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[bookmark: _Toc116995841]Introduction
NB-IoT and eMTC operations were identified as two key enablers of connectivity in remote areas. In some of these areas, limited or no-cellular infrastructure might be available. Because of this, 3GPP has introduced IoT over NTN (Non-terrestrial networks) as potential solution to provide ubiquitous connectivity in such conditions [1]. Currently, the RAN plenary has approved the work item whose objective is to develop requirements for NB-IoT and eMTC operation over NTN [2]. The WID indicates that the discussions should leverage previous work for NR over NTN and IoT as long as applicable. 
The worksplit for ‘NB-IoT/eMTC core & performance requirements for NTN’ was agreed at RAN4 #106 regarding TS 36.181 as follows:
	Clause number
	Clause name
	Company name

	TBD
	Conducted performance requirements - General
	Nokia

	TBD
	Performance requirements for PUSCH
	

	TBD
	Performance requirements for PUCCH
	

	TBD
	Performance requirements for PRACH
	

	TBD
	Performance requirements for NPUSCH format 1
	Huawei

	TBD
	Performance requirements for NPUSCH format 2
	

	TBD
	Performance requirements for NPRACH
	

	TBD
	Radiated performance requirements - General
	FFS

	TBD
	Performance requirements for PUSCH
	

	TBD
	Performance requirements for PUCCH
	

	TBD
	Performance requirements for PRACH
	

	TBD
	Performance requirements for NPUSCH format 1
	FFS

	TBD
	Performance requirements for NPUSCH format 2
	

	TBD
	Performance requirements for NPRACH
	

	TBD
	Fixed Reference Channels for PUSCH transmission
	Nokia

	TBD
	PRACH Test preambles
	Nokia

	TBD
	Fixed Reference Channels for NPUSCH format 1 transmission
	Huawei

	TBD
	Measurement of Performance Requirements
	Huawei



Within this contribution, we present the Nokia contributions for the Work-Split regarding TS 36.181 for discussion and approval at RAN4 #106-bis-e.
Furthermore, within this contribution we include updates following the first round at RAN4 #106 bis-e
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Appendix (Text Proposal)



<Start of change 1>
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 36 108: "Space Access Node (SAN) radio transmission and reception".
[3]	ITU-R Recommendation M.1545, "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000".
[4]	ITU-R recommendation SM.328: "Spectra and bandwidth of emissions".
[5]	ITU-R recommendation SM.329: "Unwanted emissions in the spurious domain ".
[bookmark: _Ref467262581][6]	IEC 60721-3-3 (2002): "Classification of environmental conditions - Part 3: Classification of groups of environmental parameters and their severities - Section 3: Stationary use at weather protected locations".
[bookmark: _Ref467262590][7]	IEC 60721-3-4 (1995): "Classification of environmental conditions - Part 3: Classification of groups of environmental parameters and their severities - Section 4: Stationary use at non-weather protected locations".
[bookmark: _Ref467262628][8]	IEC 60068-2-1 (2007): "Environmental testing - Part 2: Tests. Tests A: Cold".
[bookmark: _Ref467262642][9]	IEC 60068-2-2 (2007): "Environmental testing - Part 2: Tests. Tests B: Dry heat".
[bookmark: _Ref467262669][10]	IEC 60068-2-6 (2007): "Environmental testing - Part 2: Tests - Test Fc: Vibration (sinusoidal)".
[11]	3GPP TR 25.942: "RF system scenarios".
[12]	3GPP TS 36.211: Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
[13]	3GPP TR 38.811: "Study on New Radio (NR) to support non-terrestrial networks".

<End of change 1>


<Start of change 2>
[bookmark: _Toc21017945][bookmark: _Toc29486408][bookmark: _Toc29757098][bookmark: _Toc29758211][bookmark: _Toc35952776][bookmark: _Toc37174776][bookmark: _Toc37176657][bookmark: _Toc45831732][bookmark: _Toc45832457][bookmark: _Toc52547385][bookmark: _Toc61111137][bookmark: _Toc67911167][bookmark: _Toc75185344][bookmark: _Toc76501102][bookmark: _Toc82895156][bookmark: _Toc98569928][bookmark: _Toc115093902][bookmark: _Toc123217925][bookmark: _Toc123219768][bookmark: _Toc124186470]8.1	General
Performance requirements are specified for a number of test environments and multipath channel classes.
Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for a SAN supporting carrier aggregation are defined in terms of single carrier requirements. The requirements only apply to those measurement channels that are supported by the base station.
For SAN with receiver antenna diversity the required SNR shall be applied separately at each antenna port.
In tests performed with signal generators a synchronization signal may be provided, from the base station to the signal generator, to enable correct timing of the wanted signal.
For tests in clause 8 the transmitter may be off.
<End of change 2>






<Start of change 3>
[bookmark: _Toc21017946][bookmark: _Toc29486409][bookmark: _Toc29757099][bookmark: _Toc29758212][bookmark: _Toc35952777][bookmark: _Toc37174777][bookmark: _Toc37176658][bookmark: _Toc45831733][bookmark: _Toc45832458][bookmark: _Toc52547386][bookmark: _Toc61111138][bookmark: _Toc67911168][bookmark: _Toc75185345][bookmark: _Toc76501103][bookmark: _Toc82895157][bookmark: _Toc98569929][bookmark: _Toc115093903][bookmark: _Toc123217926][bookmark: _Toc123219769][bookmark: _Toc124186471]8.2	Performance requirements for PUSCH

[bookmark: _Toc21018011][bookmark: _Toc29486474][bookmark: _Toc29757164][bookmark: _Toc29758277][bookmark: _Toc35952842][bookmark: _Toc37174842][bookmark: _Toc37176723][bookmark: _Toc45831798][bookmark: _Toc45832523][bookmark: _Toc52547451][bookmark: _Toc61111203][bookmark: _Toc67911233][bookmark: _Toc75185410][bookmark: _Toc76501168][bookmark: _Toc82895222][bookmark: _Toc98569994][bookmark: _Toc115093968][bookmark: _Toc123217991][bookmark: _Toc123219834][bookmark: _Toc124186536]8.2.1	Performance requirements of PUSCH in multipath fading propagation conditions transmission on single antenna port for coverage enhancment
[bookmark: _Toc21018012][bookmark: _Toc29486475][bookmark: _Toc29757165][bookmark: _Toc29758278][bookmark: _Toc35952843][bookmark: _Toc37174843][bookmark: _Toc37176724][bookmark: _Toc45831799][bookmark: _Toc45832524][bookmark: _Toc52547452][bookmark: _Toc61111204][bookmark: _Toc67911234][bookmark: _Toc75185411][bookmark: _Toc76501169][bookmark: _Toc82895223][bookmark: _Toc98569995][bookmark: _Toc115093969][bookmark: _Toc123217992][bookmark: _Toc123219835][bookmark: _Toc124186537]8.2.1.1	Definition and applicability
The performance requirement of PUSCH 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 CEModeA defined in Clause 8.2.1 are applicable only to the space access nodes supporting coverage enhancement configured with CEModeA. The tests for CEModeB defined in Clause 8.2.1 are applicable only to the the space access nodes supporting coverage enhancement configured with CEModeB.
A test for a specific channel bandwidth is only applicable if the SAN supports it. For a SAN supporting FDD multiple channel bandwidths, only the tests for the lowest and the highest FDD channel bandwidths supported by the SAN are applicable. 
[bookmark: _Toc21018013][bookmark: _Toc29486476][bookmark: _Toc29757166][bookmark: _Toc29758279][bookmark: _Toc35952844][bookmark: _Toc37174844][bookmark: _Toc37176725][bookmark: _Toc45831800][bookmark: _Toc45832525][bookmark: _Toc52547453][bookmark: _Toc61111205][bookmark: _Toc67911235][bookmark: _Toc75185412][bookmark: _Toc76501170][bookmark: _Toc82895224][bookmark: _Toc98569996][bookmark: _Toc115093970][bookmark: _Toc123217993][bookmark: _Toc123219836][bookmark: _Toc124186538]8.2.1.2	Minimum Requirement
The minimum requirement is in TS 36.108 [2] subclause 8.2.1.
[bookmark: _Toc21018014][bookmark: _Toc29486477][bookmark: _Toc29757167][bookmark: _Toc29758280][bookmark: _Toc35952845][bookmark: _Toc37174845][bookmark: _Toc37176726][bookmark: _Toc45831801][bookmark: _Toc45832526][bookmark: _Toc52547454][bookmark: _Toc61111206][bookmark: _Toc67911236][bookmark: _Toc75185413][bookmark: _Toc76501171][bookmark: _Toc82895225][bookmark: _Toc98569997][bookmark: _Toc115093971][bookmark: _Toc123217994][bookmark: _Toc123219837][bookmark: _Toc124186539]8.2.1.3	Test Purpose
The test shall verify the receiver’s ability to achieve throughput under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21018015][bookmark: _Toc29486478][bookmark: _Toc29757168][bookmark: _Toc29758281][bookmark: _Toc35952846][bookmark: _Toc37174846][bookmark: _Toc37176727][bookmark: _Toc45831802][bookmark: _Toc45832527][bookmark: _Toc52547455][bookmark: _Toc61111207][bookmark: _Toc67911237][bookmark: _Toc75185414][bookmark: _Toc76501172][bookmark: _Toc82895226][bookmark: _Toc98569998][bookmark: _Toc115093972][bookmark: _Toc123217995][bookmark: _Toc123219838][bookmark: _Toc124186540]8.2.1.4	Method of test
[bookmark: _Toc21018016][bookmark: _Toc29486479][bookmark: _Toc29757169][bookmark: _Toc29758282][bookmark: _Toc35952847][bookmark: _Toc37174847][bookmark: _Toc37176728][bookmark: _Toc45831803][bookmark: _Toc45832528][bookmark: _Toc52547456][bookmark: _Toc61111208][bookmark: _Toc67911238][bookmark: _Toc75185415][bookmark: _Toc76501173][bookmark: _Toc82895227][bookmark: _Toc98569999][bookmark: _Toc115093973][bookmark: _Toc123217996][bookmark: _Toc123219839][bookmark: _Toc124186541]8.2.1.4.1	Initial Conditions
Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause [4.7].
1)	Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generators to all SAN antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.
[bookmark: _Toc21018017][bookmark: _Toc29486480][bookmark: _Toc29757170][bookmark: _Toc29758283][bookmark: _Toc35952848][bookmark: _Toc37174848][bookmark: _Toc37176729][bookmark: _Toc45831804][bookmark: _Toc45832529][bookmark: _Toc52547457][bookmark: _Toc61111209][bookmark: _Toc67911239][bookmark: _Toc75185416][bookmark: _Toc76501174][bookmark: _Toc82895228][bookmark: _Toc98570000][bookmark: _Toc115093974][bookmark: _Toc123217997][bookmark: _Toc123219840][bookmark: _Toc124186542]8.2.1.4.2	Procedure
1)	Adjust the AWGN generator, according to the channel bandwidth, defined in Table 8.2.1.4.2-1.
Table 8.2.1.4.2-1: AWGN power level at the SAN input
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-92.7dBm / 1.08MHz



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 8.2.1.4.2-2. The index of the narrowband is set to 0. For reference channels using resource blocks less than 6, the resource blocks shall be allocated from the lowest number within the indicated narrowband.
Table 8.2.1.4.2-2: Test parameters for testing PUSCH
	Parameter
	CEMode A
	CEMode B

	Maximum number of HARQ transmissions
	4
	2

	RV sequences
	0, 2, 3, 1, 0, 2, 3, 1
	FDD: 0, 0, 0, 0, 2, 2, 2, 2, 3, 3, 3, 3, 1, 1, 1, 1

	Duration of PUSCH segment transmission ()
	Same duration as repetition length
	Same duration as repetition length

	Frequency hopping
	OFF
	OFF

	Note 1:	Guard period shall be created according to TS36.211, 5.2.5 [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 required SNR specified in Table 8.2.1.5-1 to 8.2.1.5-2 is achieved at the SAN input.
5)	The test signal generator sends frames, and the receiver tries to demodulate the content. The frames are sent with certain frequency offsets as described below in Table 8.2.1.4.2-3 as well as certain timing offsets as described below in Table 8.2.1.4.2-4.
Table 8.2.1.4.2-3: Frequency Offsets for testing PUSCH
	Channel 
	No. Repetitions
	Accumulated Frequency Offset 
(Hz)

	CEmode A
	8
	4

	CEmode B
	256
	128



Table 8.2.1.4.2-4: Timing Offsets for testing PUSCH
	Channel 
	No. Repetitions
	Accumulated Timing Offset 
(us)

	CEmode A
	8
	0.08

	CEmode B
	256
	2.56



6)	For each of the reference channels in Table 8.2.1.5-1 to 8.2.1.5-2 applicable for the access node, measure the throughput, according to annex E.

[bookmark: _Toc21018018][bookmark: _Toc29486481][bookmark: _Toc29757171][bookmark: _Toc29758284][bookmark: _Toc35952849][bookmark: _Toc37174849][bookmark: _Toc37176730][bookmark: _Toc45831805][bookmark: _Toc45832530][bookmark: _Toc52547458][bookmark: _Toc61111210][bookmark: _Toc67911240][bookmark: _Toc75185417][bookmark: _Toc76501175][bookmark: _Toc82895229][bookmark: _Toc98570001][bookmark: _Toc115093975][bookmark: _Toc123217998][bookmark: _Toc123219841][bookmark: _Toc124186543]8.2.1.5	Test Requirement
The throughput measured according to subclause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in Table 8.2.1.5-1 for CEMode A tests and not be below the limits for the SNR levels specified in Table 8.2.1.5-2 for CEMode B tests.
Table 8.2.1.5-1 Minimum requirements for PUSCH, 1.4 MHz Channel Bandwidth for Mode A, 1Tx
	Number of TX antennas
	Number of RX antennas
	CE Mode 
	Number of PUSCH repetitions
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	1
	1
	Mode A
	8
	[NTN-TDLC5-5]
	A5-2
	70%
	TBD

	1
	2
	Mode A
	8
	[NTN-TDLC5-5]
	A5-2
	70%
	TBD



Table 8.2.1.5-2 Minimum requirements for PUSCH, 1.4 MHz Channel Bandwidth for Mode B, 1Tx
	Number of TX antennas
	Number of RX antennas
	CE Mode 
	Number of PUSCH repetitions
	Propagation conditions and correlation matrix (Annex C)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	1
	1
	Mode B
	256
	[NTN-TDLA100-5]
	A5-1
	70%
	TBD

	1
	2
	Mode B
	256
	[NTN-TDLA100-5]
	A5-1
	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.

<End of change 3>


<Start of change 4>
[bookmark: _Toc21018043][bookmark: _Toc29486506][bookmark: _Toc29757196][bookmark: _Toc29758309][bookmark: _Toc35952874][bookmark: _Toc37174874][bookmark: _Toc37176755][bookmark: _Toc45831830][bookmark: _Toc45832555][bookmark: _Toc52547483][bookmark: _Toc61111235][bookmark: _Toc67911265][bookmark: _Toc75185442][bookmark: _Toc76501200][bookmark: _Toc82895254][bookmark: _Toc98570026][bookmark: _Toc115094000][bookmark: _Toc123218023][bookmark: _Toc123219866][bookmark: _Toc124186568][bookmark: _Toc21018116][bookmark: _Toc29486579][bookmark: _Toc29757269][bookmark: _Toc29758382][bookmark: _Toc35952947][bookmark: _Toc37174947][bookmark: _Toc37176828][bookmark: _Toc45831903][bookmark: _Toc45832628][bookmark: _Toc52547556][bookmark: _Toc61111308][bookmark: _Toc67911338][bookmark: _Toc75185515][bookmark: _Toc76501273][bookmark: _Toc82895327][bookmark: _Toc98570099][bookmark: _Toc115094073][bookmark: _Toc123218096][bookmark: _Toc123219939][bookmark: _Toc124186641][bookmark: _Toc21018117][bookmark: _Toc29486580][bookmark: _Toc29757270][bookmark: _Toc29758383][bookmark: _Toc35952948][bookmark: _Toc37174948][bookmark: _Toc37176829][bookmark: _Toc45831904][bookmark: _Toc45832629][bookmark: _Toc52547557][bookmark: _Toc61111309][bookmark: _Toc67911339][bookmark: _Toc75185516][bookmark: _Toc76501274][bookmark: _Toc82895328][bookmark: _Toc98570100][bookmark: _Toc115094074][bookmark: _Toc123218097][bookmark: _Toc123219940][bookmark: _Toc124186642]8.3	Performance requirements for PUCCH
8.3.1	ACK missed detection for PUCCH format 1a transmission on single antenna port for coverage enhancement
8.3.1.1	Definition and applicability
The performance requirement of PUCCH 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 for the configured PUCCH transmission repetitions when input is only noise.
The probability of detection of ACK is defined as conditional probability of detection of the ACK for the configured PUCCH transmission repetitions when the signal is present.
The test is applicable only to base stations supporting coverage enhancement. A test for a specific channel bandwidth is only applicable if the SAN supports it.
For a SAN supporting multiple channel bandwidths only the tests for the lowest and the highest channel bandwidth supported by the SAN are applicable.
[bookmark: _Toc21018118][bookmark: _Toc29486581][bookmark: _Toc29757271][bookmark: _Toc29758384][bookmark: _Toc35952949][bookmark: _Toc37174949][bookmark: _Toc37176830][bookmark: _Toc45831905][bookmark: _Toc45832630][bookmark: _Toc52547558][bookmark: _Toc61111310][bookmark: _Toc67911340][bookmark: _Toc75185517][bookmark: _Toc76501275][bookmark: _Toc82895329][bookmark: _Toc98570101][bookmark: _Toc115094075][bookmark: _Toc123218098][bookmark: _Toc123219941][bookmark: _Toc124186643]8.3.1.2	Minimum Requirement
The minimum requirement is in TS 36.108 [2] subclause 8.3.9.1 and 8.3.9.2.
[bookmark: _Toc21018119][bookmark: _Toc29486582][bookmark: _Toc29757272][bookmark: _Toc29758385][bookmark: _Toc35952950][bookmark: _Toc37174950][bookmark: _Toc37176831][bookmark: _Toc45831906][bookmark: _Toc45832631][bookmark: _Toc52547559][bookmark: _Toc61111311][bookmark: _Toc67911341][bookmark: _Toc75185518][bookmark: _Toc76501276][bookmark: _Toc82895330][bookmark: _Toc98570102][bookmark: _Toc115094076][bookmark: _Toc123218099][bookmark: _Toc123219942][bookmark: _Toc124186644]8.3.1.3	Test purpose
The test shall verify the receiver’s ability to detect ACK under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21018120][bookmark: _Toc29486583][bookmark: _Toc29757273][bookmark: _Toc29758386][bookmark: _Toc35952951][bookmark: _Toc37174951][bookmark: _Toc37176832][bookmark: _Toc45831907][bookmark: _Toc45832632][bookmark: _Toc52547560][bookmark: _Toc61111312][bookmark: _Toc67911342][bookmark: _Toc75185519][bookmark: _Toc76501277][bookmark: _Toc82895331][bookmark: _Toc98570103][bookmark: _Toc115094077][bookmark: _Toc123218100][bookmark: _Toc123219943][bookmark: _Toc124186645]8.3.1.4	Method of test
[bookmark: _Toc21018121][bookmark: _Toc29486584][bookmark: _Toc29757274][bookmark: _Toc29758387][bookmark: _Toc35952952][bookmark: _Toc37174952][bookmark: _Toc37176833][bookmark: _Toc45831908][bookmark: _Toc45832633][bookmark: _Toc52547561][bookmark: _Toc61111313][bookmark: _Toc67911343][bookmark: _Toc75185520][bookmark: _Toc76501278][bookmark: _Toc82895332][bookmark: _Toc98570104][bookmark: _Toc115094078][bookmark: _Toc123218101][bookmark: _Toc123219944][bookmark: _Toc124186646]8.3.1.4.1	Initial Conditions
Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause 4.7
1)	Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generators to all SAN antenna connectors for diversity reception via a combining network as shown in Annex I.3.2.
[bookmark: _Toc21018122][bookmark: _Toc29486585][bookmark: _Toc29757275][bookmark: _Toc29758388][bookmark: _Toc35952953][bookmark: _Toc37174953][bookmark: _Toc37176834][bookmark: _Toc45831909][bookmark: _Toc45832634][bookmark: _Toc52547562][bookmark: _Toc61111314][bookmark: _Toc67911344][bookmark: _Toc75185521][bookmark: _Toc76501279][bookmark: _Toc82895333][bookmark: _Toc98570105][bookmark: _Toc115094079][bookmark: _Toc123218102][bookmark: _Toc123219945][bookmark: _Toc124186647]8.3.1.4.2	Procedure
1)	Adjust the AWGN generator, according to the channel bandwidth defined in Table 8.3.1.4.2-1.
Table 8.3.1.4.2-1: AWGN power level at the SAN input
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-89.7 dBm / 1.08MHz



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 Table 8.3.1.5-1 is achieved at the SAN input during the ACK transmissions.
5)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.1.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.
[image: ]
Figure 8.3.1.4.2-1: Test signal pattern for PUCCH format 1a demodulation tests
PUCCH test signals are sent with a frequency offset as described below in Table 8.3.1.4.2-2 as well as a timing offset as described below in Table 8.3.1.4.2-3.
Table 8.3.1.4.2-2: Frequency Offsets for testing PUCCH
	Channel 
	No. Repetitions
	Accumulated Frequency offset 
(Hz)

	PUCCH format 1a
	8
	4



Table 8.3.1.4.2-3: Timing Offsets for testing PUCCH
	Channel 
	No. Repetitions
	Accumulated Timing Offset 
(us)

	PUCCH format 1a
	8
	0.08



[bookmark: _Toc21018123][bookmark: _Toc29486586][bookmark: _Toc29757276][bookmark: _Toc29758389][bookmark: _Toc35952954][bookmark: _Toc37174954][bookmark: _Toc37176835][bookmark: _Toc45831910][bookmark: _Toc45832635][bookmark: _Toc52547563][bookmark: _Toc61111315][bookmark: _Toc67911345][bookmark: _Toc75185522][bookmark: _Toc76501280][bookmark: _Toc82895334][bookmark: _Toc98570106][bookmark: _Toc115094080][bookmark: _Toc123218103][bookmark: _Toc123219946][bookmark: _Toc124186648]8.3.2.5	Test Requirement
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 8.3.1.2.1-1.
Table 8.3.1.2.1-1 Minimum requirements for single user PUCCH format 1a, 1Tx
	Number of TX antennas
	Number of RX antennas
	Channel Bandwidth
	Cyclic Prefix
	Propagation conditions and
correlation matrix (Annex C)
	Repetitions
	SNR (dB)

	1
	1
	1.4MHz
	Normal
	[NTN-TDLA100-5]
	8
	TBD

	1
	2
	1.4MHz
	Normal
	[NTN-TDLA100-5]
	8
	TBD

	Note 1	Frequency Hopping: OFF
Note 2	Guard period shall be created according to TS36.211 [12], 5.2.5.



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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Performance requirements for PRACH
[bookmark: _Toc21018149][bookmark: _Toc29486612][bookmark: _Toc29757302][bookmark: _Toc29758415][bookmark: _Toc35952980][bookmark: _Toc37174980][bookmark: _Toc37176861][bookmark: _Toc45831936][bookmark: _Toc45832661][bookmark: _Toc52547589][bookmark: _Toc61111341][bookmark: _Toc67911371][bookmark: _Toc75185548][bookmark: _Toc76501306][bookmark: _Toc82895360][bookmark: _Toc98570132][bookmark: _Toc115094106][bookmark: _Toc123218129][bookmark: _Toc123219972][bookmark: _Toc124186674]8.4.1	PRACH false alarm probability and missed detection
[bookmark: _Toc21018150][bookmark: _Toc29486613][bookmark: _Toc29757303][bookmark: _Toc29758416][bookmark: _Toc35952981][bookmark: _Toc37174981][bookmark: _Toc37176862][bookmark: _Toc45831937][bookmark: _Toc45832662][bookmark: _Toc52547590][bookmark: _Toc61111342][bookmark: _Toc67911372][bookmark: _Toc75185549][bookmark: _Toc76501307][bookmark: _Toc82895361][bookmark: _Toc98570133][bookmark: _Toc115094107][bookmark: _Toc123218130][bookmark: _Toc123219973][bookmark: _Toc124186675]8.4.1.1	Definition and applicability
The performance requirement of PRACH for preamble detection is determined by the two parameters: total probability of false detection of the preamble (Pfa) and the probability of detection of preamble (Pd). The performance is measured by the required SNR at probability of detection, Pd of 99%. Pfa shall be 0.1% or less.
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.
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-TDLA100-5, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.
The test preambles for normal mode are listed in table A.6-1.
[bookmark: _Toc21018151][bookmark: _Toc29486614][bookmark: _Toc29757304][bookmark: _Toc29758417][bookmark: _Toc35952982][bookmark: _Toc37174982][bookmark: _Toc37176863][bookmark: _Toc45831938][bookmark: _Toc45832663][bookmark: _Toc52547591][bookmark: _Toc61111343][bookmark: _Toc67911373][bookmark: _Toc75185550][bookmark: _Toc76501308][bookmark: _Toc82895362][bookmark: _Toc98570134][bookmark: _Toc115094108][bookmark: _Toc123218131][bookmark: _Toc123219974][bookmark: _Toc124186676]8.4.1.2	Minimum Requirement
The minimum requirement is in TS 36.108 [2] subclause 8.4.1.1 and 8.4.2.1.
[bookmark: _Toc21018152][bookmark: _Toc29486615][bookmark: _Toc29757305][bookmark: _Toc29758418][bookmark: _Toc35952983][bookmark: _Toc37174983][bookmark: _Toc37176864][bookmark: _Toc45831939][bookmark: _Toc45832664][bookmark: _Toc52547592][bookmark: _Toc61111344][bookmark: _Toc67911374][bookmark: _Toc75185551][bookmark: _Toc76501309][bookmark: _Toc82895363][bookmark: _Toc98570135][bookmark: _Toc115094109][bookmark: _Toc123218132][bookmark: _Toc123219975][bookmark: _Toc124186677]8.4.1.3	Test purpose
The test shall verify the receiver’s ability to detect PRACH preamble under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21018153][bookmark: _Toc29486616][bookmark: _Toc29757306][bookmark: _Toc29758419][bookmark: _Toc35952984][bookmark: _Toc37174984][bookmark: _Toc37176865][bookmark: _Toc45831940][bookmark: _Toc45832665][bookmark: _Toc52547593][bookmark: _Toc61111345][bookmark: _Toc67911375][bookmark: _Toc75185552][bookmark: _Toc76501310][bookmark: _Toc82895364][bookmark: _Toc98570136][bookmark: _Toc115094110][bookmark: _Toc123218133][bookmark: _Toc123219976][bookmark: _Toc124186678]8.4.1.4	Method of test
[bookmark: _Toc21018154][bookmark: _Toc29486617][bookmark: _Toc29757307][bookmark: _Toc29758420][bookmark: _Toc35952985][bookmark: _Toc37174985][bookmark: _Toc37176866][bookmark: _Toc45831941][bookmark: _Toc45832666][bookmark: _Toc52547594][bookmark: _Toc61111346][bookmark: _Toc67911376][bookmark: _Toc75185553][bookmark: _Toc76501311][bookmark: _Toc82895365][bookmark: _Toc98570137][bookmark: _Toc115094111][bookmark: _Toc123218134][bookmark: _Toc123219977][bookmark: _Toc124186679]8.4.1.4.1	Initial Conditions
Test environment:	Normal, see subclause D.2.
RF channels to be tested:	M; see subclause 4.7
1)	Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generators to all SAN antenna connectors for diversity reception via a combining network as shown in Annex I.3.1 or Annex I.3.2 as applicable.
[bookmark: _Toc21018155][bookmark: _Toc29486618][bookmark: _Toc29757308][bookmark: _Toc29758421][bookmark: _Toc35952986][bookmark: _Toc37174986][bookmark: _Toc37176867][bookmark: _Toc45831942][bookmark: _Toc45832667][bookmark: _Toc52547595][bookmark: _Toc61111347][bookmark: _Toc67911377][bookmark: _Toc75185554][bookmark: _Toc76501312][bookmark: _Toc82895366][bookmark: _Toc98570138][bookmark: _Toc115094112][bookmark: _Toc123218135][bookmark: _Toc123219978][bookmark: _Toc124186680]8.4.1.4.2	Procedure
1)	Adjust the AWGN generator, according to the channel bandwidth.
Table 8.4.1.4.2-1: AWGN power level at the SAN input
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-89.7 dBm / 1.08MHz



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 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 or 8.4.1.5-4 or 8.4.1.5-5.
5)	Adjust the equipment so that the SNR specified in Table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 or 8.4.1.5-4 or 8.4.1.5-5 is achieved at the SAN input during the PRACH preambles.
6) 	The test signal generator sends a preamble and the receiver tries to detect the preamble. This pattern is repeated as illustrated in figure 8.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The following statistics are kept: the number of preambles detected in the idle period and the number of missed preambles.


Figure 8.4.1.4.2-1: PRACH preamble test pattern
PRACH prambles are sent with certain timing offsets as described below in Table 8.4.1.4.2-1.
Table 8.4.1.4.2-1: Timing Offsets for testing PRACH
	Channel 
	No. Repetitions
	Accumulated Timing Offset 
(us)

	PRACH Format 0
	8
	0.08

	PRACH Format 1
	8
	0.16

	PRACH Format 2
	16
	0.32

	PRACH Format 3
	16
	0.64
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Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in Tables 8.4.1.5-1 to 8.4.1.5-5.

Table 8.4.1.5-3: PRACH missed detection requirements for coverage enhancement (PRACH frequency hopping OFF)
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	Number of Repetitions
	SNR [dB]

	
	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3

	1
	1
	[NTN-TDLA100-5]
	[270 Hz]
	8
	TBD
	TBD
	-
	-

	
	
	
	
	16
	-
	-
	TBD
	TBD

	
	2
	[NTN-TDLA100-5]
	[270 Hz]
	8
	TBD
	TBD
	-
	-

	
	
	
	
	16
	-
	-
	TBD
	TBD

	Note 1:	Under fading channels, the PRACH detection performance may be significantly different with different PRACH Configuration Indexes. The requirements in this table are defined based on the simulation results with PRACH Configuration Indexes (3, 19, 35, 51) for Format 0, Format 1, Format 2, and Format 3 respectively.
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[bookmark: _Toc52466549][bookmark: _Toc66869534][bookmark: _Toc82894126][bookmark: _Toc76497325][bookmark: _Toc45825879][bookmark: _Toc98574798][bookmark: _Toc8682][bookmark: _Toc45826131][bookmark: _Toc45825627][bookmark: _Toc29478593][bookmark: _Toc75173509][bookmark: _Toc35933191][bookmark: _Toc37163063][bookmark: _Toc45826383][bookmark: _Toc44754199][bookmark: _Toc66872352][bookmark: _Toc37173643][bookmark: _Toc89684657][bookmark: _Toc20997914][bookmark: _Toc35935479][bookmark: _Toc37173391][bookmark: _Toc121933098][bookmark: _Toc121908812][bookmark: _Toc124186607]A.5	Fixed Reference Channels for performance requirements (QPSK 1/3)
Table A.5-1 FRC parameters for performance requirements (QPSK 1/3)
	Reference channel
	A5-1
	A5-2

	Allocated resource blocks
	1
	6

	DFT-OFDM Symbols per subframe
	12
	12

	Modulation
	QPSK
	QPSK

	Code rate
	1/3
	1/3

	Payload size (bits)
	104
	600

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Coded block size including 12bits trellis termination (bits)
	396
	1884

	Total number of bits per sub-frame
	288
	1728

	Total symbols per sub-frame
	144
	864
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Table A.6-1 Test preambles for coverage enhancement
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0
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Annex D (Normative): Propagation condition
B.1	Static propagation condition
The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment. No fading or multi-paths exist for this propagation model.
B.2	Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:
-	A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on a sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay spanned by the taps.
-	A combination of channel model parameters that include the Delay profile and the Doppler spectrum that is characterized by a classical spectrum shape and a maximum Doppler frequency.
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The delay profiles are simplified from the TR 38.811 [13] TDL models. The simplification steps are described in TS 38.108 D.2 [2].
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The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The resulting model parameters are specified in table B.2.1.1-1 and the tapped delay line models are specified in tables B.2.1.1-2 ~ B.2.1.1-4.
Table B 2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	NTN-TDLA100
	3
	100 ns
	285
	5ns

	NTN-TDLC5
	2
	5 ns
	60
	5ns



Table B.2.1.1-2: NTN-TDLA100 (DS = 100 ns)
	Tap #
	Delay (ns)
	Power (dB)
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	110
	-4.7
	Rayleigh

	3
	285
	-6.5
	Rayleigh



Table B.2.1.1-3: NTN-TDLC5 (DS = 5 ns)
	Tap #
	Delay (ns)
	Power (dB)
	Fading distribution

	1
	0
	-0.6
	LOS path

	
	0
	-8.9
	Rayleigh

	2
	60
	-21.5
	Rayleigh
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The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a combination of a channel model name and a maximum Doppler frequency, i.e., NTN-TDLA<DS>-<Doppler> or NTN-TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the maximum Doppler frequency (Hz).
Table B.2.2-1 show the propagation conditions that are used for the performance measurements in multi-path fading environment.
Table B.2.2-1: Channel model parameters for FR1
	Combination name
	Tapped delay line model
	Maximum Doppler frequency

	[NTN-TDLA100-5]
	NTN-TDLA100
	[5] Hz

	[NTN-TDLC5-5]
	NTN-TDLC5
	[5] Hz
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