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1 Introduction
During RAN4#106 meeting, WF [1] for SAN demodulation requirements for IoT over NTN was approved. In this contribution, we provide the initial text proposal about FRC of NTN SAN performance requirements to TS 36.181 as per work split.
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<START OF THE CHANGE 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. The performance requirements assume HARQ re-transmissions.
The tests for 3.75KHz subcarrier spacing are applicable to the base stations supporting 3.75 kHz subcarrier spacing requirements. The tests for single-subcarrier/multi-subcarrier of 15KHz subcarrier spacing are applicable to the base stations supporting the number of subcarriers of 15 kHz subcarrier spacing requirements.
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The minimum requirement is in TS 36.102 [2] subclause 8.1.1.
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The test shall verify the receiver’s ability to achieve the throughput under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21018162][bookmark: _Toc29486625][bookmark: _Toc29757315][bookmark: _Toc29758428][bookmark: _Toc35952993][bookmark: _Toc37174993][bookmark: _Toc37176874][bookmark: _Toc45831949][bookmark: _Toc45832674][bookmark: _Toc52547602][bookmark: _Toc61111354][bookmark: _Toc67911384][bookmark: _Toc75185561][bookmark: _Toc76501319][bookmark: _Toc82895373][bookmark: _Toc98570145][bookmark: _Toc115094119][bookmark: _Toc123218142][bookmark: _Toc123219985][bookmark: _Toc124186687][bookmark: _Toc130598560]8.1.1.4	Method of test
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Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause 4.7.
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.
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1)	Adjust the AWGN generator, according to the channel bandwidth, defined in Table 8.1.1.4.2-1.
Table 8.1.1.4.2-1: AWGN power level at the BS input
	Channel bandwidth [KHz]
	AWGN power level

	200
	-100.5dBm /180KHz



2)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameters in Table 8.1.1.4.2-2.
Table 8.1.1.4.2-2: Test parameters for testing NPUSCH format 1
	Parameter
	unit
	Value

	Maximum number of HARQ transmissions
	
	4

	RV sequences
	
	RV0, RV2



3)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex B.
4)	Adjust the equipment so that required SNR specified in tables 8.1.1.5-1 to 8.1.1.5-3 is achieved at the BS input.
5)	The signal generator sends a test pattern with the pattern outlined in Figure 8.1.1.4.2-1. For each of the reference channels in Table 8.1.1.5-1 to 8.1.1.5-3 applicable for the base station, measure the throughput, according to annex E.
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Figure 8.1.1.4.2-1: Test signal pattern for NPUSCH format 1 demodulation tests
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The throughput measured according to subclause 8.1.1.4.2 shall not be below the limits for the SNR levels specified in Table 8.1.1.5-1 for 3.75KHz subcarrier spacing tests, not be below the limits for the SNR levels specified in Table 8.1.1.5-2 for 15KHz subcarrier spacing with single subcarrier tests and not be below the limits for the SNR levels specified in Table 8.1.1.5-3 for 15KHz subcarrier spacing with the supported number of subcarrier tests.
Table 8.1.1.5-1 Required SNR for NPUSCH format 1 test, 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
	1
	3.7 KHz
	1
	TBD
	A16-1
	16
	70%
	TBD

	1
	2
	3.75KHz
	1
	TBD
	A16-1
	16
	70%
	TBD



Table 8.1.1.5-3 Required SNR for NPUSCH format 1 test, 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 B)
	FRC
(Annex A)
	Repetition number
	Fraction of  maximum throughput
	SNR
[dB]

	1
	1
	15KHz
	12
	TBD
	A16-2
	16
	70%
	TBD

	1
	2
	15KHz
	12
	TBD
	A16-2
	16
	70%
	TBD



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.
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The performance requirement of NPUSCH format 2 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise.
The probability of detection of ACK is defined as conditional probability of detection of the ACK when the ACK was sent per NPUSCH format 2 transmission when the signal is present.
The tests for 3.75KHz subcarrier spacing are applicable to the base stations supporting 3.75 KHz subcarrier spacing requirements. The tests for 15KHz subcarrier spacing are applicable to the base stations supporting 15KHz subcarrier spacing requirements.
[bookmark: _Toc21018168][bookmark: _Toc29486631][bookmark: _Toc29757321][bookmark: _Toc29758434][bookmark: _Toc35952999][bookmark: _Toc37174999][bookmark: _Toc37176880][bookmark: _Toc45831955][bookmark: _Toc45832680][bookmark: _Toc52547608][bookmark: _Toc61111360][bookmark: _Toc67911390][bookmark: _Toc75185567][bookmark: _Toc76501325][bookmark: _Toc82895379][bookmark: _Toc98570151][bookmark: _Toc115094125][bookmark: _Toc123218148][bookmark: _Toc123219991][bookmark: _Toc124186693][bookmark: _Toc130598566]8.1.2.2	Minimum Requirement
The minimum requirement is in TS 36.102 [2] subclause 8.1.2.1 and 8.1.2.2.
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The test shall verify the receiver’s ability to detect ACK under multipath fading propagation conditions for a given SNR.
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Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause 4.7
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.
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1)	Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.1.2.4.2-1.
Table 8.1.2.4.2-1: AWGN power level at the BS input
	Channel bandwidth [KHz]
	AWGN power level

	200
	-100.5dBm /180KHz



2)	The characteristics of the wanted signal shall be configured according to TS 36.211 [12].
3)	The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex B.
4)	Adjust the equipment so that the SNR specified in tables 8.1.2.5-1 to 8.1.2.5-2 is achieved at the BS input during the ACK transmissions.
5)	The signal generator sends a test pattern with the pattern outlined in figure 8.1.2.4.2-1. The following statistics are kept: the number of ACKs falsely detected in the idle periods and the number of missed ACKs. Each falsely detected ACK transmission in the idle periods is accounted as one error for the statistics of false ACK detection, and each missed ACK transmission per NPUSCH format 2 transmisson is accounted as one error for the statistics of missed ACK detection.
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Figure 8.1.2.4.2-1: Test signal pattern for NPUSCH format 2 demodulation tests
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The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in Table 8.1.2.5-1 and Table 8.1.2.5-2.
Table 8.1.2.5-1 Required SNR for NPUSCH format 2 test, 200KHz Channel Bandwidth, 3.75KHz subcarrier spacing, 1Tx
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Number of allocated subcarriers
	Subcarrier spacing
	Repetition number
	SNR
[dB]

	1
	1
	TBD
	1
	3.75KHz
	16
	TBD

	1
	2
	TBD
	1
	3.75 KHz
	16
	TBD



Table 8.1.2.5-2 Required SNR for NPUSCH format 2 test, 200KHz Channel Bandwidth, 15KHz subcarrier spacing, 1Tx
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Number of allocated subcarriers
	Subcarrier spacing
	Repetition number
	SNR [dB]

	1
	1
	TBD
	1
	15KHz
	16
	TBD

	1
	2
	TBD
	1
	15KHz
	16
	TBD



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.
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The performance requirement of NPRACH for preamble detection is determined by two parameters: the total probability of false detection of the preamble (Pfa) and the probability of detection of the preamble (Pd). The performance is measured for the required SNR
-	at probability of Pd which shall not be smaller than 99% and 
-	at probability of Pfa which shall not be larger than 0.1%.
Pfa is defined as a conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection consists of 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. A timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 3.646 us. The strongest path for the timing estimation error refers to the strongest path in the power delay profile.
The performance requirements for TDD are optional and only valid for base stations supporting TDD.
The parameters of NPRACH test preambles are listed in Table 8.1.3.1-1.
Table 8.1.3.1-1 NPRACH Test Parameters
	Parameter
	Value
	Value

	Narrowband physical layer cell identity
	0
	0

	nprach-Periodicity (ms)
	80
	320

	nprach-SubcarrierOffset
	0
	0

	nprach-NumSubcarriers
	12
	12

	numRepetitionsPerPreambleAttempt
	8
	32
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The minimum requirement is in TS 36.102 [2] subclause 8.1.3.1.1 and 8.1.3.2.1.
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The test shall verify the receiver’s ability to detect NPRACH preamble under multipath fading propagation conditions for a given SNR.
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[bookmark: _Toc21018179][bookmark: _Toc29486642][bookmark: _Toc29757332][bookmark: _Toc29758445][bookmark: _Toc35953010][bookmark: _Toc37175010][bookmark: _Toc37176891][bookmark: _Toc45831966][bookmark: _Toc45832691][bookmark: _Toc52547619][bookmark: _Toc61111371][bookmark: _Toc67911401][bookmark: _Toc75185578][bookmark: _Toc76501336][bookmark: _Toc82895390][bookmark: _Toc98570162][bookmark: _Toc115094136][bookmark: _Toc123218159][bookmark: _Toc123220002][bookmark: _Toc124186704][bookmark: _Toc130598577]8.1.3.4.1	Initial Conditions
Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause 4.7.
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all BS antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.
[bookmark: _Toc21018180][bookmark: _Toc29486643][bookmark: _Toc29757333][bookmark: _Toc29758446][bookmark: _Toc35953011][bookmark: _Toc37175011][bookmark: _Toc37176892][bookmark: _Toc45831967][bookmark: _Toc45832692][bookmark: _Toc52547620][bookmark: _Toc61111372][bookmark: _Toc67911402][bookmark: _Toc75185579][bookmark: _Toc76501337][bookmark: _Toc82895391][bookmark: _Toc98570163][bookmark: _Toc115094137][bookmark: _Toc123218160][bookmark: _Toc123220003][bookmark: _Toc124186705][bookmark: _Toc130598578]8.1.3.4.2	Procedure
1)	Adjust the AWGN generator, according to the channel bandwidth.
Table 8.1.3.4.2-1: AWGN power level at the BS input
	Channel bandwidth [KHz]
	AWGN power level

	200
	-100.5dBm /180KHz



2)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in Annex A.
3)	The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex B.
4)	Adjust the frequency offset of the test signal according to Table 8.1.3.5-1.
5)	Adjust the equipment so that the SNR specified in Table 8.1.3.5-1 is achieved at the BS input during the NPRACH preambles.
6) 	The test signal generator sends a preamble with repetitions and the receiver tries to detect the preamble. This pattern is repeated as illustrated in figure 8.1.3.4.2-1. The preambles are sent with a fixed timing offset of  during the test, where  is NPRACH cyclic prefix of length as defined in TS36.211 [12]. The following statistics are kept: the number of preambles detected in the idle period and the number of missed preambles.


Figure 8.1.3.4.2-1: NPRACH preamble test pattern

[bookmark: _Toc21018181][bookmark: _Toc29486644][bookmark: _Toc29757334][bookmark: _Toc29758447][bookmark: _Toc35953012][bookmark: _Toc37175012][bookmark: _Toc37176893][bookmark: _Toc45831968][bookmark: _Toc45832693][bookmark: _Toc52547621][bookmark: _Toc61111373][bookmark: _Toc67911403][bookmark: _Toc75185580][bookmark: _Toc76501338][bookmark: _Toc82895392][bookmark: _Toc98570164][bookmark: _Toc115094138][bookmark: _Toc123218161][bookmark: _Toc123220004][bookmark: _Toc124186706][bookmark: _Toc130598579]8.1.3.5	Test Requirement
Pfa shall not exceed 0.1% and Pmd shall not exceed 1% for the SNRs in Table 8.1.3.5-1.
Table 8.1.3.5-1: NPRACH missed detection test requirements for FDD
	Number of TX antennas
	Number of RX antennas
	Repetition number
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR[dB]

	
	
	
	
	
	Preamble format 0
	Preamble format 1

	1
	1
	8
	TBD
	TBD
	TBD
	TBD

	1
	2
	8
	TBD
	TBD
	TBD
	TBD

	1
	1
	32
	TBD
	TBD
	TBD
	TBD

	1
	2
	32
	TBD
	TBD
	TBD
	TBD



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.

<END OF THE CHANGE 1>

<START OF THE CHANGE 2>
[bookmark: _Toc21018224][bookmark: _Toc29486687][bookmark: _Toc29757377][bookmark: _Toc29758490][bookmark: _Toc35953055][bookmark: _Toc37175055][bookmark: _Toc37176936][bookmark: _Toc45832011][bookmark: _Toc45832736][bookmark: _Toc52547664][bookmark: _Toc61111416][bookmark: _Toc67911446][bookmark: _Toc75185623][bookmark: _Toc76501381][bookmark: _Toc82895435][bookmark: _Toc98570207][bookmark: _Toc115094181][bookmark: _Toc123218204][bookmark: _Toc123220047][bookmark: _Toc124186749][bookmark: _Toc130598622]A.16	Fixed Reference Channels for NB-IoT NPUSCH format 1
Table A.16-1: FRC parameters for NB-IoT NPUSCH format 1
	Reference channel
	A16-1
	A16-2

	Subcarrier spacing (kHz)
	3.75
	15

	Number of allocated subcarriers
	1
	12

	Diversity
	No
	No

	Modulation
	BPSK
	QPSK

	ITBS / IRU
	0 / 1
	9 / 0

	Payload size (bits)
	32
	136

	Allocated resource unit
	2
	1

	Code rate (target)
	1/3
	2/3

	Code rate (effective)

	0.29
	0.56

	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
	288

	Total symbols per resource unit
	96
	144

	Channel estimation length (ms) Note 1
	16
	

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



<END OF THE CHANGE 2>

<START OF THE CHANGE 3>
[bookmark: _Toc21018279][bookmark: _Toc29486742][bookmark: _Toc29757432][bookmark: _Toc29758545][bookmark: _Toc35953110][bookmark: _Toc37175110][bookmark: _Toc37176991][bookmark: _Toc45832066][bookmark: _Toc45832791][bookmark: _Toc52547719][bookmark: _Toc61111471][bookmark: _Toc67911501][bookmark: _Toc75185678][bookmark: _Toc76501436][bookmark: _Toc82895490][bookmark: _Toc98570262][bookmark: _Toc115094236][bookmark: _Toc123218259][bookmark: _Toc123220102][bookmark: _Toc124186804][bookmark: _Toc130598677]G.3	Measurement of Performance Requirements
Table G.3-1: Derivation of Test Requirements (Performance tests)
	Test 
	Minimum Requirement in TS 36.102
	Test Tolerance
(TT)
	Test Requirement in TS 36.181

	8.1.1	Performance requirements for NPUSCH format 1
	SINRs as specified
	0.6dB
	Formula: SINR + TT
T-put limit unchanged

	8.1.2	ACK missed detection for NPUSCH format 2
	SINRs as specified
	0.6dB
	Formula: SNR + TT
False ACK limit unchanged
Correct ACK limit unchanged

	8.1.3	Performance requirements for NPRACH
	SNRs as specified
	0.6dB
	Formula: SNR + TT
NPRACH False detection limit unchanged
NPRACH detection limit unchanged 



<END OF THE CHANGE 3>
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