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1	Introduction
In RAN#80 meeting, a new WID of Rel-16 MTC enhancements for LTE [1] was approved with the following objectives. 

Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk516687799][bookmark: _Hlk516765211]Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
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

Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.

Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]
· Specify relaxation of RRM measurements for serving cell for UEs using WUS for at least low mobility UEs [RAN4, RAN2]
[bookmark: _Hlk516692042]
Coexistence with NR
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
[bookmark: _Ref178064866]In this contribution, we will discuss the aspects of extreme coverage improvement for the non-BL UEs. 

2	Discussion
Enhancements to idle mode mobility

From Rel-13, eMTC can support idle mode inter-RAT cell reselection to EUTRA and GSM/GPRS. The objective for idle mode mobility enhancements is not clear. It would be good to have further clarification about the required enhancements to idle mode mobility for the non-BL UE. For example, allowing neighbouring cell measurement on the non-anchor carrier, or cell reselection to a NB-IoT cell.
Proposal 1: The objective of idle mode mobility enhancements to the non-BL UE needs to be clarified. 

Dual layer downlink reception

Single RX antenna is assumed in Rel-13 eMTC and the later releases. For the non-BL UE, it is likely that 2 RX antennas are used for improving the performance and thus possible to support dual layer transmission for achieving more throughput. In Rel-14 the non-BL UE supports rank 1 transmission with a peak rate of 27.376Mbps for 20MHz PDSCH. To further increase the downlink data rate, spatial multiplexing MIMO shall be used. However, it is noted that the received SNR of the non-BL UE is lower as compared to LTE. The coverage enhancement mode is used to increase the received SNR for the non-BL UE. At such low SNR, there is no throughput gain by using dual layer transmission of TM3 compared to TM2. 

Proposal 2: The support of dual layer downlink transmission shall be justified based on the performance evaluation of TM3 over TM2 for PDSCH with repetition. 

Feedback based on CSI-RS

Currently in eMTC, transmission mode 1, 6 and 9 can be configured for downlink transmission. TM1 and 6 use CRS for PDSCH data demodulation and TM9 is based on UE specific DMRS. For CSI feedback, CRS is used even for TM9. The potential issue for CSI feedback using CRS in TM9 is the mis-alignment between antenna ports for CSI measurement and antenna ports for PDSCH transmission since the number of CRS ports is only up to 4 but the number of antenna ports for PDSCH transmission in TM9 can be up to 8. Due to the mis-alignment the reported CQI may underestimate the actual channel quality thus degrading the PDSCH performance. Since CSI-RS is used for CSI feedback for TM9 in LTE, it seems straightforward to use also CSI-RS for the non-BL UE configured with TM9.

To support CSI feedback based on CSI-RS for the non-BL UE, the following things need to be considered. Firstly, the CSI feedback overhead will be increased. Currently, the BL/CE UE or the Rel-14 non-BL UE is required to report CQI and/or PMI where the PMI is either 2 or 4 bits dependent on the number of CRS antenna ports, and the CQI and PMI are jointly feedback in one report. When using CSI-RS for CSI feedback, the number of CSI-RS ports can be up to 8 and the PMI payload is also increased to maximum 8 bits, and the RI feedback may need to be supported also. Therefore, it is not possible to feedback all the CSI including RI, CQI and PMI within one CSI report. According to LTE, at least two reports are needed for PUCCH mode 1-1, one for RI/W1 and the other for W2/CQI. The multiple CSI reports will result in error propagation and increase the feedback latency. Considering repetition may also be used for CSI feedback, multiple CSI reports are not preferred.   

Observation 1: The CSI-RS based CSI feedback may increase the feedback overhead and report the CSI with multiple reports 

Secondly, when CSI-RS is used for CSI measurement, UE may need to measure the CSI-RS in multiple subframes derive the CQI. In Rel-13 eMTC, the number of repetition for CSI is higher layer configured with a value up to 32. Different from CRS, the CSI-RS is not transmitted in every downlink subframe. The minimum CSI-RS periodicity is 5ms, which means a measurement duration of 160ms for 32 subframe CSI repetitions. The long measurement duration not only increases UE power consumption but also increase the CSI feedback latency. 

Observation 2: The CSI-RS based CSI feedback will increase the measurement duration and feedback latency. 
Aperiodic CSI-RS can be used for solving the above issues. However, backward compatibility shall be considered when both legacy UE and the Rel-16 non-BL UE are receiving in the same subframe. It is noted also that the activation/de-activation of aperiodic CSI-RS in LTE is only supported in the UL scheduling grant. This implies that the eNB needs to firstly schedule an uplink PUSCH in order to get a CSI feedback for the associated DL PDSCH transmission. There is no reduction of CSI feedback latency by using the aperiodic CSI-RS. 
Proposal 3: The benefits for CSI-RS based CSI feedback needs further study 

ETWS/CMAS in connected mode

ETWS (earthquake and tsunami warning system) and CMAS (commercial mobile alert services) are two types of emergency messages. Different from other system information change, ETWS/CMAS notification can occur at any time. The paging is used to inform ETWS/CMAS capable UEs in RRC_IDLE about the presence of ETWS/CMAS notification.

In LTE, the ETWS/CMAS capable UEs in RRC_CONNECTED shall attempt to read paging at least once every DRX cycle to check whether ETWS/CMAS notification is present or not. If the paging message includes ETWS/CMAS notification, then UE is triggered to re-acquire SIB1 immediately for schedulingInfoList and based on it to acquire the SI message for ETWS/CMAS.

Currently in eMTC, UE is only required to monitor paging in idle mode since the UE is not required to simultaneously monitor Type1-CSS for paging and MPDCCH UE-specific search space.  

Since the non-BL UE supports a large downlink transmission bandwidth, it may be okay to simultaneously monitor Type1-CSS for paging and MPDCCH UE-specific search space for monitoring ETWS/CMAS in connected mode. However, it needs to be clarified whether the support of ETWS/CMAS in connected mode is also required for the BL/CE UE. According to [2], since in January of 2018, FCC mandated that the NA carriers must support device-based geo-targeting Wireless Emergency Alert by November 30, 2019. If the BL/CE UE is also supported, then it is not possible to require the UE to monitor Type1-CSS for paging in connected mode.
Proposal 4: It shall be clarified whether the support of ETWS/CMAS in connected mode is also required for the BL/CE UE. 

3	Summary
In this contribution, we discuss the aspects of extreme coverage improvement for the non-BL UEs. We have the following observations and proposals:
Observation 1: The CSI-RS based CSI feedback may increase the feedback overhead and report the CSI with multiple reports 
Observation 2: The CSI-RS based CSI feedback will increase the measurement duration and feedback latency. 
[bookmark: _In-sequence_SDU_delivery]Proposal 1: The objective of idle mode mobility enhancements to the non-BL UE needs to be clarified. 
Proposal 2: The support of dual layer downlink transmission shall be justified based on the performance evaluation of TM3 over TM2 for PDSCH with repetition. 
Proposal 3: The benefits for CSI-RS based CSI feedback needs further study 
Proposal 4: It shall be clarified whether the support of ETWS/CMAS in connected mode is also required for the BL/CE UE. 
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