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Introduction
New PUSCH formats are introduced for supporting NB-IoT UEs with 3.75KHz and 15KHz UL subcarrier spacings. In this paper, we discuss NPUSCH simulation assumptions for BS NPUSCH performance requirements.
NB-IoT PUSCH








For NB-IoT, a single antenna port  is used for all uplink transmissions. The narrowband physical uplink shared channel supports two formats and each of the format can be transmitted with subcarrier spacings of or . Resource units are used to describe the mapping of the NPUSCH to resource elements. A resource unit is defined as  consecutive SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain, where  and  are given by Table 1. The value of  is 4 for both  and . For , a radio frame contains 5 slots (2ms/slot) and 48 subcarriers. For , a radio frame contains 20 slots, as legacy LTE.



Table 1: Supported combinations of , , and  [TS 36.211]
	NPUSCH format
	[image: ]
	

	


	1
	3.75 kHz
	1
	16

	
	15 kHz
	1
	16

	
	
	3
	8

	
	
	6
	4

	
	
	12
	2

	2
	3.75 kHz
	1
	4

	
	15 kHz
	1
	4



The common PUSCH configuration is set in PUSCH-ConfigCommon-NB to specify and PUSCH-ConfigDedicated is used to specify the UE specific PUSCH configuration in TS 36.331. NB-IoT PUSCH configuration contains the following parameters [5]:
· ackNack-NumRepetitions: {r1, r2, r4, r8, r16, r32, r64, r128}
· srs-SubframeConfig: {0, …, 15}
· dmrs-Config: 
· threeTone-BaseSequence: (0..15)
· threeTone-BaseSequence: (0..3)
· sixTone-BaseSequence: (0..15)
· sixTone-CyclicShift-r13: (0..3)
· pusch-allSymbols
NB-IoT PUSCH supports two new PUSCH formats: 
· NPUSCH format 1, used to carry the UL-SCH
· 

Modulation: BPSK or QPSK for =1, QPSK for 
· The coding steps for NPUSCH format 1 includes CRC attachment, channel coding, and rate matching
· 

NPUSCH transmission is repeated in N times, where  where the value of repetition number  {1, 2, 4, 8, 16, 32, 64, 128} and the value of resource unit {1, …, 10} are given in the corresponding DCI and the value of  (16 for , and {2,4,8,16} for ) is the number of NB-IoT UL slots of the resource unit corresponding to the allocated number of subcarriers in the corresponding DCI.
· NPUSCH format 2, used to carry ACK/ NACK information
· 
Modulation: BPSK only with =1
· The coding steps for NPUSCH format 2 includes only channel coding, where 1 HARQ ACK/ NACK bit is coded into 16 all ‘0’ or all ‘1’ bits.
· 

When a UE detects a NPDSCH transmission intended for the UE and for which an ACK/NACK shall be provided, start, the UE will need to send NPUSCH carrying ACK/NACK response using NPUSCH format 2 in N consecutive NB-IoT UL slots, where , where the value of  {1, 2, 4, 8, 16, 32, 64, 128} is given by AckNack-RURepetitions-Msg4 or AckNack-RURepetitions.
The Transport block size (TBS) table for NPUSCH are defined in the following Table in TS 36.213 [4]
Table 2: Transport block size (TBS) table for NPUSCH
	

	


	
	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
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	

	8
	120
	256
	392
	536
	680
	808
	
	

	9
	136
	296
	456
	616
	776
	936
	
	

	10
	144
	328
	504
	680
	872
	1000
	
	

	11
	176
	376
	584
	776
	1000
	
	
	

	12
	208
	440
	680
	1000
	
	
	
	



NPUSCH Simulation Assumptions
For NPUSCH Format 1, define the demodulation performance requirements under multipath fading propagation conditions for both NPUSCH subcarrier spacings. The performance requirement of NPUSCH in Format 1 should be determined by a minimum required throughput for a given SNR under multipath fading propagation conditions
Table 1: Proposal for NPUSCH format 1 Simulation Assumptions

	Parameters
	Values

	Subcarrier Spacing
	3.75KHz
	15KHz

	Channel model
	AWGN, TU1
	AWGN, TU1

	Antenna configuration: 
2 cases
	1x2
	1x2

	Antenna correlation
	Low
	Low

	Repetition level
	TBD [{1, 2, 4, 8, 16, 32, 64, 128}]
	TBD [{1, 2, 4, 8, 16, 32, 64, 128}]

	pusch-allSymbols
	Yes
	Yes

	Number of tones
	1
	{1, 3, 6, 12}

	Modulation
	{Pi/2-BPSK, Pi/4 QPSK}
	{Pi/2-BPSK, Pi/4 QPSK} for single tone;
{1/3 QPSK, QPSK} for multi-tones}

	TBS
	TBD from above Table 2
	TBD from above Table 2

	UE frequency error
	[50] Hz
	[50] Hz




For NPUSCH Format 2, the performance requirements for HARQ ACK/NACK false detection. The ACK/NACK false detection probability for NPUSCH may be defined as the probability that ACK or NACK is detected when NACK or ACK is sent on NPUSCH. Unlike the legacy case, it may not need to define the ACK missed detection requirements since the eNB knows when the UE should transmit NPUSCH Format 2 based on previous NPDSCH/NPUSCH/DCI scheduling, and the content NPUSCH Format 2 has be either ACK or NACK

Table 2: Proposal for NPUSCH format 2 Simulation Assumptions
	Parameters
	Values

	Subcarrier Spacing
	3.75KHz
	15KHz

	Channel model
	AWGN, TU1
	AWGN, TU1

	Antenna configuration: 
2 cases
	1x2
	1x2

	Antenna correlation
	Low
	Low

	Repetition level
	TBD [{1, 2, 4, 8, 16, 32, 64, 128}]
	TBD [{1, 2, 4, 8, 16, 32, 64, 128}]

	pusch-allSymbols
	Yes
	Yes

	Number of tones
	1
	1

	Modulation
	Pi/2-BPSK
	Pi/2-BPSK


	TBS
	TBD from above Table 2
	TBD from above Table 2

	UE frequency error
	[50] Hz
	[50] Hz



Conclusion  
In this contribution, we discussed the simulation assumptions for BS NPUSCH demodulation performance requirements.
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