3GPP TSG-RAN WG1 #68bis
R1-121171
Jeju, Korea, March 26th – March 30th, 2012
Source:              MediaTek Inc.

Title:                   Utilization of DRS Antenna Ports for Diversity and Beamforming Schemes in ePDCCH
Agenda Item:     7.6.1
Document for:   Discussion and decision


1. Introduction
In RAN1 session #67, the follow points were agreed.
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used
· The scrambling sequence used is FFS
However, there is no agreement on how to utilize DM-RS antenn ports for diversity and beamforming schemes in ePDCCH yet.  In this paper, we will discuss thre related issues and provide our views.


2. Discussion
In RAN1#67, it was already agreed that both distributed and localized transmission schemes of ePDCCH are supported.  Since distributed ePDCCH is utilized to exploit frequency diversity and localized ePDCCH is utilized to exploit either multi-user diversity or beamforming gain, it is reseasonable to view distributed ePDCCH as the resource allocation scheme for open-loop diversity transmission and localized ePDCCH as the resource allocation scheme for closed-loop diversity/beamforming transmission scheme.
2.1  DRS Antenna Ports Utilization for Distributed ePDCCH
For distributed ePDCCH, frequency diversity is the first diversity gain to be exploited for comparable DCI decoding performance with legacy PDCCH.  In this case, both DRS and data are not precoded and DRS is utilized as CRS for demodulation.  Unless multiple antenna transmission scheme is applied, single antenna port of DRS is enough for DCI decoding.  Since there are four antenna ports of DRS for ePDCCH, the rest of antenna ports can be utilized in other cells for distributed ePDCCH transmission to enhance the orthogonality of DRS among different cells for better DCI decoding performance, especially for HetNet deployment so it is suggested to have the antenna port of DRS for distributed ePDCCH and its corresponding sequence configured by RRC layer.
In addition to frequency diversity, transmit diversity can be further exploited to enhance the performance of ePDCCH by open-loop MIMO technology, such as SFBC and random beamforming.  For SFBC transmit diversity scheme, two antenna ports are needed while only single antenna port is needed for random beamforming scheme.  Accroding to [1], the performance of SFBC and random beamforming scheme is comparable when the diversity order for the DCI is around 8.  Considering the number of antenna ports consumed for both scheme in each cell, random beamforming seems to be more efficient because there are more antenna ports left for other cells.  In addition, random beamforming enables a common channel estimation scheme for both distributed and localized transmission of ePDCCH and reduces the excessive specification efforts for different SFBC subcarrier pairing schemes.  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 and its corresponding sequence are determined through RRC signaling.
Proposal #2:  For distributed ePDCCH, random beamforming is utilized as the open-loop MIMO transmission scheme and single antenna port of UE-specific reference signals is precoded  together with data subcarriers inside the same PRB-pair(s) and utilized for DCI decoding.  The utilized antenna port of UE-specific reference signals and its corresponding sequence are determined  through RRC signaling.
2.1  DRS Antenna Ports Utilization for Localized ePDCCH
For localized ePDCCH, the main purpose of this transmission scheme is to exploit beamforming gain by applying the beamforming precoder to the UE based on its RI/PMI/CQI feedback.  In addition to beamforming gain, multi-user diversity can also be exploited by scheduling physical resources to the UE based on its CQI feedback.  However, it may require the multiplexing of multiple UEs inside a PRB-pair for more efficient resource utilization.  Since it was agreed that up to four antenna ports of DRS can be utilized for DCI decoding in ePDCCH, the maximal number of UEs which can be multiplexed in a PRB-pair is four.  How to associate the antenna ports of DRS to each of UEs multiplexed in a PRB-pair remains an open issue.

There are two possible methods for antenna port association.
Alternative  #1:  Antenna port association is based on the logical order of the partitions (Ex: eCCEs) in a PRB-pair and the aggregation level the DCI uses.  One example is shown below.  Figure 2-1 shows how UEs are multiplexed and associated the antenna ports in a PRB-pair when beamfroming transmission scheme is utilized.
· Aggregation level 1 => 
· Antenna port #7 is associated to the partitions with logical address the modulus of which is equal to 0
· Antenna port #8 is associated to the partitions with logical address the modulus of which is equal to 1

· Antenna port #9 is associated to the partitions with logical address the modulus of which is equal to 2

· Antenna port #10 is associated to the partitions with logical address the modulus of which is equal to 3

· Aggergation level 2, 4, 8 =>

· Antenna port #7 is associated to the first aggregated partition with logical address the modulus of which is equal to 0

· Antenna port #8 is associated to the first aggregated partition with logical address the modulus of which is equal to 1

· Antenna port #9 is associated to the first aggregated partition with logical address the modulus of which is equal to 2

· Antenna port #10 is associated to the first aggregated partition with logical address the modulus of which is equal to 3
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Figure 2-1  Example illustration of Alternative #1

Alternative #2:  Antenna port association is based on the physical location of REs in a PRB-pair.  One example is shown in Figure 2-2.
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Figure 2-2  Example illustration of Alternative #2
Alternative #3:  Antenna port of DRS utilized for DCI decoding is configured by higher layer.  For example, if UE is configured to utilize antenna port #7 of DRS for DCI decoding in localized ePDCCH, the UE decodes all blind decoding candidates by antenn port #7 of DRS no matter what aggregation level is.

 In Alt. #1, each UE utilizes single antenna port for DCI decoding in each blind decoding candidate; in Alt. #2, each UE may utilize multiple antenn ports for DCI decoding in each blind decoding candidate.  Considering the complexity for single blind decoding candidate, Alt. #1 has lower complexity.  However, in Alt. #1, UE still needs multiple channel estimates for DCI decoding when there are multiple blind decoding candidates because different blind decoding candidates may be associated to different antenna ports.  Therefore, compared to Alt. #2, there is no explicit benefits for Alt. #1.  Instead, Alt. #2 enables fixed filter coefficients for channel estimates and thus pocess lower complexity for channel estimation.  However, both Alt. #1 and Alt. #2 introduce multiple channel estimates and it may results in higher complexity or longer processing time for DCI decoding.  In Alt. #3, UE can determine the antenna port utilized for DCI blind decodings through RRC signaling and doesn’t have to estimate channel coefficients over multiple antenna ports.  Compared to Alt. #1 and Alt. #2, it introduces less complexity for DCI decoding.  Furthermore, it also enables the possibility of MU-MIMO and interference coordination over DRS in ePDCCH.  Figure 2-3 illustrates an example scenario.
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Figure 2-3  Illustration of example scenario for Alt. 3

So it is suggested to adopt Alt. #3 in the beamforming transmission scheme for ePDCCH.
Proposal #3:  For localized ePDCCH, the utilization of antenna port(s) of UE-specific reference signals is fixed for different blind decoding candidates and the utilized antenna port(s) and its corresponding sequence are determined through RRC signaling.
3. Conclusion

In this paper, the related issues of reference signal utilization for both distributed and localized ePDCCH are discussed.  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 and its corresponding sequence are determined through RRC signaling.
Proposal #2:  For distributed ePDCCH, random beamforming is utilized as the open-loop MIMO transmission scheme and single antenna port of UE-specific reference signals is precoded  together with data subcarriers inside the same PRB-pair(s) and utilized for DCI decoding.  The utilized antenna port of UE-specific reference signals and its corresponding sequence are determined  through RRC signaling.
Proposal #3:  For localized ePDCCH, the utilization of antenna port(s) of UE-specific reference signals is fixed for different blind decoding candidates and the utilized antenna port(s) and its corresponding sequence are determined through RRC signaling.
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