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1 Introduction

One of the objectives of the Rel-15 WI on “even further enhanced MTC (efeMTC)” for LTE [1] is to specify optional support for 64QAM for unicast PDSCH without increasing the peak rate (implying that the maximum TBS is kept at 1000 bits).
This contribution considers aspects related to the introduction of 64QAM as an additional modulation scheme for PDSCH. 
2 Introduction of 64QAM
Although efeMTC UEs will be equipped with 1 Rx antenna, it is still possible to experience large SINR allowing for the support of 64QAM. Accounting for a 3 dB loss relative to non-BL/CE UEs, 64QAM can be expected to be feasible (for 10% BLER) for SINRs above ~14 dB. The number of UEs experiencing such SINRs will depend on the cell topology, the channel model, and other factors. Figure 1 provides DL geometry distributions for different channel models [2]. It can be observed that but even for the Urban-Macro channel model, ~20% of UEs have SINR above ~14 dB (and this number increases to ~80% for the indoor channel model but EVM limits the actual SINR). Therefore, use of 64QAM to increase DL spectral efficiency can be considered and, even though with the exception of the indoor channel model, the spectral efficiency gains are not expected to be significant, the specification support is simple and so it impact on the eNB/UE implementation. 
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Figure 1: DL Geometry CDF for various channel models

The current CQI Table for BL/CE UEs from [3] is copied in Table 1. It is based on the Rel-8 CQI table where 64QAM entries are removed and one new entry for the lowest spectral efficiency value is added. There are 5 reserved entries that could be potentially all be used for support of 64QAM by adding 5 of the 6 64QAM entries that were removed. However, it would be preferable to maintain 1-2 reserved entries for forward compatibility to avoid introducing a new CQI table in such case. Given that the lowest entry for 64QAM has a similar spectral efficiency as the highest entry for 16QAM, it may not be included. Further, considering that successive entries are separated by about 1.8 dB and further considering loose EVM requirements for efeMTC UEs, capturing an effective SINR of up to ~21 dB is sufficient and this can be done by introducing the 3 next 64QAM entries. A resulting CQI table is shown in Table 2.  
Table 1: 4-bit CQI Table for Rel-13 BL/CE UEs
	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
	Reserved 
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved


Table 2: 4-bit CQI Table for BL/CE UEs supporting 64QAM

	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
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved


Finally, Table 3 provides the valid TBS entries for PDSCH transmissions to BL/CE UEs supporting 64QAM. 
Table 3: Supported TBS Values 
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	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	176
	376
	584
	776
	1000
	1192

	11
	208
	440
	680
	904
	1128
	1352

	12
	224
	488
	744
	1000
	1256
	1544


Proposal: Use Table 2 as the 4-bit CQI Table for BL/CE UEs supporting 64QAM.
3 Conclusions

This contribution considered the introduction of 64QAM for unicast PDSCH (without increasing the peak rate) and proposes the following. 
Proposal: Use Table 2 as the 4-bit CQI Table for BL/CE UEs supporting 64QAM.
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