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1. Introduction
In RAN1#68bis meeting, antenna port association was discussed and the following was agreed [1][2][3].
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In this contribution, we focus on the antenna port determination for distributed and localized transmission with respect to antenna port sharing.

2. Discussion
The relation between Antenna port and eREG/eCCE
Localized and distributed transmission configurations were agreed in RAN1#67. In order to perform the antenna port determination we should further classified the ePDCCH configurations with respect to the DMRS usage. The following three configurations are considered as typical configurations for ePDCCH.

Config.1: 
Localized transmission configuration with non-shared DMRS (i.e. dedicated DMRS or UE-specific DMRS etc)

Config.2-a: 
Distributed transmission configuration with non-shared DMRS (i.e. dedicated DMRS or UE-specific DMRS etc)
Config.2-b: 
Distributed transmission configuration with shared DMRS
Configuration 1 (i.e., Localized configuration with non-shared DMRS) is used with PMI feedback. Used with PMI feedback, Configuration 1 enables the enhanced DL control signalling by utilizing the beamforming approach and/or CoMP approach, which was one of the initial motivations for introducing the ePDCCH. Therefore, not allowed in Rel.10 and before, Configuration 1 is an important feature for ePDCCH.

Configuration 2-a (i.e., Distributed configuration with non-shared DMRS) is used with PMI feedback. Even though several companies’ simulation results show slightly better link level performance than configuration 1 or 2-b[4], the use case for Configuration 2-a is similar to Configuration 1.

Configuration 2-b (i.e., Distributed configuration with shared-RS) is used for no-PMI feedback case or Common Search Space. In this case, the same DMRS port is used for demodulating ePDCCH among UEs and TxD (e.g., SFBC etc) or RBF (i.e., Randomized Beam Forming) is expected for obtaining diversity gain. Since quite a few companies request to have diversity gain for one of the configuration of ePDCCH as same as PDCCH, Configuration 2-b is mandatory feature for ePDCCH.

Localized configuration with non-shared DMRS
As expressed by some companies in RAN1#68bis as below, we also think decoding complexity is much greater than channel estimation complexity. Moreover, even in implicit antenna port determination, antenna port for ePDCCH is implicitly configured through search space configuration. Therefore, we do not see the needs for an explicit UE-specific configuration to determine the antenna port association.
Observation 1:

· An explicit UE-specific configuration is not required for localized configuration with non-shared DMRS configuration to determine the antenna port association. 
· The antenna port for ePDCCH is implicitly configured through search space configuration
Proposal 1:

· For localized transmission, the antenna port(s) for ePDCCH is/are determined by the implicit determination from the time-frequency locations of the REs used by the corresponding DCI message.
Distributed configuration with non-shared DMRS
Two cases can be considered for ePDCCH structure as illustrated in Figure 1 and 2. One is a PRB pair consist of more than 4 eCCE/eREGs and another is a PRB pair consist of 4 or less eCCE/eREGs.
It is ideal if different antenna ports can be allocated to each of 16 eREGs/eCCEs in a PRB pair in Figure 1. However, eREGs/eCCEs in a PRB pair can be associated with up to four different antenna ports. Therefore, eNB scheduler has to take into account the AP blocking when it allocates an eCCE and this AP blocking becomes the scheduling restriction in this configuration to select the appropriate precoding vector for a UE. Therefore, UE-specific antenna port configuration may be useful in distributed with non-shared DMRS configuration to relax the eNB scheduling restriction in Figure 1.
On the other hand, if a PRB pair consists of 4 or less eCCE/eREGs, there are no such kinds of issues. 
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	Figure 1: One example of ePDCCH structure for distributed configuration: a PRB pair consists of more than 4 eCCEs/eREGs.

	Figure 2: Another example of ePDCCH structure for distributed configuration: eCCE consist of four eCCEs/eREGs




Observation 2:

· The AP determination for distributed transmission with non-shared DMRS is highly related to the number of eCCEs within a PRB pair.
Observation 3:
· A UE-specific configuration is not required for distributed configuration with non-shared DMRS to determine the antenna port association at least if a PRB pair consists of four eCCEs/eREGs.
From the above observations, we think the number of eCCE within a PRB pair should be discussed before the discussion of the AP determination for distributed transmission with non-shared DMRS. 

We also think a UE-specific configuration is not necessary for distributed transmission with non-shared DMRS to determine the antenna port association and the AP determination for distributed transmission with non-shared RS should be the same as that for localized transmission if a PRB pair consists of four eCCEs/eREGs.
Proposal 2:
· The number of eCCEs within a PRB pair should be discussed before the discussion of the AP determination for distributed transmission with non-shared DMRS.
· If a PRB pair consists of four eCCEs/eREGs, the AP determination for distributed transmission with non-shared RS should be the same as that for localized transmission.
Distributed transmission with shared DMRS
The following are alternatives for AP determination for shared DMRS:

· Alt.1: AP(s) for distributed with shared DMRS should be specified in the specification.

· E.g. “AP 7 only” , “AP 7 and 8” or “AP 7 and 9” 
· Alt.2: The AP determination for distributed transmission with shared RS should be the same as that for localized transmission
· FFS about second AP resource determination if it is required.
· Alt.3: Configuration between Alt.1 and Alt.2
We concluded that the AP determination for distributed transmission with non-shared RS should be the same as that for localized transmission if the multiplexing of localized and distributed transmission within a PRB pair is assumed.  However, some operators may only implement the distributed transmission with shared DMRS.  In general, there is no fundamental need to configure AP(s) for the distributed with shared RS.  Therefore, one solution for the AP determination of distributed transmission with shared DMRS is that AP(s) for distributed with shared DMRS should be specified in the specification.
If localized and distributed are multiplexed in a PRB pair, the eNB scheduler can select the appropriate eCCE to avoid the AP blocking. Another solution may be AP determination for distributed transmission with shared RS is the same as that for localized. In this case, the eNB scheduler need not take care of AP blocking between localized and distributed. The better solution may be depend on whether localized and distributed transmission are multiplexed within a PRB pair so configuration between Alt.1 and Alt.2 is also another choice.
Observation 4:

· In general, there is no need to configure AP for the distributed with shared RS.

· On the other hand, the same AP determination between distributed transmission with shared RS and localized transmission may be beneficial to avoid the AP blocking if distributed and localized are multiplexed within a PRB pair.
Proposal 3:

· The AP determination for distributed with shared DMRS and that with non-shared DMRS should be discussed separately.

· AP determination for distributed with shared DMRS should be selected from the following alternatives.

· Alt.1: AP(s) for distributed with shared DMRS should be specified in the specification.

· E.g. “AP 7 only” , “AP 7 and 8” or “AP 7 and 9” 
· Alt.2: The AP determination for distributed transmission with shared RS should be the same as that for localized transmission
· FFS about second AP resource determination if it is required.
· Alt.3: Configuration between Alt.1 and Alt.2
2.1. Scrambling sequence for ePDCCH RS
The scrambling sequence for ePDCCH RS is one of the remaining issues. 

Several companies propose to introduce dynamic scrambling initialization parameter [5].  In PDSCH discussions, two scrambling sequences were agreed in RAN1#68bis and it is assumed that the scrambling sequence is selected based on transmission point. The main motivation to introduce the dynamic selection of the scrambling sequence is to support the MU-MIMO with legacy UE and Rel.11 UE.
Considering the above motivations, we do not see the necessity of dynamic selection for ePDCCH DMRS. So we think that semi-static configuration for the initialization value is sufficient and it can avoid the increase of blind decoding attempt caused by scrambling sequence ambiguity.
About the exact configuration of the scrambling sequence, the following alternatives can be considered.
Example of explicit configuration:

· Alt.1: X for ePDCCH RS is configured via higher layer signalling
Example of implicit configurations

· Alt.2: X(0) for PDSCH DMRS is used for ePDCCH DMRS.

· Alt.3: X is selected based on localized or distributed transmission.

Observation 5:

Blind decoding of scrambling sequence should be avoided to prevent the increase of blind decoding attempt.

Proposal 4:

· One X value for the scrambling sequence of ePDCCH DMRS to a UE is configured via higher layer signalling.
· FFS whether explicit configuration or implicit configuration
· FFS whether X is common with PUSCH DMRS

3. Conclusion

From the above discussions, Sharp observed the following.
Observation 1:

· An explicit UE-specific configuration is not required for localized configuration with non-shared DMRS configuration to determine the antenna port association. 

· The antenna port for ePDCCH is implicitly configured through search space configuration

Observation 2:

· The AP determination for distributed configuration with non-shared DMRS is highly related to the number of eCCE within a PRB pair.
Observation 3:
· A UE-specific configuration is not required for distributed configuration with non-shared DMRS to determine the antenna port association at least if a PRB pair consists of four eCCEs/eREGs.
Observation 4:

· In general, there is no need to configure AP for the distributed with shared RS.

· On the other hand, the same AP determination between distributed transmission with shared RS and localized transmission may be beneficial to avoid the AP blocking if distributed and localized are multiplexed within a PRB pair.
Observation 5:

· Blind decoding of scrambling sequence should be avoided to prevent the increase of blind decoding attempt.

Therefore, Sharp proposes:
Proposal 1:

· For localized transmission, the antenna port(s) for ePDCCH should be determined by the implicit determination from the time-frequency locations of the REs used by the corresponding DCI message.

Proposal 2:
· The number of eCCE within a PRB pair should be discussed before the discussion of the AP determination for distributed transmission with non-shared DMRS.
· If a PRB pair consists of four eCCEs/eREGs, the AP determination for distributed transmission with non-shared RS should be the same as that for localized transmission.
Proposal 3:

· The AP determination for distributed with shared DMRS and that with non-shared DMRS should be discussed separately.

· AP determination for distributed with shared DMRS should be selected from the following alternatives.

· AP(s) for distributed with shared DMRS should be specified in the specification.

· E.g. “AP 7 only” , “AP 7 and 8” or “AP 7 and 9” 
· The AP determination for distributed transmission with shared RS should be the same as that for localized transmission
· FFS about second AP resource determination if it is required.
·  Configuration between the above alternatives
Proposal 4:

· One X value for the scrambling sequence of ePDCCH DMRS to a UE is configured via higher layer signalling.

· FFS whether explicit configuration or implicit configuration

· FFS whether X is common with PUSCH DMRS
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Agreement:


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
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