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1. Introduction
In RAN1 session #68bis, the follow points were agreed.
· 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
However, further details on what UE-specific configuration is used in localized transmission of ePDCCH remains open and there is no agreement on distributed transmission of ePDCCH yet.   In this paper, we provide our views on the further details of the antenna determination scheme for both localized and distributed transmission of ePDCCH.


2. Discussion
The main design considerations discussed in RAN1 session #68bis for DRS antenna port determination are as follows.
1. Avoidance of scheduling blocking due to antenna port assignement
2. Low UE complexity for ePDCCH decoding, such as channel estimation
Though the support of MU-MIMO is not main design consideration for the ePDCCH aiming to optimize, it is still a good feature for consideration.  Different companies may have different views on the priority of the above two design considerations.  From our views, due to the reduction of the remaining PDSCH processing time for HARQ-ACK by the introduction of ePDCCH, UE complexity for ePDCCH decoding should have at least the same priority as the scheduling blocking consideration to avoid further reduction of remaining PDSCH processing time for HARQ-ACK.  One may argue that the processing time of channel estimation occupies only a small portion of DCI blind decodings.  However, unlike CRS-based channel estimation, the processing time of channel estimation may occupies a larger portion of DCI blind decodings because a more sophiscated channel estimation scheme needs to be applied in each PRB-pair of the ePDCCH to mitigate the boundary effects due to the narrow-band DRS.
2.1  DRS Antenna Port Determination for Distributed ePDCCH
Unlike localized ePDCCH, DRS antenna port(s) can be shared by all of UEs and the scheduling blocking is not an issue in the distributed ePDCCH.  Therefore, UE complexity should be the main design consideration for the DRS antenna port determination in distributed ePDCCH.  From the the consideration of UE complexity, UE-specific configuration is a natural way for the determination of DRS antenna port(s) in ePDCCH decoding.  No matter whether MU-MIMO is supported in distributed ePDCCH, UE-specific configuration can also enable the support of ePDCCH transmission over different layers using orthogonal DRS antenna ports in different points for CoMP scenario 4.  If the random sequence can be the same among multiple points using orthogonal DRS antenna ports, the orthogonality can be quaranteed and the performance of ePDCCH decoding can be enhanced due to smaller residual inter-point interference.
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Figure 2-1: Example illustration of DRS antenna port blocking when UE-specific configuration is applied for the DRS antenna port determination of the distributed ePDCCH and the multiplexing of distributed and localized ePDCCHs is allowed.
However, if UE-specific configuration is applied for DRS antenn port(s) determination in distributed ePDCCH, there may be wasted physical resources when distributed ePDCCH and localized ePDCCH are allowed to be multiplexed in one PRB-pair.  Figure 2-1 illustrates two examples.  In Figure 2-1, UE-specific configuration is applied for the DRS antenna port determination of distributed ePDCCH while an implicit predefined rule plus UE-specific configuration is applied for that of localized ePDCCH.  Two eCCEs are wasted in the PRB-pairs where distributed and localized ePDCCHs are multiplexed due to the DRS antenna port blocking when DRS antenna port 7 is always applied for the decoding of distributed ePDCCHs.
A simple way to resolve the problem is to apply the same DRS antenna port determination scheme to both distributed and localized ePDCCH but it may result in higher UE complexity and worse performance of ePDCCH decoding due to higher interference on DRS ports between points.  Another way to resolve the problem is to jointly determine the utilized antenna port(s) and physical resources in a PRB-pair via UE-specific configuration.  Figure 2-2 illustrates two examples.   In Figure 2-2, the UE-specific configuration is RRC signaling and it configures a UE to utilize DRS antenna port #7 for the distributed ePDCCH decoding.  Since the configured DRS antenna port is #7, the first utilized eCCE in a PRB-pair, according to an implicit predefined rule, should be  eCCE #0 in example #1 and eCCE #3 in example #2.
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Figure 2-2: Example illustration when the utilized antenna port(s) and physical resources in a PRB-pair are jointly determined via UE-specific configuration
For summary, three DRS antenn port(s) determination schemes for distributed ePDCCH are compared as follows.

Alternative #1: DRS antenna port(s) is determined through implicity predefined rule plus UE-specific configuration

· Pros:

· No resource blocking problem in PRB-pairs where distributed and localized ePDCCHs are multiplexed
· Single scheme for both distributed and localized ePDCCHs

· Cons:

· Higher UE complexity due to more introduced channel estimates for multiple utilized antenna ports

· Hard to control interference suffered on DRS antenna ports among different points 
Alternative #2: DRS antenna port(s) is determined through UE-specific configuration

· Pros:

· Low UE complexity due to the utilization of single antenna port for distributed ePDCCH decoding
· Easy to control interference suffered on DRS antenna ports among different points

· Cons:

· Resource blocking problem in PRB-pairs where distributed and localized ePDCCHs are multiplexed
· Two schemes for distributed and localized ePDCCHs

Alternative #3: DRS antenna port(s) is determined through UE-specific configuration and the utilized physical resources are derived from the UE-specific configuration with an implicit predefined rule

· Pros:

· Low UE complexity due to the utilization of single antenna port for distributed ePDCCH decoding

· Easy to control interference suffered on DRS antenna ports among different points

· No resource blocking problem in PRB-pairs where distributed and localized ePDCCHs are multiplexed
· Cons:

· Two schemes for distributed and localized ePDCCHs
Therefore, we have the following proposals:
Proposal #1:  For distributed ePDCCH, single antenna port of UE-specific reference signals is utilized for DCI decoding when no open-loop MIMO technology is applied.  The utilized antenna port of UE-specific reference signals is determined through RRC signaling.
Proposal #2:  For distributed ePDCCH, the utilized physical resources are derived from the RRC signaling for the utilized antenna port of UE-specific reference signals with an implicit predefined rule, which is designed aiming to avoid resource blocking in PRB-pairs where distributed and localized ePDCCHs are multiplexed.
2.2  DRS Antenna Port(s) Determination for Localized ePDCCH
It was agreed in RAN1 session #68bis that 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 but which UE-specific configuration remains open.  Three proposals for the UE-specific configuration are compared as follows.
Alternative #1: A UE-specific configuration is RRC signaling only
· Pros:

· Easy to configure different UEs using different DRS antenna ports to support MU-MIMO
· Easy to control interference suffered on DRS antenna ports among different points

· Cons:

· Additional RRC signaling is needed
· Single DRS antenna port for ePDCCH decoding is not possible
Alternative #2: A UE-specific configuration is based on UE ID only, e.g. C-RNTI
· Pros:

· No additional RRC signaling is needed
· Single DRS antenna port for ePDCCH decoding is possible

· For example, the DRS antenna port is determined based on the physical location of the UE’s search space, which relates to the UE ID, and the same DRS antenna port is applied in the search space
· Cons:

· There may be scheduling restriction for the support of MU-MIMO 

· Two UEs with the same derived DRS antenna port from the UE IDs can not be scheduled together for MU-MIMO
· Compared to RRC signaling, UE ID is also a kind of RRC signaling but it won’t be changed in a longer period
· There is restriction to control interference suffered on DRS antenna ports among different points independently
· Inter-point interference coordination with UE ID configuration for DRS antenna ports for ePDCCH is possible but it needs to be coupled with other physical signals depending on UE ID
Alternative #3: A UE-specific configuration is RRC signaling plus UE ID, e.g. C-RNTI

· Pros:
· Easy to configure different UEs using different DRS antenna ports to support MU-MIMO

· Easy to control interference suffered on DRS antenna ports among different points

· Single DRS antenna port for ePDCCH decoding is possible

· For example, the DRS antenna port is determined based on the RRC signaling and the physical location of the UE’s search space, which relates to the UE ID, and the same DRS antenna port is applied in the search space
· Cons:

· Additional RRC signaling is needed
From our views, alternative #3 is preferred because it provides both better scheduling flexibility and possibility of low UE complexity.  Therefore, we propose the following proposal:

 Proposal #3:  For localized ePDCCH, the antenna port(s) of UE-specific reference signals utilized for ePDCCH decoding is determined by a combination of RRC signaling and the physical location of the UE’s search space which relates to C-RNTI.  Whether to combine the RRC signaling  for localized and distributed ePDCCHs is FFS.


3. Conclusion

In this paper, our views on the remaining issues of DRS antenna port(s) determination for ePDCCH decoding are provideded.  The proposals are summarized as follows.
Proposal #1:  For distributed ePDCCH, single antenna port of UE-specific reference signals is utilized for DCI decoding when no open-loop MIMO technology is applied.  The utilized antenna port of UE-specific reference signals is determined through RRC signaling.

Proposal #2:  For distributed ePDCCH, the utilized physical resources are derived from the RRC signaling for the utilized antenna port of UE-specific reference signals with an implicit predefined rule, which is designed aiming to avoid resource blocking in PRB-pairs where distributed and localized ePDCCHs are multiplexed.
Proposal #3:  For localized ePDCCH, the antenna port(s) of UE-specific reference signals utilized for ePDCCH decoding is determined by a combination of RRC signaling and the physical location of the UE’s search space which relates to C-RNTI.  Whether to combine the RRC signaling  for localized and distributed ePDCCHs is FFS.






