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Discussion and Decision
1 Introduction

In eMTC the overhead from the MPDCCH can be significant. For instance, at 154dB MCL, the PDSCH requires 64ms transmission time while the MPDCCH requires 16ms, resulting in 25% control overhead. In Rel-16, two enhancements are being specified to reduce this overhead. The first is to allow scheduling of multiple transport blocks using a single DCI. The second is to specify MPDCCH performance improvement by using CRS at least for connected mode. In RAN1#94, the following agreements were made –

· CRS for improving channel estimation on USS MPDCCH is supported

· The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 

· eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.

· CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.
In this contribution, we consider MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
In Rel-16, MPDCCH performance improvement by using CRS at least for connected mode will be specified. Improvement for both USS and Type0-MPDCCH CSS MPDCCH will be supported. In Rel-16, the UE can be configured to use CRS in addition to DMRS but without expected changes to the MPDCCH. This is the most straightforward change as MPDCCH processing will stay at the same (except for channel estimation). This approach also allows legacy and Rel-16 UEs to be multiplexed into the same MPDCCH PRBs. 

To allow CRS to be used together with DMRS, 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.
For distributed MPDCCH transmission, the mapping may be predefined as the choice of precoder may not have significant impact to performance. For localized MPDCCH transmission, a mapping may be provided based on possibly feedback from the UE.
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. Additionally, the eNB would also need to signal the CRS to DMRS antenna port association and the power offset between CRS and DMRS.

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.
Proposal 1: To define the relationship between CRS and DMRS, the eNB can signal (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB), and (3) power offset between CRS and DMRS.

Currently, MPDCCH performance improvement is at least for USS and Type0-MPDCCH CSS (for common search space using C-RNTI, SPS C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and PDCCH order). In these cases, the eNB is aware of the UE capability and can configure this feature accordingly. For UE in idle mode paging or during random access procedure, UE’s capability is not known. However, UEs can still take advantage of this feature if signaled by the eNB. Per the discussion in RAN1#94, CRS could be used in addition for DMRS for channel estimation. 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. Therefore, it is proposed that this feature is supported for UEs in idle mode as well. 

Proposal 2: MPDCCH performance improvement by using DMRS + CRS is supported for UEs in idle mode.
Further enhancement may be possible by using PRB bundling, which can help improve channel estimation performance for UEs in limited coverage. In addition, it may be so that UEs can also use CRS outside of the MPDCCH narrowbands to aid in the channel estimation. In theory, this should be straightforward as the UE can apply the precoder to the CRS immediately outside of the MPDCCH narrowbands. Nonetheless, it should be further study whether the mapping between CRS and DMRS can also be applied outside of the MPDCCH narrowbands.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS in addition to DMRS and make the proposals –
Proposal 1: To define the relationship between CRS and DMRS, the eNB can signal (1) antenna port mapping between DMRS and CRS, (2) codebook and precoding configuration (e.g. bitmap of PMI per PRB), and (3) power offset between CRS and DMRS.

Proposal 2: MPDCCH performance improvement by using DMRS + CRS is supported for UEs in idle mode.
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