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Discussion and decision
1 Introduction

At RAN#51, study item on DL MIMO enhancements for LTE-Advanced was agreed [1], and one objective is to evaluate enhancements of downlink control signaling in two aspects as

· to support MU-MIMO;

· based on UE-specific reference signals.
After first discussion on downlink control channel enhancement based on DM-RS i.e. E-PDCCH at RAN1#66, it seems that the motivation for E-PDCCH requires clarification. In this contribution, benefits of E-PDCCH are discussed in an attempt to make this issue clear.
2 Discussions on benefits of E-PDCCH
2.1 Increasing requirement for control channel capacity
For LTE-A, lots of advanced techniques are or will be employed, whereas the control channel is not improved and also based on PDCCH of Rel-8. It can be foreseen that the capacity of control channel is insufficient which will be the bottleneck for system throughput improvement.
· CA: An important character of CA is cross-CC scheduling, which makes a single CC take DCIs from many other CCs, so additional control channel capacity is required. In previous discussion, extension carrier is a technique proposed to make full use of fragmented bandwidth resources, which is suggested to transmit nothing but only data, so cross-CC scheduling seems inevitable. However, the introduction of E-PDCCH makes same-CC scheduling possible which will release the requirement on the control channel capacity of corresponding mother CC.

· DL-MIMO enhancement: Especially, MU-MIMO enhancement will be considered in Rel-11, which means that more UEs will be scheduled simultaneously and more DCIs need to be transmitted in one subframe.

· MBSFN: MBSFN subframe is permitted to transmit PDSCH in Rel-10, but the available OFDM symbols occupied by its PDCCH is smaller than normal subframe.
· DCIs in common use: It can be expected that DCIs corresponding to transmission modes based on DM-RS will be used as much as possible, e.g. format 2C. Payload of such DCI is so large that more control channel resources are required.
· Enhanced ICIC: In Rel-10, enhanced ICIC has been approved, in which almost blank subframe is used for interference cancellation between Macro and Pico. And in Rel-11, CA-based ICIC will be discussed, and different CCs are assigned to Macro and Pico to transmit PDCCH. No matter time-domain or frequency-domain solutions are utilized for ICIC enhancement, downlink control informations have to be concentrated in limited time-frequency sources, in this case, more control channel resources are required..
2.2 Performance enhancement and overhead reduction
Downlink transmission based on DM-RS has been enhanced for 8Tx in Rel-10, but it has few advantages on PDCCH as its demodulation is based on CRS and the number of available ports is not more than 4. With E-PDCCH, control information transmission can make the best of 8Tx. In addition, Rel-8 PDCCH is transmitted in an open-loop transmission scheme, so its reliability mostly relies on open-loop gains as frequency diversity and channel coding gains. Based on DM-RS, closed-loop transmission scheme can be used for E-PDCCH, and then closed-loop gains as beamforming/precoding and scheduling gains can be achieved which will provide more benefits on the performance of control information including accuracy and coverage, or reduce the overhead of control information.
2.3 Interference cancellation from single-cell perspective
In Rel-8, ICIC based on FDM is employed to improve the performance of data transmission for cell-edge UE, but it counts for little to PDCCH. However, with the introduction of E-PDCCH, such ICIC solution can be extended to control information transmission without any additional effort. Moreover, CS/CB that discussed in CoMP SI can also be employed or operate with ICIC together to reduce inter-cell interference further.
2.4 Coordination among multiple transmission points
In Rel-11, CoMP is an important aspect to be discussed, for which 4 scenarios have been defined. Among them, scenario 3 and 4 are HetNet structures, in which different kinds of gains may be achieved for different targets as signal quality improvement, throughput enhancement and so on. Few troubles are there for data transmission, but restrictions will be met for PDCCH to achieve gains as its specific structure.
· CoMP scenario 3: Cell IDs of Macro and RRH are different, so clearly splitting gain is available. However, similar with Macro-Pico scenario, RRH’s PDCCH will be interfered by Macro’s. Although eICIC can be used, usable resources will be limited for each node definitely. In addition, it is a little disappointed that CoMP gain seems impossible for PDCCH to achieve.
· CoMP scenario 4: Same cell ID is shared by Macro and RRHs, so PDCCHs from different points are soft combined naturally, which can improve the performance of PDCCH. However, such CoMP gain is partial, and splitting gain seems hard to get since CRS is also soft combined which will make accuracy channel estimation hard to achieve.
With similar structure as PDSCH, E-PDCCH can make switch flexibly between joint transmission and FDM-based ICIC maybe together with CS/CB in Macro plus RRH deployment to achieve CoMP or splitting gains as network wishes.
3 Conclusions

In this contribution, motivation analysis for downlink control channel enhancement was shown. With E-PDCCH, control channel capacity can be increased and signalling overhead can also be reduced, which is of benefit for CA, MU-MIMO and other enhancements in Rel-11. Moreover, E-PDCCH provides an efficient solution for CoMP deployment to achieve CoMP gain and splitting gain flexibly. Therefore, we suggest RAN1 to investigate E-PDCCH further.
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