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1	Introduction
In the last RAN4 meeting, the performance part of NB-IoT was discussed based on the WID of Rel-17 additional enhancements for NB-IoT and eMTC WI. The related agreement was captured in the WF [2] as
	· Define NUSCH format1 requirements with 16QAM and single-TB scheduling
· Test parameters
· Number of antennas: 1T2R
· Frequency offset and time offset: No frequency offset and timing offset considered
· Propagation conditions: ETU 1Hz Low
· Repetition
· Option 1: 3,6,12 tones
· Option 2: 12 tones
· Number of scheduled RUs and TBS
· Option 1: (IRU, ITBS)=(0,15), TBS=280 bits
· Option 2: (IRU, ITBS)=(3,19), TBS=1736 bits
· Option 3: (IRU, ITBS)=(0,14), TBS=256 bits
· Other options are not precluded
· Interested companies are welcome to bring simulation results for next meeting and select one based on the evaluation results in the next meeting.



In this contribution, the general view on the test setup for NB-IoT with 16QAM are provided, and initial results are provided to analysis the impact of  IRU, ITBS on 16QAM
2	Discussion
Frequency resource 
Based on RAN1 design, 16QAM can be applied for the basic Rel-13 NPUSCH format1 with 3, 6 and 12 tones transmission. RAN4 has already defined the related requirement for format1 with QPSK.. 
In general, the purpose of 16QAM is to increase the peak date rate while retaining differentiation of LTE-MTC and NB-IoT. It is more benefit to schedule with 16QAM for small number of tones, considering the number of available RE is small for 3 or 6 tones. 
From the typical scenario for 16QAM scheduling, we think small number tones should be prioritized. Since the test purpose is to verify the 16QAM functionality, it may not need to specify the requirements with all the tones. With considering the test complexity, we prefer to specify the requirement with one tone configuration. While, we are also open to further discuss whether all the tones should be considered for requirements. If the requirements for all the tones are introduced, we prefer to define the test applicability rule
Proposal 1: Prioritized the requirement with 3 tones. FFS the test applicability rule if requirements with 3 tone, 6 tone and 12 tones are defined
Simulation assumption.
Regarding the number of RU configured and Index of TBS, from RAN1 aspect, 16QAM is applied for I_TBS from 14 to 21, and applied for I_RU from 0 to 6, the following TBS table can be supported in RAN1. 
Table 1: TBS table for 16QAM
	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6

	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 general, with large number of TBS, the coding rate is large, less coding gain is achieved, and with large number of RU, the related TBS is large and transmission period is long, which will increase the test and simulation time.
In Rel-13, the NPUSCH format1 requirement with both 3.75 KHz and 15KHz SCS were specified, the related FRC was introduced as
Table 2: FRC parameters for NB-IoT NPUSCH format 1
	Reference channel
	A16-1
	A16-2
	A16-3
	A16-4
	A16-5

	Subcarrier spacing (kHz)
	3.75
	15
	15
	15
	15

	Number of allocated subcarriers
	1
	1
	3
	6
	12

	Diversity
	No
	No
	No
	No
	No

	Modulation
	BPSK
	BPSK
	QPSK
	QPSK
	QPSK

	ITBS / IRU
	0 / 1
	0 / 1
	3 / 0
	7 / 0
	9 / 0

	Payload size (bits)
	32
	32
	40
	104
	136

	Allocated resource unit
	2
	2
	1
	1
	1

	Code rate (target)
	1/3
	1/3
	1/3
	1/3
	2/3

	Code rate (effective)

	0.29
	0.29
	0.22
	0.44
	0.56

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1

	Total number of bits per resource unit
	96
	96
	288
	288
	288

	Total symbols per resource unit
	96
	96
	144
	144
	144

	Channel estimation length (ms) Note 1
	16
	4
	4
	4
	2 (when repetition = 2)
4 (when repetition > 2)

	Note 1:	Channel estimation lengths are included in the table for information only.



Observation 1: small number of RU is considered for NPUSCH format1 requirements.
2	Initial simulation results
In this subsection, the performance with different RU and TBS, for different tones are provided.



Figure 1: 10% BLER for all TBS entries intended to be used for 16QAM in UL for 3 subcarriers allocation


Figure 2: 10% BLER for all TBS entries intended to be used for 16QAM in UL for 6 subcarriers allocation

Figure 3: 10% BLER for all TBS entries intended to be used for 16QAM in UL for 12 subcarriers allocation
Observation 2: Minor performance difference with different number of RU configured for 3, 6 and 12 subcarrier allocation.
Observation 3: Similar performance can be achieved for 3, 6 and 12 tones for given the number of RU.
Observation 4: About 0.5dB performance gap compared with I_TBS as 14 and 15 for N_RU=0, and about 3.5dB performance gap compared with (IRU, ITBS) = (0, 14) for (IRU, ITBS) = (3, 19).
In LTE Rel-13, the target SNR with 70%TP without repetition is about -3dB for 3 subcarrier allocation, and about -0.6dB for 12 subcarriers allocation.  To compare with LTE Rel-13 with QPSK, we prefer to choose the small number of I_TBS and I_RU for requirement with 16QAM.
Proposal 2: RAN4 applies (IRU, ITBS) = (0, 14) for NPUSCH format1 requirement with 16QAM
In summary, the following simulation assumption for 16QAM requirement can be considered 
Proposal 3: RAN4 applies the following simulation assumption for NPUSCH format1 requirement with 16QAM

	Parameter
	Value/Description

	Number of antennas
	1T2R

	SCS
	15KHz

	Frequency Resource
	3

	Number of Repetition
	1

	Noise Estimation
	Practical

	Channel Estimation 
	Practical 

	Frequency offset
	0

	Time offset
	0

	I_RU
	0

	I_TBS
	14



3	Conclusion 
In this contribution, the view on the test setup for NPUSCH format 1 with 16QAM was provided.
Proposal 1: Prioritized the requirement with 3 tones. FFS the test applicability rule if requirements with 3 tone, 6 tone and 12 tones are defined
Observation 1: Small number of RU is considered for NPUSCH format1 requirements.
Observation 2: Minor performance difference with different number of RU configured for 3, 6 and 12 subcarrier allocation.
Observation 3: Similar performance can be achieved for 3, 6 and 12 tones for given the number of RU.
Observation 4: About 0.5dB performance gap compared with I_TBS as 14 and 15 for N_RU=0, and about 3.5dB performance gap compared with (IRU, ITBS) = (0, 14) for (IRU, ITBS) = (3, 19).
Proposal 2: RAN4 applies (IRU, ITBS) = (0, 14) for NPUSCH format1 requirement with 16QAM
Proposal 3: RAN4 applies the following simulation assumption for NPUSCH format1 requirement with 16QAM
	Parameter
	Value/Description

	[bookmark: _GoBack]Number of antennas
	1T2R

	SCS
	15KHz

	Frequency Resource
	3

	Number of Repetition
	1

	Noise Estimation
	Practical

	Channel Estimation 
	Practical 

	Frequency offset
	0

	Time offset
	0

	I_RU
	0

	I_TBS
	14
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