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[bookmark: _Toc137240688][bookmark: _Toc137244787][bookmark: _Toc138894001][bookmark: _Toc138894233][bookmark: _Toc145036626]8.5.1	Requirements for NPUSCH format 1
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The performance requirement of NPUSCH format 1 is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex A.7. The performance requirements assume HARQ retransmissions.
An NB-IoT Base Station supports 15 kHz subcarrier spacing requirements, or 3.75 kHz subcarrier spacing requirements, or both.
For 15kHz subcarrier spacing multi-subcarrier, the demodulation requirements apply for the supported number of subcarriers.
Table 8.5.1.1-1: Test parameters
	Parameter
	Value

	Maximum number of HARQ transmissions
	4

	RV sequence
	RV0, RV2
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The throughput shall be equal to or larger than the fraction of maximum throughput stated in table 8.5.1.1.1-1 for the single-subcarrier of 3.75KHz subcarrier spacing, and in table 8.5.1.1.1-2 for multi-subcarrier of 15KHz subcarrier spacing at the given SNR for 1Tx.
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 BD)
	FRC
(Annex A)
	Frequency offset
	TxDuration
	Repetition number
	Fraction of maximum throughput
	SNR
[dB]

	1
	1
	3.75KHz
	1
	NTN TDLA100-1
	A7-1
	128 Hz
	256
	4
	70%
	[-2.0]

	1
	1
	3.75KHz
	1
	NTN TDLC5-1
	A7-1
	128 Hz
	256
	4
	70%
	[-3.6]

	1
	2
	3.75KHz
	1
	NTN TDLA100-1
	A7-1
	128 Hz
	256
	4
	70%
	[-5.4]

	1
	2
	3.75KHz
	1
	NTN TDLC5-1
	A7-1
	128 Hz
	256
	4
	70%
	[-6.5]



Table 8.5.1.1.1-2: Minimum requirements for NPUSCH format 1, 200KHz Channel Bandwidth, 15KHz subcarrier spacing, multiple subcarriers, 1Tx
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions and correlation matrix (Annex XD)
	FRC
(Annex A)
	Frequency offset
	Tx-Duration
	Repetition number
	Fraction of maximum throughput
	SNR
[dB]

	1
	1
	15KHz
	12
	NTN TDLA100-1
	A7-2
	8 Hz
	16
	16
	70%
	[-3.2]

	1
	1
	15KHz
	12
	NTN TDLC5-1
	A7-2
	8 Hz
	16
	16
	70%
	[-4.0]

	1
	2
	15KHz
	12
	NTN TDLA100-1
	A7-2
	8 Hz
	16
	16
	70%
	[-7.1]

	1
	2
	15KHz
	12
	NTN TDLC5-1
	A7-2
	8 Hz
	16
	16
	70%
	[-7.8]
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[bookmark: _Toc20997881][bookmark: _Toc29478560][bookmark: _Toc35933158][bookmark: _Toc35935446][bookmark: _Toc37163030][bookmark: _Toc37173358][bookmark: _Toc37173610][bookmark: _Toc44754166][bookmark: _Toc45825594][bookmark: _Toc45825846][bookmark: _Toc45826098][bookmark: _Toc45826350][bookmark: _Toc52466516][bookmark: _Toc66869501][bookmark: _Toc66872319][bookmark: _Toc75173476][bookmark: _Toc76497292][bookmark: _Toc82894093][bookmark: _Toc89684624][bookmark: _Toc98574765][bookmark: _Toc137240692][bookmark: _Toc137244791][bookmark: _Toc138894005][bookmark: _Toc138894237][bookmark: _Toc145036630]8.5.2.1	DTX to ACK performance
The DTX to ACK probability for NPUSCH format 2 case denotes the probability that ACK is detected when nothing is sent on the wanted signal and only the noise is present per NPUSCH format 2 transmission.
An NB-IoT Base Station supports 15 KHz sub-carrier spacing requirements, or 3.75 KHz sub-carrier spacing requirements, or both.
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The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, shall not exceed 1% per NPUSCH format 2 transmission. Where the performance measure definition is as follows:

	
where:
-	#(false ACK bits) denotes the number of detected ACK bits.
-	#(ACK/NACK bits) denotes the number of HARQ-ACK information bit per NPUSCH format 2 transmission.
-	#( NPUSCH format 2 DTX) denotes the number of DTX occasions.
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The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent per NPUSCH format 2 transmission.
[bookmark: _Toc20997884][bookmark: _Toc29478563][bookmark: _Toc35933161][bookmark: _Toc35935449][bookmark: _Toc37163033][bookmark: _Toc37173361][bookmark: _Toc37173613][bookmark: _Toc44754169][bookmark: _Toc45825597][bookmark: _Toc45825849][bookmark: _Toc45826101][bookmark: _Toc45826353][bookmark: _Toc52466519][bookmark: _Toc66869504][bookmark: _Toc66872322][bookmark: _Toc75173479][bookmark: _Toc76497295][bookmark: _Toc82894096][bookmark: _Toc89684627][bookmark: _Toc98574768][bookmark: _Toc137240695][bookmark: _Toc137244794][bookmark: _Toc138894008][bookmark: _Toc138894240][bookmark: _Toc145036633]8.5.2.2.1	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.5.2.2.1-1 and table 8.5.2.2.1-2 for 1Tx case.
Table 8.5.2.2.1-1: Minimum requirements for NPUSCH format 2, 200KHz Channel Bandwidth, 3.75KHz subcarrier spacing, 1Tx
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex BD)
	Number of allocated subcarriers
	Subcarrier spacing
	Frequency offset
	TxDuration
	Repetition number
	SNR [dB]

	1
	1
	NTN TDLA100-1
	1
	3.75KHz
	64 Hz
	256
	4
	[1.8]

	1
	2
	NTN TDLA100-1
	1
	3.75KHz
	64 Hz
	256
	4
	[-3.9]



Table 8.5.2.2.1-2: Minimum requirements for NPUSCH format 2, 200KHz Channel Bandwidth, 15KHz subcarrier spacing, 1Tx
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex BD)
	Number of allocated subcarriers
	Subcarrier spacing
	Frequency offset
	TxDuration
	Repetition number
	SNR [dB]

	1
	1
	NTN TDLA100-1
	1
	15KHz
	16 Hz
	32
	16]
	[5.1]

	1
	2
	NTN TDLA100-1
	1
	15KHz
	16 Hz
	32
	16
	[-3.3]



[bookmark: _Toc20997885][bookmark: _Toc29478564][bookmark: _Toc35933162][bookmark: _Toc35935450][bookmark: _Toc37163034][bookmark: _Toc37173362][bookmark: _Toc37173614][bookmark: _Toc44754170][bookmark: _Toc45825598][bookmark: _Toc45825850][bookmark: _Toc45826102][bookmark: _Toc45826354][bookmark: _Toc52466520][bookmark: _Toc66869505][bookmark: _Toc66872323][bookmark: _Toc75173480][bookmark: _Toc76497296][bookmark: _Toc82894097][bookmark: _Toc89684628][bookmark: _Toc98574769][bookmark: _Toc137240696][bookmark: _Toc137244795][bookmark: _Toc138894009][bookmark: _Toc138894241][bookmark: _Toc145036634]8.5.3	Performance requirements for NPRACH
[bookmark: _Toc20997886][bookmark: _Toc29478565][bookmark: _Toc35933163][bookmark: _Toc35935451][bookmark: _Toc37163035][bookmark: _Toc37173363][bookmark: _Toc37173615][bookmark: _Toc44754171][bookmark: _Toc45825599][bookmark: _Toc45825851][bookmark: _Toc45826103][bookmark: _Toc45826355][bookmark: _Toc52466521][bookmark: _Toc66869506][bookmark: _Toc66872324][bookmark: _Toc75173481][bookmark: _Toc76497297][bookmark: _Toc82894098][bookmark: _Toc89684629][bookmark: _Toc98574770][bookmark: _Toc137240697][bookmark: _Toc137244796][bookmark: _Toc138894010][bookmark: _Toc138894242][bookmark: _Toc145036635]8.5.3.1	NPRACH False alarm probability
The false alarm requirement is valid for any number of receive antennas, for all repetition numbers and for any number of subcarriers.
The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
[bookmark: _Toc20997887][bookmark: _Toc29478566][bookmark: _Toc35933164][bookmark: _Toc35935452][bookmark: _Toc37163036][bookmark: _Toc37173364][bookmark: _Toc37173616][bookmark: _Toc44754172][bookmark: _Toc45825600][bookmark: _Toc45825852][bookmark: _Toc45826104][bookmark: _Toc45826356][bookmark: _Toc52466522][bookmark: _Toc66869507][bookmark: _Toc66872325][bookmark: _Toc75173482][bookmark: _Toc76497298][bookmark: _Toc82894099][bookmark: _Toc89684630][bookmark: _Toc98574771][bookmark: _Toc137240698][bookmark: _Toc137244797][bookmark: _Toc138894011][bookmark: _Toc138894243][bookmark: _Toc145036636]8.5.3.1.1	Minimum requirement
The false alarm probability shall be less than or equal to 0.1%.
[bookmark: _Toc20997888][bookmark: _Toc29478567][bookmark: _Toc35933165][bookmark: _Toc35935453][bookmark: _Toc37163037][bookmark: _Toc37173365][bookmark: _Toc37173617][bookmark: _Toc44754173][bookmark: _Toc45825601][bookmark: _Toc45825853][bookmark: _Toc45826105][bookmark: _Toc45826357][bookmark: _Toc52466523][bookmark: _Toc66869508][bookmark: _Toc66872326][bookmark: _Toc75173483][bookmark: _Toc76497299][bookmark: _Toc82894100][bookmark: _Toc89684631][bookmark: _Toc98574772][bookmark: _Toc137240699][bookmark: _Toc137244798][bookmark: _Toc138894012][bookmark: _Toc138894244][bookmark: _Toc145036637]8.5.3.2	NPRACH detection requirements
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For NTN-TDLA100 and NTN-TDLC5, a timing estimation erros occurs if the estimation error of the timing of the largest delay path is larger than the time orror tolerance given in Table 8.5.3.2-2
Table 8.5.3.2-1: Test preambles for NPRACH
	Parameter
	Value

	Narrowband physical layer cell identity
	0

	Initial subcarrier index
	0



Table 8.5.3.2-2: Time error tolerance for AWGN, NTN-TDLA100-1
	PRACH
	PRACH SCS
	Time error tolerance

	preamble
	(kHz)
	NTN-TDLA100-1

	0
	3.75KHz
	3.646us

	1
	3.75KHz
	3.646us



[bookmark: _Toc20997889][bookmark: _Toc29478568][bookmark: _Toc35933166][bookmark: _Toc35935454][bookmark: _Toc37163038][bookmark: _Toc37173366][bookmark: _Toc37173618][bookmark: _Toc44754174][bookmark: _Toc45825602][bookmark: _Toc45825854][bookmark: _Toc45826106][bookmark: _Toc45826358][bookmark: _Toc52466524][bookmark: _Toc66869509][bookmark: _Toc66872327][bookmark: _Toc75173484][bookmark: _Toc76497300][bookmark: _Toc82894101][bookmark: _Toc89684632][bookmark: _Toc98574773][bookmark: _Toc137240700][bookmark: _Toc137244799][bookmark: _Toc138894013][bookmark: _Toc138894245][bookmark: _Toc145036638]8.5.3.2.1	Minimum requirements
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in table 8.5.3.2.1-1.
Table 8.5.3.2.1-1: NPRACH missed detection requirements for FDD
	Number of TX antennas
	Number of RX antennas
	TxDuration
	Repetition number
	Propagation conditions and correlation matrix (Annex BD)
	Frequency offset
	SNR [dB]

	
	
	
	
	
	
	Preamble format 0
	Preamble format 1

	1
	1
	8
	8
	NTN-TDLA100-1
	200 Hz
	[13.3]
	[13.7]

	1
	1
	16
	16
	NTN-TDLA100-1
	200 Hz
	[9.8]
	[9.6]

	1
	2
	8
	8
	NTN-TDLA100-1
	200 Hz
	[6.0]
	[6.1]

	1
	2
	16
	16
	NTN-TDLA100-1
	200 Hz
	[1.6]
	[1.7]
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