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1	Introduction
In the Work Item (WI) on “Rel-17 enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for NB-IoT:
	· [bookmark: _Hlk30583880][bookmark: _Hlk30584214]Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 



In RAN1 #103-e, a set of agreements were made for both UL and DL [2]. In this contribution we go through each of those agreements as to provide our view on the technical aspects that have been left under Working Assumption (WA) and for further study (FFS) in RAN1 #103-e [2]. In the sections below we treat UL and DL separately starting with the latter one.
2	Support of 16-QAM for unicast in DL
2.1	TBS/MCS table to support 16QAM in DL
In RAN1 #103-e, the following Working Assumptions were made in relation to the TBS/MCS table design to support 16-QAM in DL [2]:
	Working Assumption 
The following TBS indices are introduced for downlink
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.
· FFS for I_SF > 7




	Working Assumption
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.



In the subsections below, we discuss the Working Assumptions first for the stand-alone and guard-band deployments, and thereafter for the in-band deployment.
2.1.1	Stand-alone and Guard-band deployments
The Working Assumption on the TBS/MCS table for DL contains three TBS entries surrounded by brackets, each of which contains two options as to decide respectively for one of them in RAN1#104-e:
· ITBS = 16, ISF = 0 → [328, 296]: The simulation results in Figure A.1, Annex A.1 show that if a TBS = 328 bits is used, then a performance crossing issue is observed with respect to the TBS = 336 bits located in the next adjacent row (i.e., ITBS = 17, ISF = 0) a, hence a TBS = 296 bits is proposed to be used as to eliminate the issue.

· ITBS = 14, ISF = 1 → [552, 536]: The simulation results in Figure A.1, Annex A.1 show that if a TBS = 552 bits is used, then a performance overlapping issue is observed with respect to the TBS = 600 bits located in the next adjacent row (i.e., ITBS = 15, ISF = 1) a, hence a TBS = 536 bits is proposed to be used as to eliminate the issue.

· ITBS = 21, ISF = 4 → [2472, 2536]: Without incurring in any performance issue (See Figure 1), if the TBS = 2472 bits is replaced by TBS = 2536 bits, then it will be possible to transmit the max Rel-16 TBS with half of the time-domain resources when 16-QAM is used. It is worth noting that the WA on the TBS Table for UL accounts for this exact change, which is an ability that DL should also have.

[bookmark: _Toc61448915]Confirm the Working Assumption referring to TBS indices to be introduced for downlink, including the following resolution on the TBS entries surrounded by brackets:
· [bookmark: _Toc61448916]To avoid a performance crossing issue, between [328, 296] the TBS = 296 bits is selected.
· [bookmark: _Toc61448917]To avoid a performance overlapping issue, between [552, 536] the TBS = 536 bits is selected, and
· [bookmark: _Toc61448918]To transmit the max Rel-16 TBS with half of the time domain resources, between [2472, 2536] the TBS = 2536 bits is selected. Note: The WA on the TBS Table for UL accounts for this exact change, which is an ability that DL should also have.

The second Working Assumption states that “•For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.” In relation to it, Figure 1 shows the performance of all the TBS entries encompassed by the ITBS indices between 14 and 21 for stand-alone and guard-band deployments at 10% BLER.
[image: ]
[bookmark: Figure_1]Figure 1: 10% BLER for all TBS entries encompassed by the ITBS indices between 14 and 21 for stand-alone and guard-band deployments.
[bookmark: _Hlk58352182]The TBS entries encompassed by ITBS indices between 14 and 21 include the TBS entries that in the Working Assumption 1 were surrounded by brackets using TBS = 296, TBS= 536, and TBS= 2536, in order to avoid performance crossing issues, overlapping issues and to verify that the throughput can be doubled without incurring in any performance issue. The evaluation in Figure 1 doesn’t show any performance issue after selecting the proper TBS entries on the instances surrounded by brackets, which indicates that the second Working Assumption for DL can be confirmed from a stand-alone/guard-band deployments perspective.
[bookmark: _Toc61448903][bookmark: _Hlk58400083]Based on simulation results the second Working Assumption referring to the use of TBS entries encompassed by ITBS indices between 14 and 21 can be confirmed from a stand-alone/guard-band deployments perspective.
[bookmark: _Toc61448919]Confirm the Working Assumption referring to the use of 16-QAM for the TBS entries encompassed by ITBS indices between 14 and 21 for stand-alone and guard-band deployments.
[bookmark: _Hlk58354548]The confirmation of the two Working Assumptions for DL made in RAN1#103-e for stand-alone/guard-band deployments, together with preserving all the legacy TBS entries used for QPSK would assemble the full TBS/MCS table for DL from ITBS indices 0 to 21 (i.e., QPSK: 0 – 13 and 16-QAM: 14 - 21) for stand-alone and guard-band deployments as follows:
	Table 1: TBS/MCS Table for 16-QAM in DL in the case of “stand-alone” and “guard-band” deployments.

	Table 1a: All legacy TBS entries for QPSK together with the 16-QAM TBS entries following the confirmation of the Working Assumption including the resolution on the entries surrounded by brackets to avoid a performance crossing (296) an overlapping issue (536), and to transmit the max Rel-16 TBs with half of the time domain resources (2536).
	Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	

16-QAM
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	
	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	
	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	
	21
	488
	1000
	1480
	1992
	2536
	2984
	4008
	4968


.
	Table 1b: Achievable Code Rates of TBS/MCS table for stand-alone and guard-band deployments.


	Number of NPDSCH Subframes (NSF)

	1
	2
	3
	4
	5
	6
	8
	10

	0.13
	0.09
	0.09
	0.09
	0.09
	0.10
	0.10
	0.09

	0.16
	0.13
	0.12
	0.14
	0.13
	0.13
	0.12
	0.12

	0.18
	0.16
	0.18
	0.16
	0.15
	0.15
	0.14
	0.15

	0.21
	0.21
	0.22
	0.19
	0.18
	0.19
	0.19
	0.19

	0.26
	0.24
	0.25
	0.23
	0.23
	0.24
	0.24
	0.23

	0.32
	0.28
	0.27
	0.29
	0.29
	0.29
	0.29
	0.29

	0.37
	0.33
	0.31
	0.34
	0.35
	0.34
	0.34
	0.35

	0.42
	0.41
	0.39
	0.41
	0.40
	0.39
	0.41
	0.41

	0.47
	0.46
	0.46
	0.46
	0.46
	0.46
	0.46
	0.45

	0.53
	0.53
	0.53
	0.53
	0.53
	0.53
	0.53
	0.52

	0.55
	0.58
	0.58
	0.58
	0.59
	0.58
	0.58
	0.58

	0.66
	0.66
	0.67
	0.66
	0.67
	0.67
	0.67
	0.67

	0.76
	0.76
	0.77
	0.76
	0.76
	0.75
	0.75
	0.76

	0.82
	0.84
	0.84
	0.87
	0.84
	0.86
	0.84
	0.84

	0.46
	0.46
	0.47
	0.47
	0.47
	0.48
	0.47
	0.47

	0.5
	0.51
	0.51
	0.51
	0.52
	0.5
	0.51
	0.52

	0.53
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54

	0.61
	0.59
	0.6
	0.59
	0.6
	0.6
	0.59
	0.6

	0.66
	0.66
	0.65
	0.64
	0.66
	0.65
	0.64
	0.66

	0.71
	0.71
	0.72
	0.72
	0.72
	0.72
	0.72
	0.71

	0.76
	0.76
	0.77
	0.78
	0.78
	0.77
	0.78
	0.76

	0.84
	0.84
	0.82
	0.83
	0.84
	0.82
	0.83
	0.82






Subject to the confirmation of the working assumptions, upon knowing all the TBS entries that in principle will compose the full TBS/MCS table for stand-alone and guard-band deployments, the next step is to find out the breaking point for transitioning from QPSK to 16-QAM. The second Working Assumption says that “… TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM”, being the ITBS = 13 with respect to ITBS = 14 the transition point from QPSK to 16-QAM. In order to know the suitability of such a breaking point, we evaluated the average SINR difference between those ITBS indices:
· [bookmark: _Hlk58501245]ITBS14_16QAMavg-to-ITBS13_QPSKavg = abs(8.94 dB – 8.28 dB) ⁓ 0.66 dB.
where:
ITBS14_16QAMavg and ITBS13_QPSKavg refer to the average SINR across all the TBS entries in the rows associated to ITBS 14 for 16-QAM and ITBS 13 for QPSK respectively.

The resulting average SINR difference between ITBS = 13 which uses QPSK and ITBS = 14 which uses 16-QAM resulted to be smaller than 1 dB (i.e., ⁓ 0.66 dB), hence is suitable to have as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM for stand-alone/guard-band deployments.
[bookmark: _Toc61448920]The TBS/MCS Table for stand-alone and guard-band deployments uses as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for 16-QAM.
[bookmark: _Toc61448921]In line with the Working Assumptions, the TBS/MCS Table to support 16-QAM in DL for stand-alone and guard-band deployments is as follows:
	Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	

16-QAM
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	
	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	
	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	
	21
	488
	1000
	1480
	1992
	2536
	2984
	4008
	4968



2.1.2	In-band deployments
For an “in-band” deployment there are less resource elements available for NB-IoT since some of them are reserved for LTE (e.g., PDCCH, CRS), being ITBS = 10 the maximum usable index in the legacy TBS/MCS table. For the in-band deployment, the TBS/MCS table in the first Working Assumption for DL is also the baseline, being the second Working Assumption for DL the one setting its boundaries as follows “•	For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM”. Note that while the usage of 16-QAM for stand-alone/guard-band deployments starts from ITBS index 14 spanning all the way till ITBS index 21, for in-band deployments because of the higher achievable code rates the usage of 16-QAM starts at an earlier ITBS index spanning from ITBS index 11 till ITBS index 17. The fact that the in-band deployment starts and ends the usage of 16-QAM at an earlier ITBS index is related to the following two FFSs at the bottom of the first Working Assumption for DL: 
· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.

The second Working Assumption for the in-band deployment which sets the boundaries (“… TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.”) covers the two above FFSs. The first FFS is covered because in the ITBS range from 11 to 17, the ITBS indices 11 to 13 are legacy TBS and would be used for 16-QAM in the in-band deployment, whereas the second FFS would be also covered since in the in-band case the full TBS/MCS Table including QPSK and 16-QM for DL would span from ITBS index 0 to ITBS index 17 which is a subcase of the other deployments modes for which the full TBS/MCS Table for DL including QPSK and 16-QAM would span from ITBS index 0 to ITBS index 21. Thus, the two FFSs will be resolved if the second Working Assumption for the in-band deployment gets confirmed.
In relation to the ITBS indices intended for be used for 16-QAM in an in-band deployment, Figure 2 shows the performance of all the TBS entries encompassed by the ITBS indices between 11 and 17 for in-band deployments at 10% BLER.
[image: ]
[bookmark: Figure_2]Figure 2: 10% BLER for all TBS entries encompassed by the ITBS indices between 11 and 17 for in-band deployments.
The TBS entries encompassed by ITBS indices between 11 and 17 include two TBS entries that in the Working Assumption 1 were surrounded by brackets, for which, in order to avoid performance crossing issues and overlapping issues, the following TBS entries were used in evaluations TBS = 296, and TBS= 536. The evaluation in Figure 2 doesn’t show any performance issue after selecting the proper TBS entries on the instances surrounded by brackets, which indicates that the second Working Assumption for DL can also be confirmed from an in-band deployment perspective.
[bookmark: _Toc61448904]Based on simulation results the second Working Assumption referring to the use of TBS entries encompassed by ITBS indices between 11 and 17 can be confirmed from an in-band deployment perspective.
[bookmark: _Toc61448922]Confirm the Working Assumption referring to the use of 16-QAM for the TBS entries encompassed by ITBS indices between 11 and 17 for the in-band deployment.
The confirmation of the two Working Assumptions for DL made in RAN1#103-e for in-band deployments, together with preserving all the legacy TBS entries used for QPSK would assemble the full TBS/MCS table for DL from ITBS indices 0 to 17 (i.e., QPSK: 0 – 10 and 16-QAM: 11 - 17) for in-band deployments as follows:
	Table 2: TBS/MCS Table for 16-QAM in DL in the case of “in-band” deployments.

	Table 2a: All legacy TBS entries for QPSK together with the 16-QAM TBS entries following the confirmation of the Working Assumption including the resolution on the entries surrounded by brackets to avoid a performance crossing (296) and an overlapping issue (536).
	.Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK only

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	



16-QAM only
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	-
	-
	-
	-
	-
	-
	-
	-

	
	19
	-
	-
	-
	-
	-
	-
	-
	-

	
	20
	-
	-
	-
	-
	-
	-
	-
	-

	
	21
	-
	-
	-
	-
	-
	-
	-
	-



	Table 2b: Achievable Code Rates of TBS/MCS table for in-band deployments.


	Number of NPDSCH Subframes (NSF)

	1
	2
	3
	4
	5
	6
	8
	10

	0.19
	0.13
	0.13
	0.13
	0.14
	0.14
	0.14
	0.13

	0.23
	0.19
	0.18
	0.2
	0.19
	0.19
	0.17
	0.18

	0.27
	0.23
	0.27
	0.24
	0.22
	0.22
	0.21
	0.22

	0.31
	0.31
	0.32
	0.28
	0.27
	0.28
	0.28
	0.28

	0.38
	0.35
	0.37
	0.34
	0.34
	0.35
	0.35
	0.34

	0.46
	0.4
	0.4
	0.42
	0.43
	0.42
	0.42
	0.43

	0.54
	0.48
	0.45
	0.5
	0.51
	0.5
	0.5
	0.51

	0.62
	0.6
	0.56
	0.6
	0.58
	0.56
	0.6
	0.6

	0.69
	0.67
	0.67
	0.67
	0.68
	0.67
	0.67
	0.66

	0.77
	0.77
	0.77
	0.77
	0.77
	0.77
	0.77
	0.75

	0.81
	0.85
	0.85
	0.85
	0.86
	0.85
	0.85
	0.85

	0.48
	0.48
	0.49
	0.48
	0.49
	0.49
	0.49
	0.49

	0.56
	0.56
	0.56
	0.56
	0.55
	0.55
	0.55
	0.55

	0.6
	0.62
	0.62
	0.63
	0.62
	0.63
	0.62
	0.62

	0.67
	0.67
	0.69
	0.69
	0.69
	0.71
	0.69
	0.69

	0.73
	0.75
	0.74
	0.75
	0.75
	0.73
	0.75
	0.75

	0.77
	0.79
	0.79
	0.79
	0.78
	0.78
	0.79
	0.78

	0.87
	0.87
	0.87
	0.87
	0.88
	0.87
	0.87
	0.88

	-
	-
	-
	-
	-
	-
	-
	-

	-
	-
	-
	-
	-
	-
	-
	-

	-
	-
	-
	-
	-
	-
	-
	-

	-
	-
	-
	-
	-
	-
	-
	-






Subject to the confirmation of the working assumptions, upon knowing all the TBS entries that in principle will compose the full TBS/MCS table for the in-band deployment, the next step is to find out the breaking point for transitioning from QPSK to 16-QAM. The second Working Assumption says that “… TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.”, being the ITBS = 10 with respect to ITBS = 11 the transition point from QPSK to 16-QAM. In order to know the suitability of such a breaking point, we evaluated the average SINR difference between those ITBS indices:
· ITBS11_16QAMavg-to-ITBS10_QPSKavg = abs(8.98 dB – 8.08 dB) ⁓ 0.9 dB.
where:
ITBS11_16QAMavg and ITBS10_QPSKavg refer to the average SINR across all the TBS entries in the rows associated to ITBS 11 for 16-QAM and ITBS 10 for QPSK respectively.


The average SINR difference ⁓ 0.9 dB doesn’t go beyond 1dB, hence it can be considered suitable to have as breaking point ITBS = 10 as last ITBS index for QPSK and ITBS = 11 as first ITBS index for16-QAM for an in-band deployment.
[bookmark: _Toc61448923]The TBS/MCS Table for in-band deployments uses as breaking point ITBS = 10 as last ITBS index for QPSK and ITBS = 11 as first ITBS index for16-QAM.
[bookmark: _Toc61448924]In line with the Working Assumptions, the TBS/MCS Table to support 16-QAM in DL for in-band deployments is as follows:
	.Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK only

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	



16-QAM only
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	-
	-
	-
	-
	-
	-
	-
	-

	
	19
	-
	-
	-
	-
	-
	-
	-
	-

	
	20
	-
	-
	-
	-
	-
	-
	-
	-

	
	21
	-
	-
	-
	-
	-
	-
	-
	-



2.2	Support of “one repetition” versus “one and two repetitions” for 16-QAM in DL
In RAN1 #103-e it was agreed that “Repetitions larger than 2 are not supported in case of 16QAM for downlink” letting as “FFS: Whether repetition of 2 is supported or not”. 
During RAN1 #103-e as part of the feature lead summary #2 it was mentioned by the proponent of 2 repetitions that the aim is to support: “16QAM with repetition in order to increase data rate for UEs that may not have sufficient SNR to use 16QAM”.
Looking at the TBS table for DL under working assumption, the foreseen use-case for the support of up to 2 repetitions with 16-QAM seems to be the largest TBS entries (i.e., the shadowed TBS entries depicted below) among the ones available for 16-QAM since for the other TBS entries there are alternative TBS entries using QPSK with 1 repetition which will require less sinr.
Table 3. TBS Table for DL under Working Assumption, where the shadow entries are the foreseen use case for the use of 2 repetitions
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968



According with our simulation results for 16-QAM with 2 repetitions (Annex A.2), for the largest TBS entries the required sinr using 2 repetitions is in the range from ⁓ 6.45 dB to ⁓ 10.43 dB, which in principle doesn’t seem to be sufficiently small as to suit a scenario where it is claimed that the UE doesn’t have sufficient SNR to use 16-QAM, since for transmitting the smallest TBS entries using 1 repetition with 16-QAM a similar sinr range is required.
[bookmark: _Toc61448905]The use-case for supporting 2 repetitions in DL was claimed “to increase data rate for UEs that may not have sufficient SNR to use 16QAM”. Looking at the TBS Table under WA, only the largest TBS entries may be the use-case for it since for the other TBS entries there are alternative TBS entries using QPSK with 1 repetition which will require less sinr.
[bookmark: _Toc61448906]According with simulations using 16-QAM with 2 repetitions, for the largest TBS entries the required sinr is in the range from ⁓ 6.45 dB to ⁓ 10.43 dB, which doesn’t seem to be sufficiently small as to suit a scenario where the UE doesn’t have sufficient SNR to use 16-QAM.
[bookmark: _Toc61448925]Analyse the required sinr range for the use-case(s) of using 16-QAM with 2 repetitions as to determine its suitability. Discuss potential impacts on the channel quality reporting if the 2 repetitions case for 16-QAM were supported.
2.3	Channel Quality Reporting to support 16-QAM in DL
The downlink (DL) channel quality reporting is defined as the NPDCCH repetition level of hypothetical NPDCCH BLER of 1%.
The reported values for NB-IoT are based on an 8-bit mapping table in TS 36.133 clause 9.1.22.15 [3], including the following NPDCCH repetition levels (1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048). 
2.3.1	CQI reporting definition
Towards the support of the channel quality reporting for 16-QAM in DL, we can possibly re-use the legacy CQI reporting definition for LTE-MTC in clause 7.2.3 [4], which can be adapted for NB-IoT as shown in the Table below.
Table 4. CQI reporting definition
	Legacy CQI reporting definition as per clause 7.2.3 of [4]
	Adaptation of the CQI reporting definition to NB-IoT for the support of 16-QAM in DL

	· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1

	· [bookmark: _Hlk53486320][bookmark: _Hlk52807874]A single NPDSCH transport block with a combination of modulation scheme and transport block size corresponding to the Reported value in Table 9.1.22.15-1 of TS36.133, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1




[bookmark: _Toc61448926]The CQI reporting definition to support 16-QAM in DL is as in clause 7.2.3 of TS 36.213 for LTE-MTC with the corresponding updates to adapt it to NB-IoT.
2.3.2	CQI mapping Table
The CQI mapping table in TS 36.133 clause 9.1.22.15 [3] is used as a baseline to introduce the channel quality reporting for 16-QAM in DL.
Due that a high modulation order as 16-QAM requires good radio conditions, we used as a design criterion the case where “NPDCCH repetition level” is equal to 1. 
Moreover, the CQI mapping table in TS 36.133 clause 9.1.22.15 currently uses 13 out of 16 entries, being the three unused fields utilized to incorporate the reporting for 16-QAM in DL:
Table 9.1.22.15-1: Downlink channel quality measurement report mapping of CQI-NPDCCH-NB when the DL channel quality reporting is supported
	Reported value
	NPDCCH repetition level
	NPDSCH TBS: 16-QAM index with  transport block error probability not exceeding 0.1

	
	
	Guard-band and Stand-alone deployments
	In-band deployments

	noMeasurement
	No measurement reporting
	No measurement reporting

	candidateRep-A
	1
	N/A

	candidateRep-B
	2
	N/A

	candidateRep-C
	4
	N/A

	candidateRep-D
	8
	N/A

	candidateRep-E
	16
	N/A

	candidateRep-F
	32
	N/A

	candidateRep-G
	64
	N/A

	candidateRep-H
	128
	N/A

	candidateRep-I
	256
	N/A

	candidateRep-J
	512
	N/A

	candidateRep-K
	1024
	N/A

	candidateRep-L
	2048
	N/A

	candidateRep-M
	1
	0
	0

	candidateRep-N
	1
	1
	1

	candidateRep-O
	1
	2
	2



Table 4a. NB-IoT 16-QAM CQI index
	
CQI Index
	ITBS

	
	Guard-band and Stand-alone deployments
	In-band deployments

	0
	A
	D

	1
	B
	E

	2
	C
	F



The three new reports (i.e., candidateRep-M, candidateRep-N, and candidateRep-O) proposed to be used for 16-QAM, use as metric TBS indices to reflect the channel conditions. The TBS indices (i.e., ITBS =A, ITBS =B, ITBS =C, ITBS =D, ITBS =E, and ITBS =F) associated to the reports M, N, and O respectively, depend on the selected TBS/MCS table, and the TBS indices are expected to be different between the guard-band/stand-alone deployments and the in-band deployment due to the effective coding rates.
Below, we provide an example that simplifies the CQI index table, where the ITBS thresholds are based on the TBS/MCS Tables under Working Assumption in sections 2.2.1 and 2.2.2 respectively (i.e., where the TBS/MCS for the in-band deployment is a subcase of the stand-alone and guard-band deployments).
	Reported value
	NPDCCH repetition level
	NPDSCH TBS: 16-QAM index with transport block error probability not exceeding 0.1

	
	
	Guard-band and Stand-alone deployments
	In-band deployments

	candidateRep-M
	1
	1
	0

	candidateRep-N
	1
	2
	1

	candidateRep-O
	1
	3
	2



Table 4a.1. NB-IoT 16-QAM CQI index
	CQI Index
	ITBS

	0
	11

	1
	14

	2
	17

	3
	21



The usage of the reserved fields in Table 9.1.22.15-1 to introduce the channel quality reporting for the support of 16-QAM in DL can be illustrated through the following example:
· Let’s assume that the channel quality reporting of 16QAM is based on the measurements that the UE has performed, where the radio conditions are found to be good as to correspond to an NPDCCH repetition level equal to 1. At this point based on the updated Table 9.1.22.15-1 there are four possible candidates: 

· candidateRep-A, candidateRep-M, candidateRep-N, or candidateRep-O

· Let’s further assume that the UE has an implementation dependent algorithm that allows it to determine whether any of the 16-QAM candidate reports are suitable to be used or if rather candidateRep-A (i.e., QPSK) should be reported.

· Let’s assume that among the CQI indices (associated to the thresholds ITBS =A/D, ITBS =B/E, and ITBS =C/F) it was found that the radio conditions are optimal as to correspond to CQI index = 0, hence the UE reports to the eNodeB candidateRep-M, which implies two things:


1. That under the current radio conditions 16-QAM could even handle the largest TBS in TBS/MCS table, and
2. That the repetition level for both NPDCCH (explicit in the table) and NPDSCH (implicit under the assumption 16-QAM is used only for 1 repetition) is equal to 1.

· The eNodeB receives the report (i.e., candidateRep-M in this example) as a recommendation reflecting the radio conditions, but the eNodeB has the final say towards scheduling the upcoming DL transmission.

[bookmark: _Toc61448927]The three unused entries in the legacy CQI mapping Table in clause 9.1.22.15 of TS 36.213 (i.e., Table 9.1.22.15-1) are used for the CQI reporting of 16-QAM in DL.
· [bookmark: _Toc61448928]The NPDCCH and NPDSCH repetition level is equal to 1.
· [bookmark: _Toc61448929]candidateRep-M is reported when the SINR is suitable for 16-QAM with ITBS =A/D.
· [bookmark: _Toc61448930]FFS: A for stand-alone and guard-band deployments, and D for in-band deployments.
· [bookmark: _Toc61448931]candidateRep-N is reported when the SINR is suitable for 16-QAM with ITBS =B/E.
· [bookmark: _Toc61448932]FFS: B for stand-alone and guard-band deployments, and E for in-band deployments.
· [bookmark: _Toc61448933]candidateRep-O is reported when the SINR is suitable for 16-QAM with ITBS =C/F.
· [bookmark: _Toc61448934]FFS: C for stand-alone and guard-band deployments, and F for in-band deployments.
[bookmark: _Hlk52976684]2.4	Power control for 16-QAM in DL: Data-to-Pilot Power Ratios
[bookmark: _Hlk58414114]The WID’s objective includes the “necessary changes to DL power allocation for NPDSCH and DL TBS”. In [5] it was mentioned that “currently a UE may assume the ratio of NPDSCH EPRE to NRS EPRE is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports. For 16-QAM, the power ratio is required in order to determine the appropriate scaling of the LLR values”. Similarly, in [6] it was mentioned that with the introduction of 16-QAM “the UE needs to have a correct assumption on the relative power between pilots and data”.
In RAN1# 103-e the following agreement was reached in relation to the DL power allocation for 16-QAM:
	Agreement
Explicit or implicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported.
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS



The agreement related to the Power allocation for DL confirms the data-to-pilot power ratio cases that will be considered, letting open whether to use explicit or implicit signaling on a case-by-case basis
In our view, to define the data-to-power ratios for 16-QAM in DL, the DL power control definitions in LTE (clause 5.2 in 36.213) should be used as baseline. In line with it, the data-to-pilot power ratios for the support of 16-QAM in DL can be described as follows:
First, the NRS EPRE for anchor and non-anchor carriers are assumed to follow the legacy definitions:
· Anchor Carrier:
NRS EPRE = nrs-power (configured in SIB2-NB, cell specific).

· Carrier specific NRS EPRE:
NRS EPRE = nrs-power + nrs-powerOffsetNonAnchor (configured in Msg4 and SIB22-NB, carrier specific).

· Stand-alone and Guard-band deployments:
· Type A refers to the NPDSCH symbols without NRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
· Type B refers to the NPDSCH symbols with NRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]

Where:
		ρ_a = PA [dB]
PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,)
[bookmark: _Toc61448935]For Stand-alone and Guard-band deployments, the power ratios of NPDSCH EPRE to NRS EPRE are as in LTE defined in terms of the following types:
[bookmark: _Toc61448936]Type A, NPDSCH in symbols without NRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
[bookmark: _Toc61448937]Type B, NPDSCH in symbols with NRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]
[bookmark: _Toc61448938]Where:
[bookmark: _Toc61448939]ρ_a = PA [dB]
[bookmark: _Toc61448940]PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,)

· In-band deployments:
· Type A refers to the NPDSCH symbols without NRS and without CRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
· Type B refers to the NPDSCH symbols with NRS and without CRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]
· Type C refers to the NPDSCH symbols without NRS and with CRS: NPDSCH EPRE = NRS EPRE + ρ_c [dB]

Where:
		ρ_a = PA [dB]
PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,)
PC is an index that refers to the linear ratio between ρ_c and ρ_a (i.e.,)
[bookmark: _Toc61448941]For In-band deployments, the power ratios of NPDSCH EPRE to NRS EPRE are as in LTE defined in terms of the following types:
[bookmark: _Toc61448942]Type A, NPDSCH in symbols without NRS and CRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
[bookmark: _Toc61448943]Type B, NPDSCH in symbols with NRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]
[bookmark: _Toc61448944]Type C, NPDSCH in symbols with CRS: NPDSCH EPRE = NRS EPRE + ρ_c [dB]
[bookmark: _Toc61448945]Where:
[bookmark: _Toc61448946]ρ_a = PA [dB]
[bookmark: _Toc61448947]PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,)
[bookmark: _Toc61448948]PC is an index that refers to the linear ratio between ρ_c and ρ_a (i.e.,)

Using the above terminology, in terms of signalling the following alternatives are foreseen:
· Alterative 1: ρ_a , ρ_b and  ρ_c are configured as UE specific, and signalled to the UE.
· [bookmark: _Hlk59635182]Alterative 2: PA is configured as UE specific, while PB and PC are configured as cell specific, and signalled to the UE. 
· Alterative 3: PA is configured as UE specific, while PB and PC are configured as carrier specific, and signalled to the UE. 
· Alterative 4: PA is configured as UE specific, PB is configured as either cell specific or carrier specific, and signalled to the UE, while PC is not signalled to UE. In this case, for in-band deployment, Type C NPDSCH EPRE can be calculated based on nrs-CRS-PowerOffset and some pre-defined assumption.

In our view, configuring PA as UE specific and both PB and PC as cell specific (i.e., Alternative 2) seems to be a suitable approach relying on the following inherent NB-IoT aspects:
· All unicast transmissions for one UE will only go on one NB-IoT carrier, either anchor or non-anchor carrier, no matter how many anchors configured within the NB-IoT cell. 
· Due that RRC is needed when the UE is redirected to another carrier then such a reconfiguration can be used to update PA if needed.

With Alternative 2, if at a given point in time a different PB were required on a non-anchor carrier, due that the UE is active on one carrier at a time the UE specific parameter PA can be updated to adjust type B NPDSCH EPRE since PB is the ratio of ρ_b and ρ_a. The way in which Alternative 2 updates PB and PC is expected to provide signaling savings over other Alternatives (e.g., in which all PA, PB, PC use UE specific signaling). Moreover, with Alternative 2 if at some point the UE were back to use only the anchor carrier, then via RRC the parameter PA would be updated to suit the conditions of that carrier.
[bookmark: _Toc61448949]Explicit signaling of the power ratios NPDSCH EPRE to NRS EPRE is used as follows:
[bookmark: _Toc61448950]Type A, NPDSCH in symbols without NRS and CRS: PA is configured as UE specific
[bookmark: _Toc61448951]Type B, NPDSCH in symbols with NRS: PB is configured as cell specific.
[bookmark: _Toc61448952]Type C, NPDSCH in symbols with CRS (only for “In-band” deployment): PC is configured as cell specific.
[bookmark: _Toc61448953]	RAN2 to decide the messages used to carry the UE specific (e.g., Msg4) and cell specific signalling (e.g., Msg4 and SIB22-NB).
2.5	Soft-Buffer size for the support of 16-QAM in DL
The WID’s objective states “For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2”. In relation to it, in RAN1 #103-e the following agreements were reached:
	Agreement
At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is 4968 bits with ISF=7.
Agreement
For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).




In relation to it, in this section we elaborate on the foreseen required updates for the soft-buffer size. Table 4.1C-1 from TS 36.306 contains the total number of soft channel bits required today [7]:
Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112

	Category NB2 
	2536
	2536
	6400



If the current soft buffer-size is simply scaled-up according to the larger TBS, the following number of soft channel bits would be required:
(((4968)(6400)))⁄2536=12538 soft channel bits.						(1)
In [8], it was mentioned that in Rel-14 the soft-buffer size was calculated using the following equation: “160*NRU*Bits/Sym*#Harqs which is 160*10*2*2=6400.” If in the equation we keep 160 as the max possible usable REs (1 NRS port) in one DL subframe, replace “NRU” by NSF (number of NPDSCH subframes) due that we are referring to DL, and if for the number of HARQ processes (i.e., #Harqs) we assume to have 2, then for the support of 16-QAM in DL the total number of soft channel bits required would be: 
160*NRU*Bits/Sym*#Harqs = 160*(10)*(4)*(2) =12800 soft channel bits.			(2)
The estimate provided by equation (2) reflects that for the support of 16-QAM in DL we need to double the total number of soft channel bits with respect to what is today captured in Table 4.1C-1 for a Category NB2 UE.
[bookmark: _Toc61448954]For the support of 16-QAM in DL, the total number of soft channel bits is doubled with respect to what is today in TS 36.306 Table 4.1C-1 for a Category NB2 UE. That is, 12800 is the total number of channel bits for a Category NB2 UE supporting 16-QAM in DL.
3	Support for 16-QAM for unicast in UL
3.1	TBS/MCS table to support 16QAM in UL
For the support of 16-QAM in UL, the Work Item Description (WID) is more restrictive than in DL since it states: “For UL, the maximum TBS is not increased”. In relation with the above, a Cat-NB2 device can support in UL a TBS up to 2536 bits.
In RAN1 #103-e, the following Working Assumption was made in relation to the TBS/MCS table design to support 16-QAM in UL [2]:
	Working Assumption 
The following TBS indices are introduced for uplink
	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	

	16
	328
	632
	968
	1288
	1608
	1928
	2536
	

	17
	336
	696
	1064
	1416
	1800
	2152
	
	

	18
	376
	776
	1160
	1544
	1992
	2344
	
	

	19
	408
	840
	1288
	1736
	2152
	2536
	
	

	20
	440
	904
	1384
	1864
	2344
	
	
	

	21
	488
	1000
	1480
	1992
	2536
	
	
	







In the subsections below, we discuss the Working Assumption first for the support of multi-tone transmission with 12 subcarriers, and thereafter 6 and 3 subcarriers respectively.
3.1.1	16-QAM in UL for Multi-tone transmission with 12 subcarriers (Full-PRB allocation)
In relation with the Working Assumption for UL, Figure 3 shows the performance of all the TBS entries intended to be used for 16-QAM with a 12 subcarriers allocation (i.e., Full PRB allocation) at 10% BLER.
[image: ]
[bookmark: Figure_3]Figure 3: 10% BLER for all TBS entries intended to be used for 16-QAM in UL with a 12 subcarriers allocation (i.e., Full PRB allocation).
The evaluation in Figure 3 doesn’t show any performance issue, which indicates that the Working Assumption for UL can be confirmed from the perspective of supporting a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448907]Based on simulation results the Working Assumption for UL can be confirmed supporting a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448955][bookmark: _Hlk58501397]Confirm the Working Assumption for UL to support a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1.
The confirmation of the Working Assumptions made in RAN1#103-e for UL, together with preserving all the legacy TBS entries used for QPSK would assemble the full TBS/MCS table to support 12 subcarriers using 16-QAM for NPUSCH Format 1 as follows:
	Table 5: TBS/MCS Table for 16-QAM in UL to support 12 subcarriers using 16-QAM for NPUSCH Format 1.

	Table 5a: All legacy TBS entries for QPSK together with the 16-QAM TBS entries following the confirmation of the Working Assumption for UL. It is worth noting that the TBS entry 2536 has been used three times in working assumption, in two occasions (ITBS = 16 with 8 RUs, and ITBS = 19 with 6 RUs) to replace transport block sizes that would exceed the max Rel-16 TBS, and in one occasion to transmit the max Rel-16 TBs with half of the time domain resources (ITBS = 21 with 5 RUs)
	Modulation 
Scheme
	[image: ]
	Number of RUs

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808
	1000

	
	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	
	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	
	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	
	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	
	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
16-QAM
	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	- 

	
	16
	328
	632
	968
	1288
	1608
	1928
	2536
	-

	
	17
	336
	696
	1064
	1416
	1800
	2152
	-
	-

	
	18
	376
	776
	1160
	1544
	1992
	2344
	-
	-

	
	19
	408
	840
	1288
	1736
	2152
	2536
	-
	-

	
	20
	440
	904
	1384
	1864
	2344
	-
	-
	-

	
	21
	488
	1000
	1480
	1992
	2536
	-
	-
	-



	Table 5b: Achievable Code Rates of TBS/MCS table for 16-QAM in UL.




	Number of RUs

	1
	2
	3
	4
	5
	6
	8
	10

	0.14
	0.10
	0.090
	0.10
	0.10
	0.10
	0.10
	0.10

	0.17
	0.14
	0.13
	0.15
	0.14
	0.13
	0.12
	0.13

	0.19
	0.17
	0.19
	0.17
	0.16
	0.16
	0.15
	0.16

	0.22
	0.22
	0.23
	0.20
	0.19
	0.20
	0.20
	0.21

	0.28
	0.25
	0.27
	0.24
	0.24
	0.25
	0.25
	0.24

	0.33
	0.29
	0.29
	0.31
	0.31
	0.31
	0.31
	0.31

	0.39
	0.35
	0.32
	0.36
	0.37
	0.36
	0.36
	0.36

	0.44
	0.43
	0.41
	0.43
	0.42
	0.43
	0.44
	0.43

	0.50
	0.49
	0.48
	0.49
	0.49
	0.48
	0.49
	0.49

	0.56
	0.56
	0.56
	0.56
	0.56
	0.56
	0.56
	0.54

	0.58
	0.61
	0.61
	0.61
	0.62
	0.59
	0.61
	0.61

	0.69
	0.69
	0.70
	0.69
	0.71
	0.70
	0.71
	0.71

	0.81
	0.81
	0.81
	0.89
	0.80
	0.80
	0.79
	0.80

	0.86
	0.89
	0.89
	0.92
	0.89
	0.91
	0.89
	0.89

	0.49
	0.50
	0.50
	0.50
	0.50
	0.51
	0.50
	- 

	0.53
	0.54
	0.54
	0.54
	0.54
	0.53
	0.54
	- 

	0.61
	0.57
	0.57
	0.57
	0.57
	0.56
	0.56
	-

	0.63
	0.63
	0.63
	0.63
	0.63
	0.63
	-
	-

	0.69
	0.69
	0.69
	0.68
	0.70
	0.69
	-
	-

	0.75
	0.75
	0.76
	0.76
	0.76
	0.74
	-
	-

	0.81
	0.81
	0.81
	0.82
	0.82
	-
	-
	-

	0.89
	0.89
	0.87
	0.88
	0.89
	-
	-
	-






Subject to the confirmation of the working assumption for UL, the next step is to find out the breaking point for transitioning from QPSK to 16-QAM. The Working Assumption for UL intends to use for a 12-subcarrier allocation all TBS entries encompassed from ITBS 14 index to ITBS index 21. That is, the last ITBS index used by QPSK would be ITBS = 13 whereas the first ITBS index used by 16-QAM would be ITBS = 14. In order to know the suitability of such a breaking point, we evaluated the average SINR difference between those ITBS indices:
· ITBS14_16QAMavg-to-ITBS13_QPSKavg = abs(3.54 dB – 3.69 dB) ⁓ 0.15 dB.
where:
ITBS14_16QAMavg and ITBS13_QPSKavg refer to the average SINR across all the TBS entries in the rows associated to ITBS 14 for 16-QAM and ITBS 13 for QPSK respectively.

The resulting average SINR difference between ITBS = 13 which uses QPSK and ITBS = 14 which uses 16-QAM resulted to be smaller than 1 dB (⁓ 0.15 dB), hence is suitable to have as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM.
[bookmark: _Toc61448956]The TBS/MCS Table for 16-QAM in UL to support a 12-subcarrier allocation uses as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM. 
[bookmark: _Toc61448957]In line with the Working Assumption for UL, the TBS/MCS Table to support a 12-subcarrier allocation using 16-QAM with NPUSCH Format 1 is as follows:
	.Modulation Scheme
	[image: ]
	Number of RUs

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK only

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808
	1000

	
	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	
	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	
	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	
	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	
	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
16-QAM only
	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	- 

	
	16
	328
	632
	968
	1288
	1608
	1928
	2536
	-

	
	17
	336
	696
	1064
	1416
	1800
	2152
	-
	-

	
	18
	376
	776
	1160
	1544
	1992
	2344
	-
	-

	
	19
	408
	840
	1288
	1736
	2152
	2536
	-
	-

	
	20
	440
	904
	1384
	1864
	2344
	-
	-
	-

	
	21
	488
	1000
	1480
	1992
	2536
	-
	-
	-



3.1.2	16-QAM in UL for Multi-tone transmission with 6 subcarriers
Although resource allocations smaller than 12 subcarriers are mainly targeted towards low SNR regimes (especially single-tone allocations), still there are scenarios (e.g., NPRACH and NPUSCH allocation coexisting within a PRB) where multi-tone allocations could benefit from higher order modulation. Thus, it is recommended to support 16-QAM in UL for both full-PRB allocations (i.e., 12 allocated subcarriers) and multi-tone allocations consisting of 6 and 3 allocated subcarriers. In line with it, in RAN1 #103-e the potential support of 6 and 3 allocated subcarriers for 16-QAM was considered through the following: “FFS: 3 and 6 subcarriers.”
[bookmark: _Toc61448908]Although 16-QAM requires a high SNR and resource allocations < 12 subcarriers are mainly targeted towards low SNR regimes (especially single-tone allocations), still there are scenarios (e.g., NPRACH and NPUSCH coexistence) where multi-tone allocations could benefit from a higher order modulation. 
Using the Working Assumption for UL, Figure 4 shows the performance of all the TBS entries intended to be used for 16-QAM this time for 6 subcarriers allocation at 10% BLER.
[image: ]
[bookmark: Figure_4]Figure 4: 10% BLER for all TBS entries intended to be used for 16-QAM in UL for 6 subcarriers allocation.
The evaluation in Figure 4 doesn’t show any performance issue, which indicates that the Working Assumption for UL can be confirmed from the perspective of supporting a 6-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448909]Based on simulation results the Working Assumption for UL can be confirmed supporting a 6-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448958]Confirm the Working Assumption for UL to support a 6-subcarrier allocation using 16-QAM for NPUSCH Format 1.
The Working Assumption for UL intends to use for 16-QAM in UL all TBS entries encompassed from ITBS 14 index to ITBS index 21 which as shown in figure 4 is suitable for a 6-subcarrier allocation. That is, the last ITBS index used by QPSK would be ITBS = 13 whereas the first ITBS index used by 16-QAM would be ITBS = 14. In order to know the suitability of such a breaking point, we evaluated the average SINR difference between those ITBS indices:
· ITBS14_16QAMavg-to-ITBS13_QPSKavg = abs(3.65 dB – 3.69 dB) ⁓ 0.04 dB.
where:
ITBS14_16QAMavg and ITBS13_QPSKavg refer to the average SINR across all the TBS entries in the rows associated to ITBS 14 for 16-QAM and ITBS 13 for QPSK respectively.

The resulting average SINR difference between ITBS = 13 which uses QPSK and ITBS = 14 which uses 16-QAM resulted to be close to 0 dB (⁓ 0.04 dB), which seems to reflect a smoother transition when having as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM.
[bookmark: _Toc61448959]The TBS/MCS Table and breaking point used to support a 12-subcarrier allocation is also used to support a 6-subcarrier allocation using 16-QAM with NPUSCH Format 1.
3.1.3	16-QAM in UL for Multi-tone transmission with 3 subcarriers
Using the Working Assumption for UL, Figure 5 shows the performance of all the TBS entries intended to be used for 16-QAM this time for 3 subcarriers allocation at 10% BLER.
[image: ]
[bookmark: Figure_5]Figure 5: 10% BLER for all TBS entries intended to be used for 16-QAM in UL for 3 subcarriers allocation.
The evaluation in Figure 5 doesn’t show any performance issue, which indicates that the Working Assumption for UL can be confirmed from the perspective of supporting a 3-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448910]Based on simulation results the Working Assumption for UL can be confirmed supporting a 3-subcarrier allocation using 16-QAM for NPUSCH Format 1.
[bookmark: _Toc61448960]Confirm the Working Assumption for UL to support a 3-subcarrier allocation using 16-QAM for NPUSCH Format 1.
The Working Assumption for UL intends to use for 16-QAM in UL all TBS entries encompassed from ITBS 14 index to ITBS index 21 which as shown in figure 5 is suitable for a 3-subcarrier allocation. That is, the last ITBS index used by QPSK would be ITBS = 13 whereas the first ITBS index used by 16-QAM would be ITBS = 14. In order to know the suitability of such a breaking point, we evaluated the average SINR difference between those ITBS indices:
· ITBS14_16QAMavg-to-ITBS13_QPSKavg = abs(3.86 dB – 3.69 dB) ⁓ 0.17 dB.
where:
ITBS14_16QAMavg and ITBS13_QPSKavg refer respectively to the average SINR across all the TBS entries in the rows associated to ITBS 14 for 16-QAM and ITBS 13 for QPSK.

The resulting average SINR difference between ITBS = 13 which uses QPSK and ITBS = 14 which uses 16-QAM resulted to be less than 1 dB (⁓ 0.17 dB), hence it seems suitable to use as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM.
[bookmark: _Toc61448961]The TBS/MCS Table and breaking point used to support a 12-subcarrier allocation is also used to support a 3-subcarrier allocation using 16-QAM with NPUSCH Format 1.
	Conclusion
In the previous sections we made the following observations for the support of 16-QAM for unicast in UL and DL for NB-IoT:
Observation 1	Based on simulation results the second Working Assumption referring to the use of TBS entries encompassed by ITBS indices between 14 and 21 can be confirmed from a stand-alone/guard-band deployments perspective.
Observation 2	Based on simulation results the second Working Assumption referring to the use of TBS entries encompassed by ITBS indices between 11 and 17 can be confirmed from an in-band deployment perspective.
Observation 3	The use-case for supporting 2 repetitions in DL was claimed “to increase data rate for UEs that may not have sufficient SNR to use 16QAM”. Looking at the TBS Table under WA, only the largest TBS entries may be the use-case for it since for the other TBS entries there are alternative TBS entries using QPSK with 1 repetition which will require less sinr.
Observation 4	According with simulations using 16-QAM with 2 repetitions, for the largest TBS entries the required sinr is in the range from ⁓ 6.45 dB to ⁓ 10.43 dB, which doesn’t seem to be sufficiently small as to suit a scenario where the UE doesn’t have sufficient SNR to use 16-QAM.
Observation 5	Based on simulation results the Working Assumption for UL can be confirmed supporting a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1.
Observation 6	Although 16-QAM requires a high SNR and resource allocations < 12 subcarriers are mainly targeted towards low SNR regimes (especially single-tone allocations), still there are scenarios (e.g., NPRACH and NPUSCH coexistence) where multi-tone allocations could benefit from a higher order modulation.
Observation 7	Based on simulation results the Working Assumption for UL can be confirmed supporting a 6-subcarrier allocation using 16-QAM for NPUSCH Format 1.
Observation 8	Based on simulation results the Working Assumption for UL can be confirmed supporting a 3-subcarrier allocation using 16-QAM for NPUSCH Format 1.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the Working Assumption referring to TBS indices to be introduced for downlink, including the following resolution on the TBS entries surrounded by brackets:
	To avoid a performance crossing issue, between [328, 296] the TBS = 296 bits is selected.
	To avoid a performance overlapping issue, between [552, 536] the TBS = 536 bits is selected, and
	To transmit the max Rel-16 TBS with half of the time domain resources, between [2472, 2536] the TBS = 2536 bits is selected. Note: The WA on the TBS Table for UL accounts for this exact change, which is an ability that DL should also have.
Proposal 2	Confirm the Working Assumption referring to the use of 16-QAM for the TBS entries encompassed by ITBS indices between 14 and 21 for stand-alone and guard-band deployments.
Proposal 3	The TBS/MCS Table for stand-alone and guard-band deployments uses as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for 16-QAM.
Proposal 4	In line with the Working Assumptions, the TBS/MCS Table to support 16-QAM in DL for stand-alone and guard-band deployments is as follows:
	Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	

16-QAM
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	
	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	
	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	
	21
	488
	1000
	1480
	1992
	2536
	2984
	4008
	4968



Proposal 5	Confirm the Working Assumption referring to the use of 16-QAM for the TBS entries encompassed by ITBS indices between 11 and 17 for the in-band deployment.
Proposal 6	The TBS/MCS Table for in-band deployments uses as breaking point ITBS = 10 as last ITBS index for QPSK and ITBS = 11 as first ITBS index for16-QAM.
Proposal 7	In line with the Working Assumptions, the TBS/MCS Table to support 16-QAM in DL for in-band deployments is as follows:
	.Modulation Scheme
	[image: ]
	Number of NPDSCH Subframes (NSF)

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK only

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	
	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	
	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	
	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	



16-QAM only
	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	
	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	
	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	
	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	
	18
	-
	-
	-
	-
	-
	-
	-
	-

	
	19
	-
	-
	-
	-
	-
	-
	-
	-

	
	20
	-
	-
	-
	-
	-
	-
	-
	-

	
	21
	-
	-
	-
	-
	-
	-
	-
	-



Proposal 8	Analyse the required sinr range for the use-case(s) of using 16-QAM with 2 repetitions as to determine its suitability. Discuss potential impacts on the channel quality reporting if the 2 repetitions case for 16-QAM were supported.
Proposal 9	The CQI reporting definition to support 16-QAM in DL is as in clause 7.2.3 of TS 36.213 for LTE-MTC with the corresponding updates to adapt it to NB-IoT.
Proposal 10	The three unused entries in the legacy CQI mapping Table in clause 9.1.22.15 of TS 36.213 (i.e., Table 9.1.22.15-1) are used for the CQI reporting of 16-QAM in DL.
-	The NPDCCH and NPDSCH repetition level is equal to 1.
o	candidateRep-M is reported when the SINR is suitable for 16-QAM with ITBS =A/D.
	FFS: A for stand-alone and guard-band deployments, and D for in-band deployments.
o	candidateRep-N is reported when the SINR is suitable for 16-QAM with ITBS =B/E.
	FFS: B for stand-alone and guard-band deployments, and E for in-band deployments.
o	candidateRep-O is reported when the SINR is suitable for 16-QAM with ITBS =C/F.
	FFS: C for stand-alone and guard-band deployments, and F for in-band deployments.
Proposal 11	For Stand-alone and Guard-band deployments, the power ratios of NPDSCH EPRE to NRS EPRE are as in LTE defined in terms of the following types:
Type A, NPDSCH in symbols without NRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
Type B, NPDSCH in symbols with NRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]
Where:
ρ_a = PA [dB]
PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,) 
Proposal 12	For In-band deployments, the power ratios of NPDSCH EPRE to NRS EPRE are as in LTE defined in terms of the following types:
Type A, NPDSCH in symbols without NRS and CRS: NPDSCH EPRE = NRS EPRE + ρ_a [dB]
Type B, NPDSCH in symbols with NRS: NPDSCH EPRE = NRS EPRE + ρ_b [dB]
Type C, NPDSCH in symbols with CRS: NPDSCH EPRE = NRS EPRE + ρ_c [dB]
Where:
ρ_a = PA [dB]
PB is an index that refers to the linear ratio between ρ_b and ρ_a (i.e.,)
PC is an index that refers to the linear ratio between ρ_c and ρ_a (i.e.,)
Proposal 13	Explicit signaling of the power ratios NPDSCH EPRE to NRS EPRE is used as follows:
Type A, NPDSCH in symbols without NRS and CRS: PA is configured as UE specific
Type B, NPDSCH in symbols with NRS: PB is configured as cell specific.
Type C, NPDSCH in symbols with CRS (only for “In-band” deployment): PC is configured as cell specific.
RAN2 to decide the messages used to carry the UE specific (e.g., Msg4) and cell specific signalling (e.g., Msg4 and SIB22-NB).
Proposal 14	For the support of 16-QAM in DL, the total number of soft channel bits is doubled with respect to what is today in TS 36.306 Table 4.1C-1 for a Category NB2 UE. That is, 12800 is the total number of channel bits for a Category NB2 UE supporting 16-QAM in DL.
Proposal 15	Confirm the Working Assumption for UL to support a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1.
Proposal 16	The TBS/MCS Table for 16-QAM in UL to support a 12-subcarrier allocation uses as breaking point ITBS = 13 as last ITBS index for QPSK and ITBS = 14 as first ITBS index for16-QAM.
Proposal 17	In line with the Working Assumption for UL, the TBS/MCS Table to support a 12-subcarrier allocation using 16-QAM with NPUSCH Format 1 is as follows:
	.Modulation Scheme
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	Number of RUs

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	






QPSK only

	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808
	1000

	
	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	
	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	
	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	
	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	
	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	
	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	
	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	
16-QAM only
	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	
	15
	280
	600
	904
	1224
	1544
	1800
	2472
	- 

	
	16
	328
	632
	968
	1288
	1608
	1928
	2536
	-

	
	17
	336
	696
	1064
	1416
	1800
	2152
	-
	-

	
	18
	376
	776
	1160
	1544
	1992
	2344
	-
	-

	
	19
	408
	840
	1288
	1736
	2152
	2536
	-
	-

	
	20
	440
	904
	1384
	1864
	2344
	-
	-
	-

	
	21
	488
	1000
	1480
	1992
	2536
	-
	-
	-



Proposal 18	Confirm the Working Assumption for UL to support a 6-subcarrier allocation using 16-QAM for NPUSCH Format 1.
Proposal 19	The TBS/MCS Table and breaking point used to support a 12-subcarrier allocation is also used to support a 6-subcarrier allocation using 16-QAM with NPUSCH Format 1.
Proposal 20	Confirm the Working Assumption for UL to support a 3-subcarrier allocation using 16-QAM for NPUSCH Format 1.
Proposal 21	The TBS/MCS Table and breaking point used to support a 12-subcarrier allocation is also used to support a 3-subcarrier allocation using 16-QAM with NPUSCH Format 1.
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Figure A.1: For stand-alone and guard-band deployments using 16-QAM, the legacy LTE TBS = 552 bits and TBS = 328 bits cause in NB-IoT a performance overlapping and crossing issue respectively (See dotted circles).
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Figure A.2: BLER performance for 16-QAM in DL using 2 repetitions.

	16-QAM TBS entries
	BLER performance for 16-QAM using 2 repetitions

	
	I_tbs
	Number of NPDSCH Subframes (NSF)

	
	1
	2
	3
	4
	5
	6
	8
	10

	14
	256
	536
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	344
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	2536
	2984
	4008
	4968



	
	I_tbs
	Number of NPDSCH Subframes (NSF)

	
	1
	2
	3
	4
	5
	6
	8
	10

	14
	4.46
	5
	5.68
	6.27
	5.71
	6.11
	6.57
	6.45

	15
	5.1
	5.58
	5.85
	6.27
	6.2
	6.09
	6.76
	6.89

	16
	5.98
	5.97
	6.45
	6.38
	6.68
	6.5
	7.09
	7.18

	17
	6.23
	6.63
	7.27
	7.04
	7.23
	7.79
	7.62
	7.79

	18
	7.02
	7.39
	7.46
	7.53
	7.93
	8.02
	8.13
	8.37

	19
	7.7
	8.16
	8.36
	8.6
	8.89
	8.84
	9.05
	8.92

	20
	8.43
	8.79
	9.33
	9.27
	9.46
	9.6
	9.63
	9.66

	21
	9.66
	10.01
	9.79
	9.99
	10.38
	10.17
	10.35
	10.43
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