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1
Introduction
In RAN1#88 bis meeting, the following agreements on supporting 64QAM for unicast PDSCH were reached. [1]
Agreements:
· 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 further the left issues for supporting 64QAM for efeMTC UEs.
2
Supporting 64QAM modulation
One of the outstanding issues from RAN1#88-bis, is how to design the MCS/TBS table for supporting the 64QAM modulation scheme for unicast PDSCH. In eMTC design, the highest modulation order for BL/CE UE is 16QAM, thus the entries for 64QAM are disabled for BL/CE UE as shown in the below table, requiring only a 4-bit MCS field in DCI format 6-1A. To support 64QAM for PDSCH transmission, two options can be considered.
· Extend the MCS field to 5-bit

With this option, the MCS/TBS table defined for LTE is re-used, all entries in the MCS/TBS table are supported by efeMTC UE, and the only standard impact is to extend the MCS field to 5-bit in DCI format 6-1A.

· Re-define the mapping of MCS index and modulation order/TBS index 

Same as eMTC, only 16 MCS indices are supported. Thus some of QPSK and 16QAM entries are modified for supporting 64QAM, and the TBS indices need to be updated in MCS/TBS table as well. As only 16 TBS indices are supported, and 64QAM modulation scheme can be supported for 1.4MHz bandwidth BL/CE UE, 5MHz bandwidth BL/CE UE and 20MHz non-BL UE, it’s hard to define the optimized modulation order and TBS index in one MCS/TBS table for all supported UE categories. Comparing with another option, 16 MCS indices restrict the scheduling flexibility, and more standard efforts are required. 
Proposal 1: MCS field in DCI format 6-1A extends to 5-bit, and existing MCS/TBS table is reused with 32 entries.
Table 7.1.7.1-1: Modulation and TBS index table for PDSCH (in TS36.213) [2]
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	


Another issue to be resolved is the CQI table to support DL 64QAM transmission. According to the current specifications, two relevant CQI tables defined in TS36.213 can be considered for efeMTC CQI reporting. Table 7.2.3-1 is for reporting CQI based on QPSK, 16QAM and 64QAM. CQI Table 7.2.3-3 is designed for eMTC for reporting CQI based on QPSK and 16QAM. Thus two optionscan be considered for efeMTC CQI reporting.
· Option 1: Re-use 64QAM 4-bit CQI table (Table 7.2.3-1) for efeMTC CQI reporting

· Option 2: Update eMTC CQI table (Table 7.2.3-3) for efeMTC CQI reporting, the reserved entries are replace with entries 10-14 of 64QAM 4-bit CQI table
Comparing the two options, the eMTC CQI table is biased towards lower code rates, which is preferable for eMTC devices operationg in very low SINR scenarios. To keep eMTC property, eMTC CQI table can be still applied to efeMTC with the updates. In this case, no matter whether 64QAM modulation is configured or not, only one CQI table is required to support by efeMTC UE. 
	Table 7.2.3-1: 4-bit CQI Table [2]
CQI index

modulation

code rate x 1024

efficiency

0

out of range

1

QPSK
78

0.1523

2

QPSK
120

0.2344

3

QPSK
193

0.3770

4

QPSK
308

0.6016

5

QPSK
449

0.8770

6

QPSK
602

1.1758

7

16QAM
378

1.4766

8

16QAM
490

1.9141

9

16QAM
616

2.4063

10

64QAM
466

2.7305

11

64QAM
567

3.3223

12

64QAM
666

3.9023

13

64QAM
772

4.5234

14

64QAM
873

5.1152

15

64QAM
948

5.5547


	Table 7.2.3-3: 4-bit CQI Table 3 [2]
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



Updated 4-bit CQI Table 7.2.3-3 from TS36.213
	CQI index
	modulation
	code rate x 1024 x 
[image: image7.wmf]CSI

R


	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 2: Replace reserved entries in eMTC CQI table with entries 10-14 of 64QAM 4-bit CQI table.
3
Conclusion

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

Proposal 1: MCS field in DCI format 6-1A extends to 5-bit, and existing MCS/TBS table is reused with 32 entries.
Proposal 2: Replace reserved entries in eMTC CQI table with entries 10-14 of 64QAM 4-bit CQI table.
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