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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 RAN1 #97, the following agreements were also made [2]:

Agreement

Table 7.2.4-1 of TS 36.213 is reused for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A.

Conclusion

Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A in Rel-16

Agreement

Regarding the RAN2 LS in R1-1905934, send the following in reply LS to RAN2 

· It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using Type 0 CSS in the same narrowband where unicast transmission can be received

· It is feasible for a non-BL UE in CE in connected mode to monitor USS and Type 0 CSS simultaneously in the same narrowband 

· Type 0 CSS is also supported in CE mode B

· FFS: Details of DCI format 

LS is endorsed in R1-1907637 (Changhwan, LGE)

Agreement

Type 0 CSS is supported in CE mode B

· FFS: Details of DCI format 

Agreement

Periodic CSI report mode 1-1 is supported for non-BL UE in CE mode A

· FFS: Details

In this contribution, we further discuss CE mode A improvements for non-BL UEs and make some proposals.
2 Discussion
2.1 On reporting RI

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.
2.2 DCI format for ETW/CMAS indication
On the issue of search space for ETWS/CMAS indication, it was noted in the LS response to RAN2 that it is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using Type 0 CSS in the same narrowband where unicast transmission can be received. It was further noted that it is feasible for a non-BL UE in CE in connected mode to monitor USS and Type 0 CSS simultaneously in the same narrowband. Since legacy support for Type 0 CSS was only for CE mode A, to enable ETWS/CMAS indication in CE mode B, it was agreed that Type 0 CSS is supported in CE mode B.
Other companies have noted that DCI format 3/3A supported for Type 0 CSS, supported for transmitting TPC commands, can be used for ETWS/CMAS indication with the benefit of not increasing decoding complexity. DCI format 3 includes N 2-bit TPC command fields, each of which is intended for a different UE. On the other hand, DCI format 3A includes M 1-bit TPC command fields for different UEs. N and M depend on the payload size that can be carried by the DCI. For both DCI formats, the higher layer parameter TPC-index provides a UE the index to the correct TPC command. With DCI format 3, one of the TPC command fields (e.g., the first one) can be repurposed to carry ETWS/CMAS indication (1 bit for ETWS and 1 bit for CMAS). Therefore, the information carried by the DCI can be as follows:

ETWS/CMAS indication, TPC command number 1, TPC command number 2, …, TPC command number N-1

Higher layer configuration can indicate whether the ETWS/CMAS indication is supported with the first 2-bit field of DCI format 3. Such support is unlikely to change in a cell. Therefore, when ETWS/CMAS indication is supported, indices for only N-1 TPC commands (from the 2nd field to the Nth field) are configured for different UEs. Furthermore, the first field is understood to provide ETWS/CMAS indication and is read by all UEs. Otherwise, indices to all N TPC command fields are assigned to UEs.
Proposal 2: ETWS/CMAS indication in Type 0 CSS is supported with DCI format 3 using one of the N 2-bit fields for this purpose while the remaining N-1 fields are used for TPC commands.

Proposal 3: The use of one 2-bit field in DCI format 3 for ETWS/CMAS indication is signaled through higher layer configuration.
CSI reporting modes Proposal 2: ETWS/CMAS indication in Type 0 CSS is supported with DCI format 3 using one of the N 2-bit fields for this purpose while the remaining N-1 fields are used for TPC commands.

Proposal 3: The use of one 2-bit field in DCI format 3 for ETWS/CMAS indication is signaled through higher layer configuration.

It was agreed in RAN1 #97 that periodic CSI report mode 1-1 is supported for non-BL UEs in CE mode A. 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, as shown by the table below copied from TS 36.213.
Table 7.2.2-1E: Joint encoding of RI and [image: image1.wmf]1
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If the RI is not reported in this case, subsampling the first PMI is not necessary because the 5 bits used for joint indication of RI and the first PMI can be repurposed to indicate the first PMI alone, which requires only 4 bits for the size-16 single-layer codebook for 8 CSI ports. 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 (with separate RI reporting), one or both of the PMIs may be subsampled, depending on the RI, to limit the total number of bits to 4 for 8 CSI-RS ports, as shown by the table below copied from TS 36.213. 
Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling
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For RI=1, it can be seen that both the first PMI and second PMI are subsampled. Therefore, submode 2 can be supported only with codebook subsampling even in the current case.
Proposal 4: Consider supporting both submode 1 and submode 2 of PUCCH Mode 1-1 for reporting where submode 1 is supported without codebook subsampling through repurposing the reported bits to indicate only the first PMI.
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: ETWS/CMAS indication in Type 0 CSS is supported with DCI format 3 using one of the N 2-bit fields for this purpose while the remaining N-1 fields are used for TPC commands.

Proposal 3: The use of one 2-bit field in DCI format 3 for ETWS/CMAS indication is signaled through higher layer configuration.

Proposal 4: Consider supporting both submode 1 and submode 2 of PUCCH Mode 1-1 for reporting where submode 1 is supported without codebook subsampling through repurposing the reported bits to indicate only the first PMI.
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