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Discussion and Decision
1 Introduction

In RAN1#94bis, the following agreements were made –

· CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.

· For localized MPDCCH, the following mappings are supported between CRS and DMRS:

· Predefined mapping

· Mapping based on CSI report

· FFS the details.

· For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 

· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)

· Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).

In this contribution, we consider MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
In RAN1#94bis, it was agreed that CRS for improving channel estimation on MPDCCH in idle mode is supported with details for further study. For paging and random access, the MPDCCH is transmitted using distributed transmission and the eNB is likely to use a fixed precoding mapping as eNB does not have knowledge of the preferred precoding by the UEs. Typically, precoder cycling is used across the time and frequency domain. This mapping may be fixed or indicated to the UE. Fixed mapping reduces the signaling but results in less flexibility by the eNB. Therefore, it is proposed that the mapping should be signaled by the eNB via SIB.

Proposal 1: For UEs in idle mode, eNB can signal via SIB (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB and subframes), and (3) power offset between CRS and DMRS.
For UEs in connected mode, the mapping depends on whether the MPDCCH is localized or distributed. For localized MPDCCH, both predefined and mapping based on CSI are supported. This can then be used to support both open-loop and closed-loop operation. For distributed MPDCCH, only open-loop operation based on predefined mapping is supported.
Currently, the details of this predefined mapping are for further study (e.g. number of PRBs over which mapping applies, fixed or configurable). In one option, the eNB can signal the codebook and precoding configuration to the UE. The precoding configuration could be, e.g. a bitmap of the precoding matrix indicator (PMI) to be used per PRB, or PMI per group of REs. Alternately, the information can be predefined – e.g. codebook is based on the number of Tx antennas at the eNB while precoding configuration can be based on the physical cell ID. In addition, antenna port mapping between DMRS and CRS may be signaled to the UE or predefined so UE can combine the DMRS antenna port with the CRS antenna port for channel estimation.
Based on the above discussion, our preference is then to signal the codebook and precoding configuration to the UE. The precoding configuration could be, e.g. a bitmap of the precoding matrix indicator (PMI) to be used per PRB, or PMI per group of REs. To reduce the signaling overhead, codebook-based precoding or beamforming can be used. Existing LTE codebooks should be sufficient for this purpose. Note that this method can be used for both predefined mapping or mapping based on CSI report. Additionally, the eNB would also need to signal the CRS to DMRS antenna port association and the power offset between CRS and DMRS.

Proposal 2: For UEs in connected mode, eNB can signal via RRC signalling (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB and subframes), and (3) power offset between CRS and DMRS.
Note that some signaling e.g. the CRS to DMRS antenna port association may be cell-specific whereas others e.g. codebook and precoding configuration may be UE-specific.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS in addition to DMRS and make the proposals –
Proposal 1: For UEs in idle mode, eNB can signal via SIB (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB and subframes), and (3) power offset between CRS and DMRS.
Proposal 2: For UEs in connected mode, eNB can signal via RRC signalling (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB and subframes), and (3) power offset between CRS and DMRS.
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