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Introduction
[bookmark: _Ref481671177]NB-IoT is in many markets replacing GSM/GPRS for IoT usage. Requirements are diverse and while NB-IoT meet some part of requirements well (e.g. for stationary meters), others need enhancement, in particular: 
· Tracker application reporting at high rate, e.g. once/s, once/2s.
· File download
· Media applications, e.g. kids toy with audio, smart home VAD (Voice Assistant Device) 
NB-IoT often provides worse real time characteristics than GSM GPRS. For interactive embedded UEs this is problematic. For example, sales or payment terminal (a high volume application).  Examples of IoT application that demand higher NB-IoT data rates are given in Table 1. Examples of IoT application that demand lower NB-IoT latency are given in Table 2.
	Applications 
	Description
	Data Rates 

	FOTA 
	Software upgrade 
	250 kbps~300 kbps

	Health/fitness
	Heartbeat monitoring
	192 kbps~256 kbps

	Smart home VAD 
(Voice Assistant Device) 
	Voice command for remote control 
	200 kbps


Table 1: IoT applications that demand higher NB-IoT data rate

	Applications 
	Latency Requirement 

	POS (point of sale) Machine 
	500 ms ~ few sec

	Smart Grid Demand Response
	500 ms

	Smart Door (lock/unlock)
	600 ms


Table 2: IoT applications that demand lower NB-IoT latency
Support of 16QAM in NB-IoT will likely result in a new UE category Cat NB3 and that fits evolution of NB-IoT product to extend market opportunities. It is expected that the additional hardware complexity will not add significantly to the cost of the NB-IoT UE, and that Cat NB3 could in time be absorbed into the hardware evolution of all vendors.
In this contribution it is proposed to increase the NB-IoT device data rates by use of 16QAM modulation to 248.4 kbps from 126.8 kbps for DL and to 310.5 kbps from 158.5 kbps for UL. The following mechanisms are proposed to be introduced
· New MCS Table
· EVM requirements for 16QAM 

Analysis
The theoretical peak data rate for Rel-14 2 HARQ with TBS 2536 bits for non-anchor carrier in standalone mode for the DL and UL peak data rate is summarized in Table 3. 
	R14 stand alone, non-anchor carrier
	DL
	UL

	Peak data rate
	126.8 kbps
	158.5 kbps


Table 3: R14 peak data rate for non-anchor carrier in standalone mode
· DL peak data rate analysis for 16QAM 
To support 16QAM, the TBS tables for NPDSCH and NPUSCH are extended. Table 4 gives an example to specify the NPDSCH TBS extension by adding TBS index ITBS 14 to ITBS 21 (highlighted in yellow) for 16QAM and to have max DL TBS 4968 bits. Then, without changing the HARQ RTT and scheduling delay timing relationship specified in R14, the DL peak data rate can achieve 248.4 kbps as analysed in Table 5, which almost doubles the DL peak data rate as compared to R14. Note that Rmax=4 and G=2 are assumed, which are the same settings as the R14 peak data rate analysis. 

	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	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 

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328
	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
	2984
	4008
	4968


Table 4: Transport block size (TBS) table to support 16QAM for NPDSCH


Table 5: DL peak data rate for 16QAM with max TBS 4968 bits
· UL data rate analysis for 16QAM 
Similarly, to extend the NPUSCH TBS by adding TBS index ITBS 14 to ITBS 21 (highlighted in green) to support 16QAM and to have max UL TBS 4968 bits as illustrated in Table 6, the UL peak data rate can achieve 310.5 kbps, without changing the HARQ RTT and scheduling delay timing relationship specified in R14. The peak data rate analysis is given in Table 7. 
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	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 

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328
	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
	2984
	4008
	4968


Table 6: Transport block size (TBS) table to support 16QAM for NPUSCH



Table 7: UL peak data rate for 16QAM with max TBS 4968 bits
In TS 36.101 section 6.5.2F.1, it is stated that the RMS average of the basic EVM measurements for 240/LCtone slots excluding any transient period for the average EVM case, where LCtone = {1, 3, 6, 12} is the number of subcarriers for the category NB1 and NB2 transmission, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, both NPRACH formats are considered to have the same EVM requirement as QPSK modulated. Hence, we propose that the EVM requirements for LTE 16QAM as specified in TS 36.101 in Table 6.5.2.1.1-1  can be used for NB-IoT 16QAM. 
TS 36.101 Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8
	8

	256 QAM
	%
	3.5
	3.5



TS 36.101 Table 6.5.2.1.1-2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 -40

	UE Output Power for 256 QAM
	dBm
	 -30

	Operating conditions
	
	Normal conditions



Proposal 1: Introduce support of higher order modulation 16QAM for PDSCH and PUSCH in NB-IoT by means of
· New TBS table in 36.213
· Not exceeding EVM requirements in TS 36.101 Table 6.5.2.1.1-1 and Table 6.5.2.1.1-2  


Conclusion
In this contribution, we discussed the benefits of higher order modulation 16QAM for IoT application typically requiring higher data rates and proposed the specification of mechanisms to support 16QAM in NB-IoT.
[bookmark: _GoBack]Proposal 1: Introduce support of higher order modulation 16QAM for PDSCH and PUSCH in NB-IoT by means of
· New TBS table in 36.213
· Not exceeding EVM requirements in TS 36.101 Table 6.5.2.1.1-1 and Table 6.5.2.1.1-2  
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