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1 Introduction
In RAN#75, a new WID on even further enhanced MTC for LTE was agreed [1]. One of the aims in the WID is increased PDSCH spectral efficiency by supporting 64QAM.
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]

· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).

In this contribution, we will discuss the related issues to optionally support 64QAM for unicast PDSCH.

2 Discussion
For unicast PDSCH in Rel-14, when the UE is configured with CE mode B, or the UE is configured with CE mode A and higher layer parameter ce-pdsch-puschEnhancement-config with value ‘On’ and the number of PDSCH repetition is larger than 1, QPSK is used. The parameter ce-pdsch-puschEnhancement-config is also used to activate new numbers of repetitions for PUSCH. The activation of new numbers of repetitions for PUSCH can be decoupled from the PDSCH modulation restriction for eFeMTC. The Rel-14 PDSCH modulation restriction principle can be adopted for eFeMTC with removing the ce-pdsch-puschEnhancement-config with value ‘On’ constraint. That is, 64 QAM is only supported when PDSCH repetition number equals to 1 in CE mode A.
Proposal 1: 64 QAM is only supported for unicast PDSCH without repetition in CE mode A.
In the WID, the requirement of 64 QAM support for unicast PDSCH is optional. UE should indicate its 64 QAM capability to the network so that the network could decide whether to configure 64 QAM to the UE accordingly.

Proposal 2: Introduce UE capability signaling for the support of 64 QAM for unicast PDSCH.

The modulation order is indicated dynamically by DCI to fast adapt to the channel condition change. In order to support 64 QAM for PDSCH in CE mode A, the 4 bits MCS field should be reinterpreted or enlarged. To increase PDSCH spectral efficiency by supporting 64 QAM, TBS for the DL packet to be transmitted in the same resource size should be increased. However, as UE peak rate is not intended to be increased, the TBS should not be larger than the largest Rel-14 DL TBS, i.e. 1000 bits for maximum 1.4 MHz PDSCH, 4008 bits for maximum 5 MHz PDSCH, the minimum of 27376 bits and the maximum TBS supported by the UE category for maximum 20 MHz PDSCH. This also suggests, as a way to limit the complexity increase from 64 QAM support, that the total number of soft channel bits should not be increased compared to not supporting 64 QAM. Note there could still be complexity increase resulting from stricter EVM requirements for transmitting 64 QAM.
To be backward compatible for the support of Rel-14 TBS and modulation order, the MCS field could be increased to 5 bits to support 64 QAM. Then the UE shall use the indicated MCS and Table 7.1.7.1-1 in TS 36.213 to determine the modulation order and the TBS index (
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). TBS is determined similarly to the Rel-14 procedure (using TBS table in 7.1.7.2.1 or 7.1.7.2.8 in TS 36.213) with 
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, and the TBS is limited to the largest value in the corresponding Rel-14 DL TBS table.
Proposal 3: Increase the MCS field in DCI format 6-1A to 5 bits to support 64 QAM. The modulation order and TBS are determined using legacy tables with the TBS not larger than the largest Rel-14 DL TBS.
Proposal 4: Nsoft for a BL/CE UE supporting 64 QAM is the same as for an equivalent UE not supporting 64 QAM.
For UEs which do not have the capability of supporting 64 QAM, a 4 bits MCS field should be used to minimize the DCI size, which is compatible with Rel-14 design. For UEs with the capability of supporting 64 QAM, before the capability indication is acquired by the eNB, they should also detect DCI with 4 bits MCS field. To save the DCI bits, eNB can disable the 64 QAM configuration by RRC signaling semi-statically and transmit DCI with 4 bits MCS field for 64 QAM capable UEs, when it is found the channel condition or the packet size is static and 64 QAM is not suitable.
Proposal 5: The configuration of 64 QAM can be enabled and disabled by eNB through RRC signaling.
3 Conclusion
This contribution discusses supporting 64QAM for unicast PDSCH, and the proposals include:
Proposal 1: 64 QAM is only supported for unicast PDSCH without repetition in CE mode A.

Proposal 2: Introduce UE capability signaling for the support of 64 QAM for unicast PDSCH.

Proposal 3: Increase the MCS field in DCI format 6-1A to 5 bits to support 64 QAM. The modulation order and TBS are determined using legacy tables with the TBS not larger than the largest Rel-14 DL TBS.

Proposal 4: Nsoft for a BL/CE UE supporting 64 QAM is the same as for an equivalent UE not supporting 64 QAM.
Proposal 5: The configuration of 64 QAM can be enabled and disabled by eNB through RRC signaling.
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