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1. Introduction

In RAN# 80 meeting, the new WI [1] related to extreme coverage for non-BL UEs is approved. One of the objective is   to specify CE mode A and B improvements for non-BL UEs, from among the following list: 

· 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 the issues related to CE mode A and B improvements for non-BL UE in physical layer.
2. Discussion

In R15 eMTC, 1 Rx antenna and single layer reception are configured for BL/CE UE. CQI feedback and PMI feedback are supported in CE mode A and CSI is not expected to be configured in CE mode B. And CSI is reported based on CRS instead of CSI-RS in TM9. 

For these existing specifications, the following improvements are considered for CE mode A and B for non-BL UE.

· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS
2.1 CE mode A

1) UE demodulation performance requirements for 2 RX antennas and full duplex FDD
Compared with 1 Rx antenna, 2 Rx antennas can improve the signal-to-noise ratio and diversity gain of receive signals for PDSCH demodulation with one layer and MPDCCH demodulation. Also , two Rx antennas can support dual layer DL reception for PDSCH. Note 2 Rx antennas with 2 layers will operate different CQI, PMI and RI reporting from 1 Rx antenna with 1 layer. 

2 Rx antennas and full duplex FDD can be applied for both CE mode A and B. However, the utilization of 2 Rx antennas and full duplex FDD has no impact to RAN1 specifications. The relevant performance requirements, e.g. MPDCCH demodulation, PDSCH demodulation and CSI reporting, should be evaluated in RAN4.

Proposal 1: 2 Rx antennas and full duplex FDD can be applied for both CE mode A and B. The relevant performance requirements should be evaluated in RAN4.

2) Dual layer DL reception
For BL/CE UE, only single layer is supported in both CE mode A and B. In CE mode A improvements, dual layer DL reception will be available for non-BL UE. Due to the introduction of DL dual layer, the three following aspects should be considered:

· Codeword-to-layer mapping

· Transmission mode

· CSI reporting

Codeword-to-layer mapping

In LTE, two codewords are enabled when dual layers transmission is configured, i.e. one codeword for each layer. Correspondingly, eNB configures the DCI formats where two groups of MCS, NDI and RV are respectively used for the two codewords. Whereas, in NR specifications, SU-MIMO with less than 5 layers all apply single codeword transmission. In eMTC with CE mode A, the existing DCI format for DL, i.e. DCI format 6-1A, supports single codeword transmission. Thus, if RAN1 adopts mapping of two codewords to two layers like in LTE, new DCI format for dual codewords needs to be defined for CE mode A improvement. The DCI size will be bigger than DCI format 6-1A and this will degrade MPDCCH demodulation performance. In addition, the UE needs to report two CQI and ACK/NACK for both codewords , which will increase signaling overhead significantly. Hence, single codeword with dual layers shall be more suitable for CE mode A for non-BL UE. Note, the TB size for one-codeword to two-layer needs to be specified. 
Transmission mode

In Rel-15, the transmission modes of eMTC include TM1, TM2 and TM6 with CRS based demodulation and TM9 with DMRS based demodulation. It can be observed that both CRS based TM and DMRS based TM are configured for one layer. So dual layer transmission could also include both CRS based TM and DMRS based TM. Based on the existing eMTC transmission modes, considering codeword-to-layer mapping, one-codeword to two-layer can be performed in both CRS based TM (TM6) and DMRS based TM (TM9). But two-codeword to two-layer mapping can only be used in DMRS based TM. Thus, if layer mapping is two-codeword to two-layer, there will be an additional issue how to introduce CRS based TM with two codewords, e.g. for TM3 or TM4. If  one-codeword to two-layer mapping is used, the existing transmission modes are adequate for dual layer DL reception.

CSI reporting

For the aspect of CSI reporting, CE mode A supports CQI and PMI feeedback in Rel-15. No RI is required because BL/CE UE only equipped with 1 Rx antenna and 1 layer. However, in CE mode A improvements for non-BL UE, due to the introduction of dual layer DL reception, RI feedback should be defined to report channel rank.

Moreover, for dual layer reception, the overhead of CQI feedback is related to the number of codeword. For one codeword , the current CQI reporting method can be reused. If two codewords are enabled, two CQIs will be estimated and reported by UE. Additionally, codebook set for PMI reporting shall be updated to support 2 layer precoder.

Proposal 2: Layer mapping, transmission mode and CSI reporting should be considered for dual layer DL reception.

3) Feedback based on CSI-RS
In R15 CE mode A, CSI measurement is performed based on CRS instead of CSI-RS in TM9 for BL/CE UE. For CE mode A improvements, CSI feedback based on CSI-RS is introduced for non-BL UE. As UE-specific reference signal, CSI-RS can be transmitted over the bandwidth of 1.4MHz, 5MHz and 20MHz in frequency domain. The bandwidth of CSI-RS is dependent on eNB assignment. In time domain, CSI-RS subframe configuration containing CSI-RS period and subframe offset need to be specified.
Furthermore, maximum number of CSI-RS ports should be determined. Since number of CSI-RS ports corresponds to the number of Tx antennas, up to 8 CSI-RS ports is feasible for CE mode A improvements. 

Feedback based on CSI-RS should comprise periodic CSI over PUCCH for normal coverage and aperiodic CSI over PUSCH for large coverage. For periodic CSI feedback, the feedback period is consist with CSI-RS period, and for aperiodic CSI feedback, CSI measurement is triggered on CSI-RS subframe.

Proposal 3: Bandwidth of CSI-RS, number of CSI-RS ports and feedback mode should be considered for feedback based on CSI-RS.

2.2 CE mode B

CE mode B is used for large coverage scenarios with extremely low SNR. Usually, high repetition number and frequency hopping are requested in these scenarios. Then, frequency hopping cause that the reported CSI cannot match the current transmission narrow band. And extremely low SNR leads to inaccurate channel estimation. So BL/CE UE configured with CE Mode B is not expected to be configured with CSI reporting. Also, these issues still exist for non-BL UE with CE mode B. Additionally, CSI measurement based on CSI-RS cannot effectively suppress the noise because of very low density of CSI-RS. It is difficult to estimate accurate channel status under extremely low SNR. Hence, feedback based on CSI-RS is not necessary in CE mode B for non-BL UE.

In aspect of layer number, due to harsh channel condition, low modulation order and single layer transmission are used to acquire data demodulation accuracy. Although non-BL UE has the capability of 2 Rx antennas and dual layer reception, multi-layer multiplexing is not appropriate for CE mode B. 

Proposal 4: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.

3. Conclusion

In this contribution, we discuss the impact of CE mode A and B improvements for non-BL UE in physical layer. The relevant proposals are given below:

Proposal 1: 2 Rx antennas and full duplex FDD can be applied for both CE mode A and B. The relevant performance requirements should be evaluated in RAN4.
Proposal 2: Layer mapping, transmission mode and CSI reporting should be considered for dual layer DL reception.

Proposal 3: Bandwidth of CSI-RS, number of CSI-RS ports and feedback mode should be considered for feedback based on CSI-RS.

Proposal 4: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.
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