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1. Introduction
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (E-PDCCH) will be introduced in Rel-11 [1]. Based on the assumed function of E-PDCCH, the following conclusions were agreed in RAN1 #67 for reference signal [2]: 
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized 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
After further discussion in RAN1 #68 [3], the following conclusions were reached:
· Working assumption: There are no cases where CRS is used for demodulation of the enhanced control channel.
· Agreement: 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
DM-RS provides more flexibility in terms of multi-antenna schemes, spatial reuse of control channel resources, frequency-domain ICIC and new carrier types as well as MBSFN subframes. Thus, it is used for supporting close loop and open loop transmission. More efficient transmission of E-PDCCH will alleviate the problem of PDCCH capacity and reduce the system overhead. In this contribution, efficient transmission schemes based on UE specific RS for E-PDCCH are discussed.
2. Discussion on efficient transmission schemes for E-PDCCH
For higher SNRs , high order modulation and high rank transmission could improve the system spectral efficiency because more information bits are transmitted in the same time-frequency resource. 16QAM and/or rank2 transmission could be introduced for high geometry UEs [4, 5]. Besides, UEs usually have the problem of decoding control information from PDCCH when the code rate is larger than 3/4. To support format 2C with up to 66 bits, at least 2 CCEs may be required with QPSK and rank 1 transmission on both PDCCH and E-PDCCH if the “E-CCE” and CCE both have similar size. However, when UEs work in high geometry, only 1 E-CCE would be required if rank 2 or 16QAM transmission is used. Based on the above discussion, support for rank2 and/or 16QAM should be considered to provide efficient transmission for E-PDCCH.
Proposal 1:  Rank2 and/or 16QAM transmission should be considered to provide efficient transmission for E-PDCCH.
To support configuring the transmission scheme for E-PDCCH, such as aggregation level, modulation mode and transmission rank, CSI feedback from UE side is required. With subband selection, frequency scheduling gain and interference coordination could be achieved. E-PDCCH performance can thus be improved significantly compared with transmission in fixed subband. Furthermore, a new feedback mode could be introduced to support E-PDCCH because of differentcoding methods and different performance requirements between PDCCH and PDSCH. However, if conventional CSI feedback is used, there would need to be a mapping between the conventional CQI index and possible E-PDCCH transmission schemes. The base station may configure the suitable transmission scheme based on a predefined mapping table and CQI index from UE’s feedback.

Using rank 2 or 16QAM, more bits can be transmitted by the physical layer. This would allow a lower coding rate to be used for aggregation level 1, but would not provide any useful further improvement in code rate for higher aggregation levels. Rank 2 or 16QAM could also enable allow the E-CCE to be defined with fewer REs, which could allow more than a nominal 4 DCI messages of 1 E-CCE to be multiplexed within a single PRB pair. However, this would require provision of more than 4 DM-RS ports. In any case neither rank 2 or 16QAM will be effective in lowering the coding rate for aggregation levels greater than 1 or 2.  
Proposal 2: Rank 2 or 16QAM transmission should not be considered for aggregation levels greater than 2.

If 16QAM is used for E-PDCCH, UEs would need to know the power ratio between DM-RS and data for correct demodulation. This condition could be guaranteed by pre-determining or signaling the power ratio.   
MIMO is another useful method to improve transmission efficiency. There are two kinds of multiplexing methods proposed here for E-PDCCH transmission. One is multiplexing transmission for the uplink grant and downlink grant for one user in the same time-frequency resource (i.e. SU-MIMO). Another is multiplexing transmission for the control signaling of multiple users (i.e. MU-MIMO). Both methods use precoding to achieve spatial orthogonality. They also require the support of the DM-RS design for accurate demodulation. Particularly, support of rank 2 transmission would be required for UEs with E-PDCCH transmissions for both uplink and downlink control signaling in the same REs.  
Since MIMO techniques are only beneficial at high enough SNRs, it would only be worthwhile considering this possibility for low aggregation levels. MU-MIMO can be supported transparently, provided there can be sufficient spatial isolation between the DM-RS for different UEs. However it would be worthwhile designing for orthogonality between DM-RS for spatially multiplexed E-PDCCH. The same feature could be used to support the use of SU-MIMO for E-PDCCH.    
Proposal 3: Transparent MU-MIMO could be considered for efficient transmission of E-PDCCH. In addition, design of orthogonal DM-RS should be considered to support spatially multiplexed E-PDCCH.
When UEs move with high speed, the feedback CSI will be outdated. Therefore open loop transmission schemes and distributed E-PDCCH are appropriate in this scenario. Transmit diversity schemes could improve system error performance [4]. For the same reasons as with close loop transmission, E-PDCCH could achieve high transmission efficiency if 16QAM is used with a transmit diversity scheme such as SFBC or random beamforming [6]. To support high rank transmission, large delay CDD could be used to achieve diversity gain in the frequency domain. To support DM-RS based demodulation, the cycling of precoder need only be applied at the PRB level.
Proposal 4: For efficient distributed E-PDCCH transmission, transmit diversity combined with 16QAM, or large delay CDD with rank2 transmission, could be considered.
The above discussion is based on currently defined DCI sizes. With 16QAM and rank 2 transmission it would in principle be possible to support transmission of DCIs with larger sizes with low E-PDCCH aggregation levels, at least for high SNRs. 
3. Conclusions
Based on the above discussion, our proposals are as follows:
Proposal 1: Both rank 2 and 16QAM transmission should be considered to provide efficient transmission for E-PDCCH.
Proposal 2: Rank 2 or 16QAM transmission should not be considered for aggregation levels greater than 2.

Proposal 3:  Transparent MU-MIMO could be considered for efficient transmission of E-PDCCH. In addition, design of orthogonal DM-RS should be considered to support spatially multiplexed E-PDCCH.
Proposal 4: For efficient distributed E-PDCCH transmission, transmit diversity combined with 16QAM, or large delay CDD with rank2 transmission, could be considered.
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