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1 Introduction

During the RAN #75 meeting, a new work item (WI) on even further enhanced MTC (efeMTC) has been set as a working agreement. This WI has the aim to further enhance Rel-13 eMTC and Rel-14 feMTC. One of the objectives of this WI is as follows [1]:
Increased PDSCH spectral efficiency 
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
As mentioned above, the aim is to support a higher order modulation for unicast PDSCH with the only intent to increase spectral efficiency, and no objective to increase peak rate. 

In Rel-13 eMTC and Rel-14 feMTC, the modulation orders supported for PDSCH are 2 (QPSK), and 4 (16-QAM). In particular, QPSK and 16-QAM are used for PDSCH in coverage enhanced (CE) mode A. For both CE mode B and the case when PDSCH is used to transmit broadcasting information, such as system information (SI), RAR, and paging, QPSK is solely used. In order to increase spectral efficiency, this WI proposes to support 64-QAM for unicast PDSCH in Rel-15 efeMTC.   

In this contribution, we provide our views on this matter and we discuss the design to support 64-QAM. In particular, throughout this contribution we first discuss the applicable cases and configurations for the support of 64-QAM for unicast PDSCH, and then include some details regarding the design of MCS, TBS and CQI table, for the support of 64-QAM for unicast PDSCH.
2 Design to support the increase of PDSCH spectral efficiency 
To begin with, we first share our views regarding the applicable cases and configuration methods for the support of 64-QAM modulation. 
For UEs requiring enhanced coverage, use of high order modulation would result in performance degradation compared to lower order modulation, as similar coding gain can be achieved via repetitions while lower order modulation has better detection performance. Thus, it is preferred to support 64-QAM only in good coverage. Specifically, 64-QAM is supported only when no repetition is used for PDSCH transmission. For coverage enhancement, only the lower order modulations (i.e., QPSK and 16-QAM, and preferably only QPSK) are used. 

Proposal 1

· 64-QAM is only supported for unicast PDSCH without repetition.
In addition, support 64-QAM for unicast PDSCH in efeMTC is expected to be an optional feature with capability signaling. Thus, eNB may not configure the support of 64-QAM for unicast PDSCH for a UE via higher layer signaling, until it receives the capability information of the UE indicating the support of this feature. 
Proposal 2

· UE signals its capability on the support of 64-QAM for unicast PDSCH in efeMTC.
· eNB configures the support of 64-QAM for unicast PDSCH via higher layer signaling, depending on the UE capability.
Since 64-QAM is not supported in Rel-13 eMTC and Rel-14 feMTC, in the remainder of this section, we discuss the potential changes needed for the support of 64-QAM in Rel-15 efeMTC, including the designs of MCS, TBS and CQI table. 

For MCS, the existing MCS table in (f)eMTC only includes modulations of QPSK and 16-QAM. To include 64 QAM, the existing MCS table can be kept the same size by replacing certain rows for 64-QAM when 64-QAM is supported, or additional rows can be added for 64-QAM. For the latter case where MCS table size is extended, 1 additional bit to existing 4 bits in (f)eMTC are needed for MCS indication. In this case, RAN1 should strive to support the longer MCS field without an increase in the DCI size.
Proposal 3

· Consider the following methods to extend MCS table for support of 64-QAM for unicast PDSCH:
·  Replacing certain rows to include 64-QAM and keep the size of MCS table the same as in (f)eMTC.
· Add additional rows for 64-QAM and extend the size of MCS table compared to (f)eMTC.
For max TBS, as noted in the WID, there is no intention to increase UE peak data rate. Thus, the max TBS is the same as the supported max TBS in Rel-13 eMTC and Rel-14 feMTC, so as to not impact UE soft buffer requirements. Specifically, the max TBS for UEs configured with max PDSCH channel BW of 1.4 MHz is 1000 bits, and for UEs configured with PDSCH channel BW of 5 MHz is 4008 bits. 

Proposal 4

· The maximum DL TBS values are maintained the same as in Rel-14 feMTC.
Another aspect to be considered for the support of 64-QAM is the CQI table. The existing CQI table in (f)eMTC can be extended by including 64-QAM and its corresponding code rate and efficiency using the reserved rows in (f)eMTC CQI table. Alternatively, the CQI table in legacy LTE can be reused. 

Proposal 5
· Consider the following methods to update the CQI table for support of 64-QAM for unicast PDSCH:
· Include 64-QAM and its corresponding code rate and efficiency using reserved rows in CQI table in (f)eMTC.
· Reuse legacy LTE CQI table. 
3 Conclusions

In this contribution, we provided our views on regarding the support of 64-QAM for unicast PDSCH for Rel-15 efeMTC. Based on the discussions enclosed in this document, we summarize our views through the following proposals:
Proposal 1

· 64-QAM is only supported for unicast PDSCH without repetition.
Proposal 2

· UE signals its capability on the support of 64-QAM for unicast PDSCH in efeMTC.
· eNB configures the support of 64-QAM for unicast PDSCH via higher layer signaling, depending on the UE capability.
Proposal 3

· Consider the following methods to extend MCS table for support of 64-QAM for unicast PDSCH:
·  Replacing certain rows to include 64-QAM and keep the size of MCS table the same as in (f)eMTC.
· Add additional rows for 64-QAM and extend the size of MCS table compared to (f)eMTC.
Proposal 4

· The maximum DL TBS values are maintained the same as in Rel-14 feMTC.
Proposal 5

· Consider the following methods to update the CQI table for support of 64-QAM for unicast PDSCH:
· Include 64-QAM and its corresponding code rate and efficiency using reserved rows in CQI table in (f)eMTC.
· Reuse legacy LTE CQI table. 
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