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1 Introduction

In RAN1#68 meeting, following agreements have been made on the reference signals for ePDCCH. Besides, several issues have been identified for further study.
Agreement from RAN1#68:

· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported

Observations from RAN1#68:

· 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 discuss the issues that have been identified for further study in RAN1#68 meeting and give our views on these issues.
2 Two-layer SU-MIMO for ePDCCH

Two-layer SU-MIMO for ePDCCH means that one DCI message is transmitted on two layers on the same time frequency resources. Since the number of REs available for ePDCCH transmission within one PRB pair is relatively large, it is not necessary to multiplex one DCI message over more than one layer. 
Therefore, we prefer not to support two-layer SU-MIMO for ePDCCH.

Proposal:

· Two-layer SU-MIMO for ePDCCH is not supported.

3 Antenna port and ePDCCH detection
Since we propose two-layer SU-MIMO is not supported for ePDCCH transmission, for localized transmission, one ePDCCH is only transmitted on one antenna port. Therefore, one antenna port is used for detection of one ePDCCH candidate. For distributed transmission with spatial diversity, if RBF (Random Beam Forming) is used, only one antenna port is used for detection of one ePDCCH candidate; if SFBC or large delay CDD are used, two or four antenna ports are used for detection of one ePDCCH candidate.
The relation between antenna port(s) and ePDCCH candidate can be configured by RRC signaling, i.e. RRC signaling indicates on which antenna port(s) one ePDCCH candidate is blindly detected. One option is to indicate the antenna port(s) for each ePDCCH candidate by RRC signaling. However, it costs large signaling overhead.
In order to reduce the signaling overhead, following alternatives are considered.

Alternative 1: The REs the ePDCCH is using within a PRB pair determines the antenna port candidates [4]
In alternative 1, MU-MIMO for ePDCCH and Tx diversity in orthogonal DMRS is difficult. For orthogonal MU-MIMO, different antenna port is used in a same REs. For Tx diversity schemes,  ePDCCHs in a same PRB pair should share same antenna port in a same REs to obtain channel estimation gain of orthogonal DMRS. 
Alternative 2: RRC signalling indicates the antenna ports for a group of ePDCCH candidates
The group of ePDCCH candidates is defined as an ePDCCH search space pattern. One search space pattern contains multiple ePDCCH candidates on one or multiple aggregation levels. One search space pattern is mapped to one or multiple (SFBC) antenna ports. The details of search space pattern can be found in [1].
In alternative 2, MU-MIMO for ePDCCH is easy to support. In addition, for Tx diversity scheme, eNB can allocate same antenna port to multiple UEs who share the PRB pairs of search space. 
If fixed antenna ports, e.g. port 7 and 9, are used for ePDCCH transmission with SFBC, antenna port information is not necessary for ePDCCH candidates using SFBC. 
Proposal:

· Antenna port for ePDCCH detection is configured by RRC signaling (Alt2).
· The antenna port is indicated for the detection of a group of ePDCCH candidates, defined as an ePDCCH search space pattern.
4 Scrambling sequence for ePDCCH detection

It has been agreed in RAN1#67 that:

· 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

In addition, DMRS sequence has been discussed for DL-CoMP PDSCH. The working assumption is that the same DMRS sequence generator as in Rel-10 is used and enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. The following is also included in the working assumption:
· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by
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· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.

· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID

· The value range of x(n) (0<=n<N) is FFS.
ePDCCH is also utilized in CoMP scenario. Therefore, to align DMRS sequence for ePDCCH and for PDSCH, parameter X can also be used for initializing the scrambling sequence of DMRS for ePDCCH. For ePDCCH DMRS, X should be UE specific configuration by RRC signaling. 
For ICIC in CoMP scenario 4, different X values should be assigned for the ePDCCH DMRS of different UEs. For non orthogonal MU-MIMO, different X values should be assigned for the ePDCCH DMRS of different UEs. For multiplex ePDCCHs from multiple UEs on different antenna ports within one PRB pair, same X values can be assigned for the ePDCCH DMRS of different UEs. For Tx diversity, antenna ports are shared by the ePDCCHs from multiple UEs. Therefore, DMRS for ePDCCH with Tx diversity can be configured with the same X value. 
Therefore, the parameter X for ePDCCH DMRS is UE specific configuration. There can be two X values configured for one UE: one is for ICIC and MU-MIMO and another is for Tx diversity.
Proposal:

· The scrambling sequence of DMRS for ePDCCH should be aligned with DMRS for PDSCH
· Parameter X for ePDCCH DMRS is UE specific configuration

· One UE can be configured with more than one X values.
· X value can be shared by multiple UEs, but UE does not need to be aware of it.

5 Tx diversity for distributed transmission
When channel is unknown, UE is in high speed or un-predictable interference condition, transmit diversity is essential for the robust transmission of ePDCCH. To support ePDCCH transmit diversity with DMRS, there are several options:
· SFBC (or STBC) with two or four antenna ports 

· Random precoding with one antenna port

· PRB based cycling precoder from codebook with one antenna port
· RE based cycling precoder from codebook with more than one antenna port

· Large delay CDD with two or four antenna ports
The operation of random precoding and cyclic selection of precoder is transparent to UE. Therefore, these would be network deployment option. These require only one antenna port is necessary for one ePDCCH transmission. RE mapping scheme and antenna port usage of these is same with non Tx diversity scheme from the perspective of UE, so no additional blind decoding efforts for Tx diversity are necessary. 
Large delay CDD is useful from the similarity to PDSCH but we don't see the specific merit of this because SFBC is better from diversity perspective. SFBC would show the best result among all schemes but requires two or four antenna ports and specific RE mapping schemes. Both require additional blind decoding efforts for Tx diversity. 
Link level simulation results are shown in [2], comparing SFBC with antenna port 7 and 8, SFBC with antenna port 7 and 9, and PRB based cycling precoder from codebook with one antenna port. From simulation result, SFBC has gain over PRB based cycling precoder in higher SNR.
Proposal:

6 ePDCCH signature for ePDCCH detection

R1-120870 proposed to use new modulation sequences for ePDCCH DMRS. The ePDCCH specific DMRS sequence would allow a certain UE to detect the PRBs allocated to the ePDCCH for this UE. This scheme can reduce the number of blind trials compared with full blind trial. However, it needs to introduce new design of DMRS sequence for ePDCCH than for PDSCH. Besides, missdetection probability (transmitted but failed to detect) is a possible concern. If every blind trial is carried out in order to reduce missdetection, there is no reduction of blind trials compared with full blind trial. In addition, the more time-processing calculation is viterbi decoding than channel estimation. In case UE specific scrambling is used for E-PDCCH data part (except the case APs are shared by multiple UEs for Tx diversity), by checking received signal power, the signal existance can be estimated after descrambling. Then it is implementation issue not to have viterbi-decoding based on received and descrambled signal power of E-PDCCH data part. 

Therefore, we prefer not to have ePDCCH signature for ePDCCH detection.
Proposal:

· ePDCCH signature for ePDCCH detection is not supported
7 Summary

This contribution discusses the issues for further study regarding reference signals for ePDCCH transmission and provides our view on these issues.
Based on the discussion, the following proposals are made:
Proposals:

· Two-layer SU-MIMO for ePDCCH is not supported.

· Antenna port for ePDCCH detection is configured by RRC signaling.

· The antenna port is indicated for the detection of a group of ePDCCH candidates, defined as an ePDCCH search space pattern.
· The scrambling sequence of DMRS for ePDCCH should be aligned with DMRS for PDSCH

· Parameter X for ePDCCH DMRS is UE specific configuration

· One UE can be configured with more than one X values.

· X value can be shared by multiple UEs, but UE does not need to be aware of it.

· ePDCCH signature for ePDCCH detection is not supported
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