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1. Introduction

A working assumption was made at WG1 meeting #66bis, to introduce an enhanced physical downlink control channel based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO. One of the characteristics of the new control channel is to be able to support increased control channel capacity. The PDCCH from Rel.10 has an upper bound of 2 bits per RE in spectral efficiency (SE) and it has been observed that in some scenarios, such as the CA based HetNet, the downlink SINR distribution is rather favorable for using a single CCE for transmission of the PDCCH with high probability [1]. A large fraction of the UEs in this scenario are thus limited by the 2 bit/RE spectral efficiency of the PDCCH. Therefore, we provide our views on supporting increased spectral efficiency for the enhanced control channel in this contribution.

2. Enhanced control channel with higher spectral efficiency 

There were some discussions at meeting #66bis and contributions that mention ways to increase the spectral efficiency above 2 bits/RE, e.g.  [2]

 REF _Ref307819184 \r \h 
[3]

 REF _Ref307822234 \r \h 
[4].  The proposals can be categorized into using multi-layer transmission [5]

 REF _Ref307819697 \r \h 
[6] or using higher order modulation [7]. The multi-layer enhanced control channel can further be divided into the case where a UE receives multiple layers (i.e. SU-MIMO) or where each of the multiple-layers is transmitted to different UEs (MU-MIMO).

Supporting MU-MIMO operation with non-orthogonal DMRS is natural for the CoMP scenario 4 cases to provide area splitting gains of the enhanced control channel, i.e., the same resource is used multiple times in the same cell. An agreed WA at meeting #66bis allows the DMRS sequences to be semi-statically configured in a UE specific manner and if the same DMRS are used for the enhanced control channel, then this WA naturally applies also to the enhanced control channel. 

Supporting MU-MIMO operation with orthogonal DMRS needs more considerations since it requires that each resource used in the PRB pair that is used for transmitting the enhanced control channel is associated with more than one antenna port and the UE need to know which one to use for the demodulation. There may then be issues with an increased number of blind decoding etc. to have the flexibility to pair arbitrary UEs for MU-MIMO transmission. 

Proposal 1: MU-MIMO for the enhanced control channel with non-orthogonal reference signals should be supported to provide the spatial reuse of the resources. Support for MU-MIMO with orthogonal RS is FFS. 

SU-MIMO transmission [8] of a DCI to a UE would with 2 layer transmission double the achievable peak spectral efficiency to 4 bits/RE. However, this comes at the cost of requiring more advanced MIMO receivers, inter-layer interference and at least two receive antennas. In PDSCH transmissions, SU-MIMO can provide very high spectral efficiencies at high SINR, exceeding the peak provided by the highest modulation order (64QAM) of a single layer. Since PDCCH and R-PDCCH currently supports QPSK modulation, the spectral efficiency can be doubled to 4 bits/RE by introducing 16QAM for the for enhanced control channel, and still low complexity single layer receivers can be used. 

Proposal 2: SU-MIMO is not supported for the enhanced control channel. Using higher order modulation (16 QAM) to double the spectral efficiency should be further considered. 

For small DCI payloads in favorable geometries there is also a possibility to introduce a new CCE aggregation level of 18 RE to allow a DCI to be transmitted in only half of the minimum resource used for PDCCH transmission. This is particularly attractive in combination with 16QAM modulation to keep the used code rate reasonable low. Introducing this has an impact on the number of blind decodings which needs to be further considered.

Proposal 3: Consider the introduction of CCE aggregation level of 18 RE for the enhanced control channel together with 16QAM modulation.

3. Conclusion

Proposal 1: MU-MIMO for the enhanced control channel with non-orthogonal reference signals should be supported to provide the spatial reuse of the resources. Support for MU-MIMO with orthogonal RS is FFS 

Proposal 2: SU-MIMO is not supported for the enhanced control channel. Using higher order modulation (16 QAM) to double the spectral efficiency should be further considered. 

Proposal 3: Consider the introduction of CCE aggregation level of 18 RE for the enhanced control channel together with 16QAM modulation.
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