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1. Introduction
The Rel-11 downlink MIMO enhancement study item [1] includes several aspects including MIMO performance in real-life network deployments, CSI feedback enhancement and downlink control signaling enhancement in both uniform and non-uniform network deployment scenarios. Among the Rel-11 DL MIMO issues, the downlink control signaling enhancement is mainly focused on in this contribution and other aspects are discussed in companion contribution [2].

The Rel-11 downlink control signaling enhancement can be considered in two different viewpoints such as downlink control signaling support for better MU-MIMO performance and downlink control channel enhancement for overall system benefit under uniform and non-uniform network deployment scenarios.
2. Rel-11 DL Control Signaling Enhancement
A. DL control signaling for MU-MIMO enhancement
The downlink MU-MIMO performance is in general highly dependent on the beam separation capability at an eNB transmitter and co-channel interference mitigation capability at a UE receiver. The co-channel interference minimization performance at an eNB transmitter relies on the CSI feedback for MU-MIMO scheduling. On the other hand, the co-channel interference mitigation performance depends on the co-scheduling information and interference channel measurement accuracy. In Rel-10, a UE is possible to mitigate one additional interfering layer by detecting interference from orthogonal DM-RS implicitly although up to 4 UE can be co-scheduled in the same time/frequency resources. Therefore, it would be beneficial to give co-scheduling information to UE in DL control signaling and allow estimating interfering channel by providing orthogonal DM-RS up to 4 UEs.
It has been proposed that composite transmission rank is provided in a PDCCH so that the co-channel scheduling information could be used at a UE receiver. However, if orthogonal DM-RS is not supported, the co-scheduling information may not be used since a UE couldn’t estimate interfering channels. Since two CDM group based DM-RS structure is employed in Rel-10, one CDM group based MU-MIMO transmission and muting for the PDSCH RE overlapping with other DM-RS CDM group were proposed. Although these proposals discussed in Rel-10 time frame, we may study the proposals in new deployment scenario and employ them in Rel-11 for better support MU-MIMO if significant performance benefits are shown.
Observation: orthogonal DM-RS up to 4UE with composite rank indication in downlink control information could be studied in non-uniform network deployment scenarios in Rel-11 for better support of MU-MIMO.
B. DL control channel enhancement
There seems to be an increasing demand on the downlink control channel enhancement since the PDCCH capacity could be a bottleneck of the system throughput if multi-user MIMO based scheduling is used. Since the PDCCH resource region is shared with PCFICH and PHICH, the PDCCH capacity is limited although 3 OFDM symbols out of 14 OFDM symbols in a subframe could be used as a maximum. Therefore, maximum the number of UE scheduled in a subframe could be also limited and this may result in MU-MIMO performance degradation. In addition, the inter-cell interference in PDCCH region could be relatively higher than that in PDSCH considering network is not always fully loaded in a real world. Therefore, inter-cell interference could be high although neighbour cell is lightly loaded and this leads for eNB to use larger number CCE to keep the cell coverage, thus resulting in PDCCH capacity loss. Furthermore, the MIMO transmission scheme for PDCCH transmission is not optimized for a UE configured with closed-loop transmission since beam-forming gain couldn’t be exploited in CRS-based PDCCH transmission.
In order to enhance PDCCH capacity and performance, a UE-specific RS based PDCCH (i.e., E-PDCCH) which is transmitted in PDSCH region could be considered in Rel-11. Since E-PDCCH may have less inter-cell interference if neighbour cell is lightly loaded and beamforming gain from precoded DM-RS, less physical resource could be used with the same cell coverage. In addition, PDCCH reuse for multiple user support is possible among geographically separated points as far as negligible interference is received from other transmission points.
Two approaches could be considered in E-PDCCH design in Rel-11 as follows:
· Approach 1: PDCCH and E-PDCCH are jointly designed so that a UE detects both PDCCH and E-PDCCH in a subframe.

· Approach 2: E-PDCCH is independently designed so that a UE detects either PDCCH or E-PDCCH in a subframe and configured by higher layer.

The approach 1 may increase the number of PDCCH blind detection while more robust PDCCH transmission would be supported. Therefore, a PDCCH blind detection complexity reduction scheme could be studied together for approach 1. On the other hand, approach 2 could be beneficial in terms of UE implementation complexity while the E-PDCCH performance could be seriously degraded if eNB configures inappropriate PDCCH mode to a UE such that E-PDCCH is configured for a UE experiencing high Doppler frequency.

Observation:  UE-specific precoded DM-RS based PDCCH (E-PDCCH) seems to be worthwhile to study with a high priority in Rel-11 time frame.
3. Summary
In this contribution, we discussed on Rel-11 downlink control signaling enhancement. We can summary the discussions as follows:
· Orthogonal DM-RS up to 4UE with composite rank indication in downlink control information could be studied in non-uniform network deployment scenarios in Rel-11 for better support of MU-MIMO.
· UE-specific RS based PDCCH (E-PDCCH) seems to be worthwhile to study with a high priority in Rel-11 time frame.
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