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1   Background
At the last meeting, the WF [1] for Rel-16 NPUSCH performance requirements was agreed. The open issues are summarized as follows:

	· BS

· FFS define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling

· Interested companies are encouraged to provide simulation results as per the simulation assumptions in slide#4 , considering the test time and achievable SNR test point.

· No need to introduce BS demodulation requirements for coexistence of NB-IoT and NR with symbol-level reservation


In this contribution, we give our discussions on the remaining issues.
2   Discussion 
2.1   Simulation results 
According to the simulation assumptions copied from WF [1] in Table 1, we give our simulation results shown in Table 2.

Table 1: Simulation assumptions for NPUSCH format 1 with multi-TB transmission (Informative)

	Parameters
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	1T2R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	10

	Repetition number
	32

	HARQ process
	2

	Transmission mode
	Interleaved, continuous

	TB size
	872


Table 2: Simulation results for NPUSCH format 1 with multi-TB transmission
	TBS(bit)
	NRU
	NRep
	Antenna
	SNR@70% of maximum throughput
(dB)
	Gain of interleaving
(dB)

	
	
	
	
	Interleaving
	Continuous
	

	424
	5
	64
	1T1R
	-13.22
	-12.08
	1.14

	
	
	
	1T2R
	-16.11
	-15.47
	0.64

	872
	10
	32
	1T1R
	-11.17
	-10.05
	1.12

	
	
	
	1T2R
	-14.14
	-13.55
	0.59


Simulation results show that gain of interleaving depends on the duration of TB (NRU *NRep) and antenna configuration. The gain can reach 1.14dB when the duration is 320ms. The gain with 1T2R is approximate 0.5dB lower than 1T1R.
Observation 1: Gain of interleaving depends on the duration of TB (NRU *NRep) and antenna configuration, the gain can reach up to 1.14dB with duration of 320ms. 
Observation 2: The gain with 1T2R is approximate 0.5dB lower than 1T1R.
2.2   Discussion on testing time and TBS
Testing time 
Some companies consider that testing time is too long when NRU =10, NRep =32, but it is noted that the testing time for cases with one allocated subcarrier in Rel-13 are much longer than the above case (e.g.  Table 8.5.1.1.1-1 in TS 36.104, repetition number: 64, listed as follows). 
Table 8.5.1.1.1-1: Minimum requirements for NPUSCH format 1, 200KHz Channel Bandwidth, 3.75KHz subcarrier spacing, 1Tx
	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

[dB]

	1
	2
	3.75KHz
	1
	ETU 1Hz Low
	A16-1

	1
	70%
	-1.9

	
	
	
	
	
	
	16
	70%
	-9.2

	
	
	
	
	
	
	64
	70%
	-12.2


	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.



In the case marked with yellow in the above table, the duration of one TB is 32ms * 64 * 2 = 2816ms which is much larger than 320ms. Therefore, we think that for uplink, 320ms duration of one TB is an acceptable range.
TBS, NRU and NRep
Some companies worry that the 872 TBS is very large. We can reduce the number of RUs to reduce the TBS, for example, change NRU to 5 and double NRep to 64 and simulation results shown that the gain of interleaving is not changed.
Antenna configuration 
In order to obtain higher performance gains, we propose to use 1T1R.
In summary, we propose to use following simulation assumptions in Table 3.
Table 3: Final simulation assumptions for NPUSCH format 1

	
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	1T1R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	5

	Repetition number
	64

	HARQ process
	2

	Transmission mode
	Interleaved

	TB size
	424


Proposal 1: Define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling with the simulation assumptions in Table 3.
3   Conclusion
In this contribution, we give our discussions on the performance requirements of Rel-16 NPUSCH format1. The observation and proposals are shown as follows:
Observation 1: Gain of interleaving depends on the duration of TB (NRU *NRep) and antenna configuration, the gain can reach up to 1.14dB with duration of 320ms. 
Observation 2: The gain with 1T2R is approximate 0.5dB lower than 1T1R.
Proposal 1: Define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling with the simulation assumptions in Table 3.
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