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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to improve spectral efficiency.
Improved 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 RAN1 #88bis meeting, the following agreements were achieved on support of 64 QAM for unicast PDSCH [2].
· Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.

· The feature is enabled/disabled by eNB via UE-specific signaling.

· Unless enabled, UE shall assume no use of 64QAM.

· The MCS field in DCI format 6-1A is [FFS: 4 or 5 bits] in UE-specific search space.

· The max TBS for each UE category and max PDSCH channel bandwidth support is the same as Rel-14.

· This implies that N_soft is also the same as Rel-14.

· FFS details of MCS, TBS and CQI tables for the support of 64QAM.

In this contribution, we discuss the details on support of 64QAM for unicast PDSCH to increase spectral efficiency for MTC.
2 Discussion on support of 64QAM for unicast PDSCH
DCI format 6-1A and DCI format 6-1B are used for resource allocation of Rel-13 eMTC and Rel-14 FeMTC BL/CE UEs in CE mode A and CE mode B respectively. For Rel-13/Rel-14 BL/CE UEs, QPSK and 16QAM modulation can be used for PDSCH in CE mode A while only QPSK is used for PDSCH in CE mode B. In DCI format 6-1A/6-1B, ‘Modulation and coding scheme’ field is only 4 bits. To support 64QAM modulation in CE mode A, when 64QAM feature is enabled by UE-specific signaling, the ‘Modulation and coding scheme’ field in DCI format 6-1A is required to be extended to 5 bits. MCS/TBS index Table 7.1.7.1-1 in TS 36.213 can be reused.

Proposal 1: To support 64QAM modulation in CE mode A, the ‘Modulation and coding scheme’ field in DCI format 6-1A is extended to 5 bits. 
· MCS/TBS index Table 7.1.7.1-1 in TS 36.213 is reused.
The maximum PDSCH TBS for 1.4 MHz BL UEs (Cat M1) is 1000 bits while the maximum PDSCH TBS for 5 MHz BL UEs (Cat M2) and non-BL UEs configured with maximum 5 MHz PDSCH channel bandwidth is 4008 bits. Since increase of UE peak rate is not the intention of introducing 64QAM in CE mode A, the maximum TBS for each case keeps unchanged. To support 64QAM modulation in CE mode A, the corresponding TBS table should be updated.

The PDSCH TBS table for 1.4 MHz BL UEs can be based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS <=26 and TBS value not larger than 1000 bits as example in Table 1. 
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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
	144
	328
	504
	680
	872
	
1000

	11
	176
	376
	584
	776
	1000
	

	12
	208
	440
	680
	904
	
	

	13
	224
	488
	744
	1000
	
	

	14
	256
	552
	840
	
	
	

	15
	280
	600
	904
	
	
	

	16
	328
	632
	968
	
	
	

	17
	336
	696
	
1000
	
	
	

	18
	376
	776
	
	
	
	

	19
	408
	840
	
	
	
	

	20
	440
	904
	
	
	
	

	21
	488
	1000
	
	
	
	

	22
	520
	
	
	
	
	

	23
	552
	
	
	
	
	

	24
	584
	
	
	
	
	

	25
	616
	
	
	
	
	

	26
	712
	
	
	
	
	


The TBS table for 5 MHz BL UEs and non-BL UEs configured with max 5 MHz PDSCH channel bandwidth can be based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS <=26 and TBS value not larger than 4008 bits. 

The TBS table for non-BL UEs configured with max 20 MHz PDSCH channel bandwidth can be based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS <=26 and TBS value not larger than 27376 bits. 
Proposal 2: To support 64QAM modulation in CE mode A, the update TBS  table is based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS <=26 and TBS value not larger than maximum TBS of corresponding maximum PDSCH channel bandwidth.

To support 64QAM modulation in CE mode A, 4-bit CQI Table 7.2.3-1 in TS 36.213 can be reused.
Proposal 3: To support 64QAM modulation in CE mode A, 4-bit CQI Table 7.2.3-1 in TS 36.213 can be reused.
3 Conclusions
In this contribution, we have discussed the detailed design on support of 64QAM modulation for unicast PDSCH for Rel-15 BL/CE UEs. We make the following proposals:
Proposal 1: To support 64QAM modulation in CE mode A, the ‘Modulation and coding scheme’ field in DCI format 6-1A is extended to 5 bits. 
· MCS/TBS index Table 7.1.7.1-1 in TS 36.213 is reused.

Proposal 2: To support 64QAM modulation in CE mode A, the update TBS  table is based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS <=26 and TBS value not larger than maximum TBS of corresponding maximum PDSCH channel bandwidth.

Proposal 3: To support 64QAM modulation in CE mode A, 4-bit CQI Table 7.2.3-1 in TS 36.213 can be reused.
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