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Discussion and Decision
1 Introduction

One of the objectives for Rel-16 additional MTC enhancements is to specify CE mode A and B improvements for non-BL UEs. In RAN1 #96bis, the following agreements were made in relation to this topic [1]:

Agreement

CSI-RS based CSI feedback is only supported in TM9
Agreement

The supported number of CSI-RS ports is only 8
Conclusion

No further discussion on the modification on the design or configuration for support of CSI-RS for non-BL CE UEs in CE mode A in Rel-16. The baseline is Rel-15 CSI-RS.

Agreement

For CSI feedback of non-BL CE UE, RI is fixed to 1 if it is included as part of reporting on PUCCH or PUSCH
Agreement 

MPDCCH and PDSCH are punctured around the REs used for the CSI-RS transmission.

In this contribution, we further discuss CE mode A improvements for non-BL UEs and make some proposals.
2 Discussion
RAN1 has discussed the support for dual-layer DL reception for non-BL UEs in coverage enhancement. Based on the results of the studies reported by different companies, RAN1 concluded that there is no consensus for supporting this feature in Rel-16. This means that only single-layer reception will be supported for non-BL UEs in coverage enhancement. It was therefore agreed that if the RI is reported, it is fixed to 1. There is no need, however, for the UE to report RI with CSI-RS based CSI feedback. 
Proposal 1: For CSI-RS based CSI feedback by non-BL UEs in CE Mode A, RI is not reported.
It was agreed in RAN1 #96bis that CSI-RS based CSI feedback is supported only for TM9. For CSI reporting modes, it is useful to consider only the modes that support feedback of PMI. Both aperiodic CSI reporting on PUSCH and periodic CSI reporting on PUCCH can be considered. It can be noted that for BL/CE UEs in CE Mode A, the supported modes are as follows:
Aperiodic CSI reporting: Mode 2-0

Periodic CSI reporting: Modes 1-1, 1-0.

Of these modes, only mode 1-1 supports PMI feedback.
Considering aperiodic CSI reporting for non-BL UEs in CE Mode A, Mode 1-1 can be supported, in which wideband CQI is reported along with wideband PMI, consisting of two indicators [image: image1.wmf]1
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 for 8 CSI-RS ports. Mode 1-1 can also be supported in the case of periodic reporting. This mode includes two submodes: submode 1 and submode 2. In submode 1, the two PMIs are reported in separate subframes. In the subframe containing the first report, the RI is jointly encoded with the wideband first PMI, which is subsampled. If the RI is not reported in this case, subsampling the first PMI is not necessary. In the subframe containing the second report, the wideband CQI and the wideband second PMI are reported, where the second PMI is not subsampled. Thus, submode 1 can be supported without codebook subsampling. In the case of submode 2, even for RI=1, both the first and second PMI are subsampled to limit the total number of bits to 4 for 8 CSI-RS ports. 
Proposal 2: For CSI-RS based feedback by non-BL UEs in CE Mode A, aperiodic and periodic CSI reporting are supported using Mode 1-1.

Proposal 3: Consider supporting both submode 1 and submode 2 of PUCCH Mode 1-1 for reporting where submode 1 is supported without codebook subsampling.
3 Conclusions

In this contribution, CE mode A improvements for non-BL UEs are discussed. The following observation and proposals are made.
Proposal 1: For CSI-RS based CSI feedback by non-BL UEs in CE Mode A, RI is not reported.

Proposal 2: For CSI-RS based feedback by non-BL UEs in CE Mode A, aperiodic and periodic CSI reporting are supported using Mode 1-1.

Proposal 3: Consider supporting both submode 1 and submode 2 of PUCCH Mode 1-1 for reporting where submode 1 is supported without codebook subsampling.
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