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In [1], we provided the ideal NPUSCH Format 1 simulation results based on the agreed simulation assumptions. In this paper, we further provide the updated ideal NPUSCH Format 1 simulation results as well as the practical simulation results with implementation margin for NPUSCH Format 1.
Simulation Assumptions
For the NPUSCH format 1, RAN4 agreed in RAN4#80 the updated NPUSCH simulation assumptions as shown in the following tables [2]. 
Table 2-1: Simulation assumption for NPUSCH format 1
	Simulation number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level

	Number of tones
	Modulation
(Note 4)
	RFC
	Propagation Condition
	Antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	1
	180KHz
	Single
	3.75KHz
	1,16,64
	1
	 BPSK
	R.NB3-1
	ETU1
	1x 2
	[70%]
	TBD

	2
	180KHz
	Single
	15KHz
	1,16,64
	1
	 [BPSK] 
	R.NB3-2 
	ETU1
	1 x 2
	[70%]
	TBD

	3
	180KHz
	Multi-tone
	15KHz
	2,16,64
	12
	QPSK
	R.NB3-7
	ETU1
	1 x 2
	[70%]
	TBD

	4
	180KHz
	Multi-tone
	15KHz
	2,16,64
	6
	QPSK
	R.NB3.6
	ETU1
	1 x 2
	[70%]
	TBD

	5
	180KHz
	Multi-tone
	15KHz
	2,16,64
	3
	QPSK
	R.NB3.5
	ETU1
	1 x 2
	[70%]
	TBD

	Note 1: Assume the frequency offset value is [0] and channel estimation lengths are 16ms for 3.75kHz and 4ms for 15kHz. For case 3 with repetition level 2, use 2ms channel estimation length. 
Note 2: Assume HARQ retransmission RV0 or RV2, refer to RAN1 spec TS 36.213
Note 3: Interesting companies are encouraged to provide the simulation results in the next RAN4 meeting for all the scenarios if they can.
Note 4: see TS36.211 Clause 10.1 for the detailed modulation



Table 2-2 FRC parameters for NPUSCH for single tone
	Reference channel
	R.NB3-1
	R.NB3-2

	Sub-carrier spacing (kHz)
	3.75
	15

	Number of tone
	1
	1

	Diversity
	No
	No

	Modulation
	BPSK
	BPSK

	IMCS / IRU
	0 / 1
	0 / 1

	Payload size (bits)
	32 
	32

	Allocated resource unit
	2
	2

	Code rate (target)
	1/3
	1/3

	Code rate (effective)

	0.29
	0.29

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Total number of bits per resource unit
	96
	96

	Total symbols per resource unit
	96
	96

	Maximum number of transmissions
	[4]
	[4]



Table 2-3 FRC parameters for NPUSCH for multi-tone
	Reference channel
	R.NB3-5
	R.NB3-6
	R.NB3-7

	Sub-carrier spacing (kHz)
	15
	15
	15

	Number of tone
	3
	6
	12

	Diversity
	No
	No
	No

	Modulation
	QPSK
	QPSK
	QPSK

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

	Payload size (bits)
	40
	104
	136

	Allocated resource unit
	1
	1
	1

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

	Code rate (effective)

	0.22 
	0.44
	0.56

	Transport block CRC (bits)
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0

	Number of code blocks - C
	1
	1
	1

	Total number of bits per resource unit
	288
	288
	288

	Total symbols per resource unit
	144
	144
	144

	Maximum number of transmissions
	[4]
	[4]
	[4]


Simulation Results
As defined in [2], NPUSCH Format 1 performance requirements will be defined with the SNRs for the throughput equal to or larger than 70% fraction of maximum throughput of the fixed reference channels. 
Table 3-1 shows the ideal simulation results with 15KHz subcarrier spacing for single and multi-subcarrier NPUSCH transmission.
Table 3-1 Ideal NPUSCH format 1 Simulation Results (15KHz Subcarrier spacing)
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Repetition number
	Fraction of  maximum throughput
	Ideal SNR
[dB]

	1
	2
	15KHz
	1
	ETU 1Hz Low
	A16-2

	1
	70%
	-4.1

	
	
	
	
	
	
	16
	70%
	-10.9

	
	
	
	
	
	
	64
	70%
	-15.0

	
	
	
	3
	ETU 1Hz Low
	A16-3
	2
	70%
	-6.1

	
	
	
	
	
	
	16
	70%
	-10.3

	
	
	
	
	
	
	64
	70%
	-14.2

	
	
	
	6
	ETU 1Hz Low
	A16-4
	2
	70%
	-2.7

	
	
	
	
	
	
	16
	70%
	-10.5

	
	
	
	
	
	
	64
	70%
	-13.7

	
	
	
	12
	ETU 1Hz Low
	A16-5
	2
	70%
	-0.9

	
	
	
	
	
	
	16
	70%
	-10.1

	
	
	
	
	
	
	64
	70%
	-14.6




Table 3-2 Practical NPUSCH format 1 Simulation Results (15KHz Subcarrier spacing)
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Repetition number
	Fraction of  maximum throughput
	SNR Practical with margin SNR
[dB]
[dB]

	1
	2
	15KHz
	1
	ETU 1Hz Low
	A16-2

	1
	70%
	-2.6

	
	
	
	
	
	
	16
	70%
	-8.4

	
	
	
	
	
	
	64
	70%
	-12.0

	
	
	
	3
	ETU 1Hz Low
	A16-3
	2
	70%
	-4.6

	
	
	
	
	
	
	16
	70%
	-8.3

	
	
	
	
	
	
	64
	70%
	-10.0

	
	
	
	6
	ETU 1Hz Low
	A16-4
	2
	70%
	-1.2

	
	
	
	
	
	
	16
	70%
	-9.0

	
	
	
	
	
	
	64
	70%
	-12.2

	
	
	
	12
	ETU 1Hz Low
	A16-5
	2
	70%
	-0.9

	
	
	
	
	
	
	16
	70%
	-8.6

	
	
	
	
	
	
	64
	70%
	-13.1



Conclusion
In this paper, we provided the updated ideal simulation results and practical simulation results with implementation margin for NPUSCH Format 1 with 15KHz subcarrier spacing for single and multi-subcarrier NPUSCH transmission based on the agreed simulation assumptions. 
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