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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 this contribution, we consider MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
MPDCCH is based on the EPDCCH and uses DMRS for demodulation. This design was chosen as it provides commonality with the EPDCCH and was shown to satisfy the performance requirements. However, it was also observed in the Rel-13 timeframe that performance was 2-2.5dB worse compared to control channel design based on the PDCCH. This is due to greater transmit diversity (e.g. SFBC versus precoder cycling), better channel estimation performance, greater frequency diversity, and less resource wastage from additional DMRS. In Rel-16, MPDCCH performance improvement by using CRS at least for connected mode will be specified. There are several possible ways to do this.
First, the UE can be configured to use CRS in addition to DMRS but without 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 control 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.
Note that multiple DMRS ports may also be declared as equivalent to provide more resources for channel estimation. For e.g. ports 7-10 may be declared as equivalent (a single equivalent port) providing 4 times the resources for channel estimation compared to the resources available for currently defined port 7.
Second, SFBC can be introduced to allow for CRS-based demodulation. There are several approaches to this method, depending on how much changes to the MPDCCH can be acceptable. Specifically, we can –

· Define new EREG/ECCE mapping (e.g. like REG/CCE for PDCCH) and apply SFBC to the new mapping. This will allow full diversity while taking advantage of CRS-based demodulation scheme. In addition, DMRS would not be needed, thus saving additional overhead resource. However, this new mapping will not be backward compatible and therefore we cannot schedule legacy UE in the same region. This would require introducing new time-frequency control region for Rel-16 UE which support this feature. Considering that this is likely to be an optional feature which may not be supported by all Rel-16 UE, the specification impact of this option seems high compared to the potential gain.
· Apply SFBC to current EREG/ECCE mapping. This is backward compatible from a EREG/ECCE processing point of view and allows legacy UE to be multiplexed in the same region. However, SFBC may not work well with the current mapping as REs belonging to the same group are far apart in frequency and time. Thus, performance might degrade substantially in some cases. In this case, a careful analysis is needed to see the performance gain from this approach in various scenarios.
· Define new MPDCCH based on NPDCCH or PDSCH. This ensures the full benefit from SFBC transmit diversity scheme but would require substantial changes to the MPDCCH, effectively introducing a new control channel. Although this is the cleanest and potentially the best performing solution, we do not want to introduce a new control channel in Rel-16.
Note that if SFBC is introduced for the MPDCCH, the DMRS may be omitted or it can optionally be transmitted to assist with channel estimation. That is, the DMRS can be used as additional reference signal for channel estimation. In this case, the DMRS is not precoded or beamformed. Antenna port mapping between DMRS and CRS is signaled to the UE or predefined so UE can combine the DMRS antenna port with the CRS antenna port for channel estimation. Furthermore, the eNB can configure the antenna port mapping such that DMRS transmission from neighbouring cells are non-colliding. Note that DMRS is only configured when there is data transmission, but the antenna port mapping can be cell-specific and e.g. dependent on PCI.
Based on the above discussion, our preference is then to either (1) configure the UE via RRC signaling to use CRS in addition to DMRS as this requires no change in the specification to the MPDCCH or (2) apply SFBC using current EREG/ECCE mapping pending further performance study. 
Proposal 1: The following methods can be considered for improving MPDCCH performance – (1) UE can be configured to use CRS in addition to DMRS, or (2) apply SFBC to current MPDCCH EREG/ECCE mapping.

As previously discussed, for the first method 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. For the second method, the approach looks straightforward, but we must consider several potential issues like extra REs, mapping across PRBs, etc.
Currently, MPDCCH performance improvement is at least for UE in RRC connected mode. Considering that this is likely to be an optional feature which may not be supported by all Rel-16 UE, it is proposed that UE in RRC connected mode is configured via RRC signaling for this feature.
Proposal 2: UE in RRC connected mode is configured via RRC signalling for this feature.

For UE in idle mode, UE capability must be known before the eNB can use this feature. This would mean that the eNB must be aware of this UE capability during paging, and UE must indicate this capability during random access. However, since paging and random access response transmissions are to a group of UEs, the eNB might have to transmit two different MPDCCHs (one to UEs supporting and one to UEs not supporting this feature). Therefore, it doesn’t seem beneficial to support this feature for UEs in idle mode.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS at least for connected mode and make the proposals –

Proposal 1: The following methods can be considered for improving MPDCCH performance – (1) UE can be configured to use CRS in addition to DMRS, or (2) apply SFBC to current MPDCCH EREG/ECCE mapping.

Proposal 2: UE in RRC connected mode is configured via RRC signalling for this feature.
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