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Discussion and Decision
1 Introduction

The new WID for Rel-16 MTC enhancements for LTE includes the following objective on enhancements for non-BL UEs [1]:
Extreme coverage for non-BL UEs:

· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]

· Enhancements to idle mode mobility

· UE demodulation performance requirements for 2 RX antennas and full duplex FDD

· Dual layer DL reception

· Feedback based on CSI-RS

· ETWS/CMAS in connected mode

In this contribution, we discuss CE mode A and mode B improvements for non-BL UEs and make some proposals.
2 Discussion
In Rel-13 eMTC, coverage enhancement (CE) was supported for BL/CE UEs through the specification of repetition of transmissions. Two coverage enhancement modes were defined:
CE mode A – corresponding to no repetition or a small number of repetitions

CE mode B – corresponding to a large number of repetitions

CE mode A is mandatorily supported for Cat-M1 UEs whereas CE mode B is optional. CE mode B corresponds to a more restrictive set of features than CE mode A, e.g., supporting fewer transmission modes and modulation levels. The repetitions supported in CE mode A mostly compensate for the performance loss incurred by the BL UE due to single-antenna operation and the channel bandwidth limitation to 1.4 MHz. In Rel-14, Cat-M2 BL UEs were introduced capable of supporting the single larger maximum UE channel bandwidth of 5 MHz for PDSCH and PUSCH in CE mode A and PDSCH in CE mode B. The maximum TBS was also increased. Rel-14 also enhanced support for non-BL UEs in CE to support a larger maximum UE channel bandwidth of 20 MHz for PDSCH in both CE Mode A and CE mode B, and 5 MHz for PDSCH in CE mode B. A much larger maximum TBS was also supported for non-BL UEs.
While some capabilities have been enhanced for non-BL UEs in CE, it is also desirable to enhance the support for other features for these UEs in CE.
Dual layer reception on DL
Both CE mode A and CE mode B support several transmission modes on the DL:
CE mode A – TM1, TM2, TM6, and TM9

CE mode B – TM1, TM2, TM9

Support is limited to the transmission of a single layer, however. Non-BL UEs with more than one antenna have the ability to receive at least two layers. Therefore, it is desirable to extend support for dual-layer transmission for at least CE mode A. This would mean including support for TM4 in CE mode A and also supporting dual-layer transmission in TM9. This enhancement may not benefit CE mode B, where UEs operate in poor SINR conditions and are less likely to observe a rank-2 channel, so the support can be limited to CE mode A.
Observation 1: To enable dual-layer transmission for non-BL UEs in CE mode A, TM4 should also be supported.
The affected fields in DCI Format 6-1A include:

· Antenna port(s) and scrambling identity – should support indication of ports for up to 2 layers
· TPMI information for precoding – should support indication of codebook indices for 2-layer transmission
Proposal 1: Define new DCI formats based on Format 6-1A to support dual-layer transmission for non-BL UEs in mode A.
For BL/CE UEs, CSI feedback is supported only for CE mode A. While the aperiodic CSI reporting mode Mode 2-0 is used for TM6 and TM9, the periodic reporting mode Mode 1-1 is used for TM6 and TM9 and Mode 1-0 is used for TM9. Of these, only Mode 1-1 includes PMI feedback (single PMI). Furthermore, no RI feedback is provided. No CSI feedback is supported for CE mode B. 
To support dual-layer transmission for non-BL UEs using either TM4 or TM9 for non-BL UEs in CE mode A, the CSI feedback reporting must be enhanced. First RI reporting based on CSI measurement must be configurable. The following reporting modes are supported on PUSCH for non-BL/CE UEs and subsets of these can also be considered for non-BL UEs in CE mode A.
Aperiodic CSI reporting:
TM4: Modes 1-2, 2-2, 3-1, 3-2, 1-1
TM9: Modes 1-2, 2-2, 3-1, 3-2, 1-1, 2-0, 3-0, 1-0 (depending on other configured parameters)

Periodic CSI reporting:

TM4: Modes 1-1, 2-1

TM6: Modes 1-1, 2-1
TM9: Modes 1-1, 2-1, 1-0, 2-0 (depending on other configured parameters)
Although CSI feedback for CE mode B is not supported for BL/CE UEs, its performance benefits for non-BL UEs can be studied.
Proposal 2: Support additional CSI reporting modes (FFS) for non-BL UEs in CE mode A. 
Proposal 3: Study performance benefits of CSI feedback for non-BL UEs in CE mode B.
Feedback based on CSI-RS

CSI measurement for feedback in all the supported reporting modes is based on CRS for BL UEs. With CRS-based feedback, a single codebook index is reported for each PMI value. For non-BL UEs, CSI measurement for TM9 based on CSI-RS can be considered. With this type of feedback, a pair of codebook indices is reported for each PMI value. Such reporting enables the use of a larger codebook, which can yield better performance than with CRS-based feedback. The performance gain comes at the expense of increased feedback overhead when PMI/RI feedback based on CSI-RS is configured.
In LTE both unprecoded CSI-RS and beamformed CSI-RS transmission are supported to take advantage of FD-MIMO capabilities at the eNB. The corresponding types of feedback, known as called class A and class B feedback, are associated with different amounts of CSI-RS feedback overhead. While the additional complexity associated with measurements and overhead may be acceptable in the case of non-BL UEs, the extent of performance gains with each type of CSI feedback in coverage enhancement must be studied.
Proposal 4: Study the performance gains with class A and class B CSI feedback based on CSI-RS for non-BL UEs in coverage enhancement.

3 Conclusions

In this contribution, CE mode A and mode B improvements for non-BL UEs are discussed. The following observation and proposals are made.
Observation 1: To enable dual-layer transmission for non-BL UEs in CE mode A, TM4 should also be supported.
Proposal 1: Define new DCI formats based on Format 6-1A to support dual-layer transmission for non-BL UEs in mode A.

Proposal 2: Support additional CSI reporting modes (FFS) for non-BL UEs in CE mode A. 

Proposal 3: Study performance benefits of CSI feedback for non-BL UEs in CE mode B.

Proposal 4: Study the performance gains with class A and class B CSI feedback based on CSI-RS for non-BL UEs in coverage enhancement.
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