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1	Introduction
In RAN1#96 meeting, the following agreements were achieved. 

[bookmark: _Hlk516692042]Agreement
· Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:
· The number of CSI-RS ports
· CSI feedback mechanism
· Resource assignment issue due to REs used for CSI-RS
[bookmark: _Ref178064866]
In this contribution, we will continue to discuss the support of CSI-RS based CSI feedback for the non-BL UEs in CE mode A. 
2. Discuss
Currently in LTE-MTC, 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 RS. For CSI feedback, CRS is used also for channel measurement in TM9. The potential issue for CSI feedback based on CRS in TM9 is the possible mis-alignment between antenna ports for CSI measurement and antenna ports for PDSCH transmission since the number of antenna ports for PDSCH transmission in TM9 may not be same as the number of CRS ports. Due to the mis-alignment the reported CQI may underestimate the actual channel quality thus degrading the PDSCH performance. It is noted also that for the non-BL UE in normal coverage mode, CSI-RS can be configured for channel measurement in TM9.

In last RAN1 meeting, it was agreed that CSI-RS can be configured for CSI feedback for the non-BL UE in coverage enhancement mode. It shall be clarified that the CSI-RS based CSI feedback is supported only in TM9 for DM-RS based PDSCH transmission same as in normal coverage mode.
Proposal 1: The CSI-RS based CSI feedback is only supported in TM9. 
For the supported number of the CSI-RS ports, there would be different options as discussed below. 
· Option 1: only 8 CSI-RS ports
· Option 2: 1, 2, 4 and 8 CSI-RS ports
· Option 3: 1, 2, 4 and 8 CSI-RS ports for UE not configured with eMIMO-Type, and up to 32 ports for UE configured with eMIMO-Type

It is noted that option 3 is compatible with the current specification for UE operating in normal coverage mode. However, there is no discussion on whether FD-MIMO is supported for the non-BL UE operating in CE mode A. Although FD-MIMO with a large number of antenna ports can be used for coverage enhancement, it will introduce significantly huge CSI-RS overhead in DL and also require more specification efforts for UCI feedback enhancement in coverage enhancement mode. Since repetition is used for coverage enhancement for LTE-MTC, the additional benefit to support FD-MIMO in CE mode A is not clear. Considering this, option 3 shall not be considered.

The difference between option 1 and 2 is whether to support 1, 2 or 4 CSI-RS ports for CSI feedback. As discussed above the motivation for supporting CSI-RS based CSI feedback is to solve the antenna port mis-alignment between CSI measurement and PDSCH transmission. In case of PDSCH transmission with 1, 2 or 4 ports, the existing CRS based CSI feedback shall work well for UE operating in CE mode A, and further optimization is not needed. Therefore, we prefer to support only 8 CSI-RS ports when CSI-RS is configured for CSI feedback for the non-BL UE operating in CE mode A.  
Proposal 2: The supported number of CSI-RS ports is only 8 for the non-BL UE operating in CE mode A. 
[bookmark: _GoBack]Table 1 below shows the supported CSI reporting mode for the BL/CE UE configured in TM9. According to Table 1, PMI feedback is only supported for the subband CSI reporting, i.e. mode 1-1 for periodic CSI reporting, for which UE shall report a wideband CQI and a wideband PMI. For CSI-RS based CSI feedback, since the number of CSI-RS ports is 8, the PMI consists of two components, i.e. a first PMI index  and a second PMI  with a total payload size of 8. The total payload for the wideband CQI and PMI reporting would be 12 bits, which is larger than the maximum payload supported by PUCCH format 2. Codebook subsampling is thus required for periodic CSI reporting. Alternatively, we can consider supporting the PMI feedback for aperiodic CSI reporting, e.g. supporting either mode 1-1 for wideband PMI reporting and mode 2-2 for single subband PMI reporting. 
Table 1: CSI reporting mode for the BL/CE UE in TM9
	
	Wideband CSI reporting
	Subband CSI reporting

	Periodic CSI
	Mode 1-0
	Mode 1-1

	Aperiodic CSI
	Mode 2-0
	N.A



Proposal 3: PMI feedback is supported for CSI-RS based aperiodic CSI reporting for the non-BL UE in CE mode A. Either mode 1-1 wideband PMI reporting or mode 2-2 subband PMI reporting can be configured. 
For CRS based CSI feedback, CSI measurement is performed for the the narrowbands used for MPDCCH monitoring, and the CSI reference resource, which is used to derive the CQI value, consists of all the NBs used for MPDCCH monitoring and may span over a set of subframes. The same principle can be adopted for CSI-RS based CSI feedback, i.e. that UE measures and reports the CSI based on CSI-RS on the narrowbands used for MPDCCH monitoring. However, the maximum PDSCH transmission bandwidth for the non-BL UE operating in CE mode A can be configured up to 20MHz. It shall be discussed whether the narrowbands other than those used for MPDCCH monitoring can be configured also for CSI reporting. Even it is supported, it shall be possible that only a subset of narrowbands of the system is configured for CSI reporting while the other narrowbands may not be configured for DL transmission for the non-BL UE, e.g., for the coexistence with NR. 
Proposal 4: For CSI-RS based CSI feedback, the narrowband(s) used for MPDCCH monitoring is supported for CSI reporting at least for the non-BL UE configured with a maximum 1.4MHz PDSCH transmission bandwidth. FFS on supporting other narrowbands for CSI reporting considering the coexistence with NR. 
In current specification, aperiodic CSI-RS can also be configured for CSI measure and reporting. Different from periodic CSI-RS, the presence of aperiodic CSI-RS is triggered by the DCI for UL grant and if triggered it is transmitted only once on the same subframe as the triggering DCI. The usage of aperiodic CSI-RS is mainly to reduce the CSI-RS overhead when CSI reporting is based on UE specific beamformed CSI-RS. For the non-BL UE operating in CE mode A, the performance benefits for supporting FD-MIMO with UE specific beamforming are not clear. Also, the channel estimation performance of aperiodic CSI-RS will be degraded by the single shot transmission considering the received SINR may be very low for UE operating in coverage enhancement mode. 
Proposal 5: Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A. 
According to the current specification, neither NZP-CSI-RS nor ZP-CSI-RS can be configured for LTE-MTC UE. Therefore, when CSI-RS is used for CSI feedback for the non-BL UE, the impact on the legacy LTE-MTC UE shall be considered. One solution is to puncture PDSCH around the REs used for the CSI-RS. This may have been used in the existing network when CSI-RS is configured for CSI reporting for UE operating in normal coverage mode but may be transparent to the LTE-MTC UE. For Rel-16, the support of CSI-RS based CSI feedback may be dependent on UE capability signalling. Therefore, not all the non-BL UE operating in CE mode A are configured with CSI-RS for CSI reporting. It is preferred that the method for improving the PDSCH RE mapping of the LTE-MTC UE not configured with CSI-RS can be considered. Same as in normal coverage mode, the ZP CSI-RS can be configured for improving PDSCH RE mapping when CSI-RS based CSI feedback is supported in a serving cell.
Proposal 6: Zero-power CSI-RS can be configured for PDSCH RE mapping for Rel-16 LTE-MTC UE. 
3	Summary
In this contribution, we discuss the aspects of supporting CSI-RS based CSI feedback for the non-BL UE operating in CE mode A. We made the following proposals:
Proposal 1: The CSI-RS based CSI feedback is only supported in TM9. 
Proposal 2: The supported number of CSI-RS ports is only 8 for the non-BL UE operating in CE mode A. 
Proposal 3: PMI feedback is supported for CSI-RS based aperiodic CSI reporting for the non-BL UE in CE mode A. Either mode 1-1 wideband PMI reporting or mode 2-2 subband PMI reporting can be configured. 
Proposal 4: For CSI-RS based CSI feedback, the narrowband(s) used for MPDCCH monitoring is supported for CSI reporting at least for the non-BL UE configured with a maximum 1.4MHz PDSCH transmission bandwidth. FFS on supporting other narrowbands for CSI reporting considering the coexistence with NR. 
Proposal 5: Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A. 
Proposal 6: Zero-power CSI-RS can be configured for PDSCH RE mapping for Rel-16 LTE-MTC UE. 
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