePDCCH structure

For localized ePDCCH, each PRB pair consists of four eCCEs, where each one includes three OFDM subcarriers in the frequency domain and all the OFDM symbols within the PRB pair, except for PDCCH symbols in the time domain. Similarly to PDCCH, we assume that one DCI message transmitted with aggregation level n contains n eCCEs. Antenna ports 7-10 are used for ePDCCH demodulation. 
For distributed ePDCCH we assume frequency diversity order 4, with each eCCE as defined above sub-divided into four part-eCCEs, and that each part-eCCE is assigned to one DCI message. The remainder of the DCI message is carried by part-eCCEs in an additional 3 different PRB pairs.
Even if localized and distributed ePDCCH can be multiplexed in the same PRB pair, localized and distributed transmission would not be mixed within a single eCCE.
2.1. Antenna Port association for Localised ePDDCH
Two options have been proposed for how to determine AP(s) to use as a reference for ePDCCH detection. The first (option 1) is that the UE is explicitly configured by higher layers with the antenna port(s) to be used for demodulation [1]. The second (option 2) is that the REs used by the ePDCCH within a PRB pair implicitly determine the antenna port [2]. 
As argued elsewhere [3, 4, 5, 6] and in Annex A an implicit mapping is preferred as the basic scheme, as shown in Figure 2. 
Proposal 1: The antenna port for localized ePDCCH is implicitly determined by the REs (i.e. the eCCE(s)) used by the corresponding DCI message.


[image: image2.emf]Port 7

Port 8

Port 9

Port 10

eCCE 0

eCCE 1

eCCE 2

eCCE 3

Port 7

Port 8

Port 9

Port 10

eCCE 0

eCCE 1

eCCE 2

eCCE 3


(a)                                                                (b)

Fig.2 Antenna port association for aggregation level 1 and 2
For multiplexing efficiency every UE in a given cell should use the same mapping. In principle, the mapping could depend on factors such as cell ID, frequency domain location or time (e.g. subframe number), but there currently seems to be no reason to add such complexity.  

The number of channel estimates could be reduced if blind decoding candidates for the same UE, located in the same PRB pair, and sharing at least some of the same eCCEs, use the same antenna port for different aggregation levels. This would not conflict with the principle of implicit antenna port mapping, and therefore this aspect should be considered in the search space design. Conversely, blind decoding candidates for different UEs, located in the same PRB pair and not sharing at least some of the same eCCEs, should not use the same antenna port, even for different aggregation levels, since antenna port blocking could occur.
As a more detailed example, if the UE has eCCE2 with AP 9 as candidate at aggregation level 1, then if the same UE also has a candidate with aggregation level 2 in the same PRB pair, the appropriate AP would also be AP9. However, if the UE has eCCE3 with AP 10 as candidate at aggregation level 1, then the appropriate AP for aggregation level 2 would also be AP10.  

Proposal 2: For localized ePDCCH the search space may be designed so that the same antenna port can be assumed for candidates at different aggregation levels sharing at least some of the same eCCEs within the same PRB pair.

We note that a UE might be explicitly configured to search for higher aggregation levels with different ports. For example if the UE has eCCE2 with AP 9 as candidate at aggregation level 1, then if the same UE also has a candidate with aggregation level 2 in the same PRB pair, the appropriate AP could perhaps be configured to be either AP9 or AP10. This would support MU-MIMO, at least for aggregation levels higher than 1.
Proposal 3: For localized ePDCCH, if configuration of antenna port mapping is supported, this is designed such that for a DCI message transmitted with a given aggregation level and corresponding set of CCEs, the UE may be configured with a demodulation reference which is any one of the antenna ports which may mapped to any of the same set of eCCEs but with a lower aggregation level.  
2.2. Antenna Port association for Distributed ePDDCH
When accurate channel state information is not available at the eNB side, or an ePDCCH DCI is a target for reception by multiple UEs, it is difficult to achieve any gain by using precoding based on CSI feedback. In such cases frequency diversity by means of distributed transmission and spatial diversity are appropriate. A key design factor is the number of antenna ports for which independent DMRS are needed.
Here we consider three different example cases for providing spatial diversity

· Tx diversity using 1 port random beamforming

· Tx diversity using 2 port SFBC

· Tx diversity using 4 port FSTD+SFBC
In the subsequent discussion we assume that only one Tx diversity scheme is used in a cell at any one time.
Random Beamforming (1port)
In principle, only one DMRS port would be needed for all the distributed ePDCCH transmissions sharing the same PRB pair, and this could be fixed (e.g. Port 7). However, some flexibility is desirable, for example to facilitate multiplexing of distributed and localized ePDDCH and possibly to support spatial multiplexing to multiple users in the same resources. Therefore configuration of the antenna port to be assumed by the UE would be beneficial. In general there currently seems to be no motivation for the mapping to depend on factors such as cell ID, or frequency/time domain location of the ePDCCH resources. 
SFBC (2 ports)
Otherwise similarly to random beamforming, but two DMRS ports would be needed for all the distributed ePDCCH transmissions sharing the same PRB pair, and these could be fixed (e.g. Port 7 and 8). Flexibility is desirable to facilitate multiplexing of distributed and localized ePDDCH. Therefore configuration of the antenna port(s) to be assumed by the UE would be beneficial. For example, the UE could be configured to use either ports 7 and 8 or ports 9 and 10.
FSTD+SFBC (4 ports)
In this case all four of the available DMRS ports in a PRB pair would be needed for distributed ePDCCH transmissions. Therefore the only possibility for distributed and localized ePDDCH in the same PRB pair would be with spatial multiplexing. Even in this case, no configuration of antenna port mapping would be needed. Currently, it seems that FSTD+SFBC has no performance advantage over SFBC, so SFBC with 2 ports would be preferred.
Whichever of the above options are supported we propose the following:-

Proposal 4: For distributed ePDCCH, for spatial diversity based on no more than two antenna ports, the UE may be configured with the antenna port(s) to be used as the demodulation reference.
2.3. Additional considerations

In those cases where configuration of antenna port mapping may be desirable, there seems to be little or no motivation for this to be dynamic. Therefore our preference is as follows:-  

Proposal 5: Any configurability of ePDCCH DMRS antenna port mapping (if specified) is by UE-specific semi-static signaling.
Currently there seems to be little or no motivation for the antenna port mapping to depend on factors such as cell ID, or frequency/time domain location of the ePDCCH resources (except for the REs within a PRB pair). For example, inter-cell interference issues can be addressed by co-ordination of the configured ePDCCH resources or differences in scrambling sequences. Therefore our preference is as follows:-
Proposal 6: ePDCCH DMRS antenna port mapping does not depend on factors such as cell ID, or frequency/time domain location of the ePDCCH resources (except for the REs used).
In some cases there may be some benefit in terms of improving channel estimation accuracy if resources from more than one DMRS port could be combined together. This could be studied further when the issues discussed above are resolved.
3. Conclusions
Based on the above discussion we have the following proposals:
Proposal 1: The antenna port for localized ePDCCH is implicitly determined by the REs (i.e. the eCCE(s)) used by the corresponding DCI message.
Proposal 2: For localized ePDCCH the search space may be designed so that the same antenna port can be assumed for candidates at different aggregation levels sharing at least some of the same eCCEs within the same PRB pair.

Proposal 3: For localized ePDCCH, if configuration of antenna port mapping is supported, this is designed such that for a DCI message transmitted with a given aggregation level and corresponding set of CCEs, the UE may be configured with a demodulation reference which is any one of the antenna ports which may mapped to any of the same set of eCCEs but with a lower aggregation level.

Proposal 4: For distributed ePDCCH, for spatial diversity based on no more than two antenna ports, the UE may be configured with the antenna port(s) to be used as the demodulation reference.

Proposal 5: Any configurability of ePDCCH DMRS antenna port mapping (if specified) is by UE-specific semi-static signaling.
Proposal 6: ePDCCH DMRS antenna port mapping does not depend on factors such as cell ID, or frequency/time domain location of the ePDCCH resources (except for the REs used).
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Annex A
Comparison of configured and implicit antenna port mapping

Here we compare in a little more detail these two options for antenna port mapping. We first take as an example the case of localized transmission of DCI messages with aggregation level 1 where up to 4 such messages to different UEs can be multiplexed within a single PRB pair. Note that if only 4 APs are available, no orthogonal spatial multiplexing of DMRS is possible in this case.
Multiplexing  
Therefore, for aggregation level 1, where 4 DCI messages are transmitted in the same PRB pair, each one must be mapped to different one of the 4 available eCCEs. Furthermore, in order that different UE-specific precoding can be applied to each DCI message, each message must use a different AP as a demodulation reference.   Therefore there is no disadvantage in linking each AP with a specific eCCE. However, different UEs must be able to assume the same mapping between APs and eCCEs for a given PRB pair. 
If we consider aggregation level 2 (and higher), then orthogonal spatial multiplexing of DMRS would be possible in principle, such that up to 4 spatially multiplexed DCI messages could be transmitted in the same PRB pair, with different APs. In this case different UEs could assume different APs with the same eCCEs. As an example, if UE1 assumes that AP0 corresponds to a DCI message of aggregation level 2 in eCCE0 and eCCE1 and AP2 corresponds to a DCI message in eCCE2 and eCCE3, then UE2 could assume, without incompatibility, that AP1 corresponds to a DCI message in eCCE0 and eCCE1 and AP3 corresponds to a DCI message in eCCE2 and eCCE3. These different assumptions could be by configuration.
However, it could be argued that using the same total power, transmission of two DCI messages with aggregation level 2 by spatial multiplexing requires suitable UE pairing, and at typical SNRs may not show significant advantage over transmission of two DCI messages with aggregation level 1 in orthogonal eCCEs.
Search Space Design

It has been suggested that configuring a UE to search for several ePDCCH candidates, with the same aggregation level within the same PRB pair, under the assumption of the same antenna port for each candidate, can allow a reduction in blind decoding complexity, since only one channel estimate would be required for several blind decode attempts. Unfortunately, this consideration only applies if it makes sense to have multiple candidates within the same PRB pair. Achieving efficient multiplexing ePDCCH with PDSCH, particularly without the benefit of an ePCFICH, favours spreading the limited number (e.g. 6) of blind decoding candidates as widely as possible over the resources configured for ePDCCH. This would allow the scheduler the flexibility to place DCI messages for multiple UEs within the same PRBs pairs. In addition, if dynamic frequency selective scheduling is intended for localized transmission, each blind decoding candidate should be placed in a different part of the system bandwidth in order to allow the scheduler to select the optimum frequency domain location. Therefore in many scenarios it is likely that one channel estimate will be required for each blind decoding candidate, at least for a given aggregation level. This limits any potential complexity saving of configuring the antenna port mapping, compared with implicit mapping. 

As a final point, the number of channel estimates could be reduced if blind decoding candidates with different aggregation levels are located in the same PRB pair and use the same antenna port. This would not conflict with the principle of implicit antenna port mapping, and therefore this aspect could be considered in the search space design.   
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