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1
Introduction
In RAN #75, new WI “Even further enhanced eMTC for LTE” was approved [1], one of the objective is to increase PDSCH spectral efficiency. 
· 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 discuss further the details of supporting 64QAM for efeMTC UEs.
2
Supporting 64QAM modulation
For Rel.13 and Rel.14 eMTC UE, up to 16QAM modulation scheme is supported for PDSCH transmission. For supporting 64QAM for PDSCH transmission, it would increase the UE cost and UE implementation complexity. Thus, the supporting of 64QAM is UE implementation choice. 

Proposal 1: efeMTC UE reports the capability whether 64QAM is supported in DL.
Another aspect is whether 64QAM is supported for UE in CEMode B. In Rel.13 eMTC, it was agreed that only QPSK is supported by UE in CEMode B. If supporting 64QAM extend to UE in CEMode B, the PDSCH repetition numbers will increase rapidly, as the operating SINR for UE in CEMode B is lower and the required SINR for 64QAM demodulation is high. To achieve the enhanced coverage and 10% BLER target on PDSCH, more repetitions are required for 64QAM. The Rel.13 agreed maximum PDSCH repetition number cannot reach SINR target for 64QAM demodulation.
Proposal 2: 64QAM is not supported by UE in CEMode B.
One of standard impacts to support DL 64QAM is on eMTC CQI table, the reserved five entries on eMTC CQI table can be replaced with entries 10-14 of 64 QAM 4-bit CQI table, which is showing in table below.
Updated 4-bit CQI Table 7.2.3-3 from TS36.213
	CQI index
	modulation
	code rate x 1024 x 
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	efficiency x 
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	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152


Proposal 3: replace reserved entries in eMTC CQI table with entries 10-14 of 64QAM 4-bit CQI table.
When eMTC MCS/TBS table is designed, considering the highest modulation order is 16QAM, entries with 64QAM are removed and 4-bit MCS field is defined in DCI format 6-1A. To support 64QAM modulation order, the removed entries for eMTC need to be supported again in MCS/TBS table, and the MCS field in DCI format 6-1A need to extend to 5-bit.
Proposal 4: MCS field in DCI format 6-1A extends to 5-bit.
As described in WID, the intention of supporting 64QAM modulation scheme is to improve the PDSCH spectral efficiency, not to improve the DL peak data rate. Thus the agreed maximum TBS for different channel bandwidth can be re-used.
3
Transmission on Reserved Control Region
Currently, the starting OFDM symbol con be configured to {1,2,3} for LTE system bandwidth greater than 1.4 MHz and {2,3,4} for system bandwidth of 1.4MHz. In some cases, however, it is not necessary to reserve any OFDM symbol for legacy PDCCH/PCFICH/PHICH control region. For example, in MTC-only deployment using 1.4MHz or 5MHz system bandwidth, there would be no need to reserve OFDM symbols for legacy control region. In other cases, MTC traffic may be separated in time from other traffic, allowing MTC transmission to start from the first symbol. This can improve PDSCH spectral efficiency without significant specification or implementation impact. For instance, in 1.4MHz system bandwidth, two more OFDM symbols would be available, leading to 14% increase in spectral efficiency. Even for system bandwidth above 1.4MHz, 7% increase would be possible. Therefore, it is proposed to allow MPDCCH and PDSCH transmission on OFDM symbol(s) that are currently reserved for PDCCH/PCFICH/PHICH.

Proposal 5: Allow MPDCCH and PDSCH transmission on OFDM symbol(s) that are currently reserved for PDCCH/PCFICH/PHICH.
With respect to specification impact, MPDCCH and PDSCH transmission could easily be extended to extra OFDM symbol(s) by using simple repetition (for instance, using similar mapping as to PBCH repetition). This has low impact to both specification and implementation, and provides backward compatibility to older UEs as well. A new higher layer parameter can be introduced to indicate to UEs supporting this feature that additional MPDCCH/PDSCH repetition is available.
Proposal 6: Introduce higher layer signaling to indicate additional MPDCCH/PDSCH repetition(s) on legacy control region.
4
Conclusion

In this contribution, further details related to supporting 64QAM and its standard impacts are discussed. The following proposals are made.

Proposal 1: efeMTC UE reports the capability whether 64QAM is supported in DL.
Proposal 2: 64QAM is not supported by UE in CEMode B.
Proposal 3: replace reserved entries in eMTC CQI table with entries 10-14 of 64QAM 4-bit CQI table.

Proposal 4: MCS field in DCI format 6-1A extends to 5-bit.

Proposal 5: Allow MPDCCH and PDSCH transmission on OFDM symbol(s) that are currently reserved for PDCCH/PCFICH/PHICH

Proposal 6: Introduce higher layer signaling to indicate additional MPDCCH/PDSCH repetition(s) on legacy control region.
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