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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], including Working Assumptions on the potential TBS/MCS tables to be used in DL and UL which were subject to evaluations. In this contribution we compile altogether the simulation results presented in R1-2101698, which were produced to evaluate the working assumptions from RAN1 #103-e.
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 show the produced simulations on the Working Assumptions for DL 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, for two of them an issue occurs if the largest TBS entry among the two choices is selected:
· ITBS = 16, ISF = 0 → [328, 296]: The simulation results in Figure 0 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 0 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.
[image: ]
Figure 0: 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).
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 (using on the TBS surrounded by brackets: 296 bits, 536 bits and 2536 bits) 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: _Toc61623407]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.
2.1.2	In-band deployments
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”. Figure 2 shows the performance of all the TBS entries encompassed by the ITBS indices between 11 and 17 (using on the TBS surrounded by brackets: 296 bits, and 536 bits) 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.
[bookmark: _Toc61623408]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.
2.2	“One repetition” versus “one and two repetitions” for 16-QAM in DL
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”. 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.
	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





Figure 2a: BLER performance for 16-QAM in DL using 2 repetitions.
According with our simulation results for 16-QAM with 2 repetitions, 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: _Toc61623409]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.
3	Support for 16-QAM for unicast in UL
3.1	TBS/MCS table to support 16QAM in UL
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 show the produced simulations on the Working Assumptions for UL 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).
[bookmark: _Toc61623410]Based on simulation results the Working Assumption for UL can be confirmed supporting a 12-subcarrier allocation using 16-QAM for NPUSCH Format 1
3.1.2	16-QAM in UL for Multi-tone transmission with 6 subcarriers
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.
[bookmark: _Toc61623411]Based on simulation results the Working Assumption for UL can be confirmed supporting a 6-subcarrier allocation using 16-QAM for 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: _Toc61623412]Based on simulation results the Working Assumption for UL can be confirmed supporting a 3-subcarrier allocation using 16-QAM for 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	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 4	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 5	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 6	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: _In-sequence_SDU_delivery]
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