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1 Introduction
Referring to the BS RF session report from RAN4#106 (Athens) meeting, the following was captured on the initially submitted TP [6] on inputs to the derivation of MU and TT values for conducted and OTA test requirements of IoT NTN: 
	R4-2302453	TP to TS 36.181: MU and TT values
					Type: other		For: Approval
					36.181 v	  CR-  rev  Cat:  (Rel-18)

					Source: Huawei, HiSilicon
Abstract: 
Based on related discussion paper, in this TP to TS 36.181 we provide inputs on the derivation of the MU and TT values for conducted and OTA test requirements of the IoT NTN SAN.
Decision:		Postponed. 



In this contribution we provide TP to TS 36.181 on MU and TT values for conducted and OTA SAN conformance testing.
2 Conclusions 
Based on the above discussion, the following proposals were formulated: 

Proposal 1: Approve the attached TP to TS 36.181.
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Annex A: TP to TS 36.181
------------------------------ Modified section ------------------------------
[bookmark: _Toc127030579]4	General	test conditions and declarations
[bookmark: _Toc127030580]4.1	Measurement uncertainties and test requirements
[bookmark: _Toc127030581]4.1.1	General
The requirements of this clause apply to all applicable tests in TS 36.181 (the present document), i.e. to all conducted tests defined for SAN type 1-H and radiated tests defined for SAN type 1-H and SAN type 1-O.
The minimum requirements are given in TS 36.108 [2]. Test Tolerances for the conducted test requirements (TT) and test Tolerances for the radiated test requirements (TTOTA) explicitly stated in the present document are given in annex C of the present document.
The test tolerances for the radiated test requirements (TTOTA) for SAN were reused from TR 37.941 [5]. Reuse of TR 37.941 [5] TTOTA values for SAN LEO radiated conformance testing is subject to the following conditions: 
-	EUT suitability to fit OTA chambers considered in TR 37.941 [5], and
-	Environmental test conditions assumed for BS testing in TR 37.941 [5].
Reuse of TR 37.941 [5] TTOTA values for SAN GEO radiated conformance testing may not be justified for some products due to too large SAN GEO antenna array dimensions, and required OTA RF chamber size.
Test Tolerances are individually calculated for each test. Test Tolerances are used to relax the minimum requirements to create test requirements.
When a test requirement differs from the corresponding minimum requirement, then the Test Tolerance applied for the test is non-zero. The Test Tolerance for the test and the explanation of how the minimum requirement has been relaxed by the Test Tolerance are given in annex C.
The radiated requirements are classified according to spatial characteristics as shown in table 4.1.1-1 and table 4.1.1-2.
Table 4.1.1-1: Overview of radiated Tx requirements
	Tx requirement
	Classification
	Coverage range
	Number of
conformance directions

	Radiated transmit power
	Directional
	OTA peak directions set
	5

	OTA SAN output power
	TRP
	N/A
	NOTE 2

	OTA output power dynamics
	Directional
	OTA peak directions set
	1

	OTA frequency error
	Directional
	OTA coverage range
	1

	OTA modulation quality
	Directional
	OTA coverage range
	5

	OTA DL RS power
	Directional
	OTA coverage range
	1	Comment by Michal Szydelko, Huawei: Please note that this value was not decided so far, i.e. number of conformance directions for OTA DL RS power. As this is directions requirement, its proposed to set it to 1.

	OTA occupied bandwidth
	Directional
	OTA coverage range
	1

	OTA ACLR
	TRP
	N/A
	NOTE 2

	OTA operating band unwanted emission
	TRP
	N/A
	NOTE 2

	OTA transmitter spurious emission:
General requirement
	TRP
	N/A
	NOTE 2

	NOTE 1:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.
NOTE 2: 	For the number of conformance test directions for the TRP measurement procedure, refer to TS 38.141-2 [x], annex I.



Table 4.1.1-2: Overview of radiated Rx requirements
	Rx requirement
	Classification
	Applicability levels
	Coverage range
	Number of

	
	
	
	
	conformance directions

	OTA sensitivity
	Directional
	Minimum EIS
	OSDD
	5

	OTA reference sensitivity level
	Directional
	OTA REFSENS
	OTA REFSENS RoAoA
	5

	OTA dynamic range
	Directional
	OTA REFSENS
	OTA REFSENS RoAoA
	1

	OTA adjacent channel selectivity
	Directional
	minSENS
	minSENS RoAoA
	1

	OTA out-of-band blocking:
General requirement
	Directional
	minSENS
	minSENS RoAoA
	1

	OTA in-channel selectivity
	Directional
	minSENS
	minSENS RoAoA
	1

	NOTE:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.
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The maximum acceptable uncertainty of the Conducted Test System and OTA Test System are specified below for each test defined explicitly in the present specification, where appropriate. The maximum acceptable uncertainty of the Test System for test requirements included by reference is defined in the respective referred test specification.
The Test System shall enable the stimulus signals in the test case to be adjusted to within the specified tolerance and the equipment under test to be measured with an uncertainty not exceeding the specified values. All tolerances and uncertainties are absolute values, and are valid for a confidence level of 95 %, unless otherwise stated.
A confidence level of 95 % is the measurement uncertainty tolerance interval for a specific measurement that contains 95 % of the performance of a population of test equipment.
For conducted RF tests, it should be noted that the uncertainties in clause 4.1.2 apply to the Test System operating into a nominal 50 ohm load and do not include system effects due to mismatch between the EUT and the Test System.
For details on measurement uncertainty budget calculation, measurement methodology description (including calibration and measurement stage for each test range), MU budget format and its contributions, refer to TR 37.941 [5], where MU analyses for the BS radiated testing were captured. The maximum OTA Test System uncertainty for FR1 OTA transmitter and receiver tests in table 4.1.2.2-2 and 4.1.2.3-2 were reused from BS MU budgets in TR 37.941 [5]. Reuse of TR 37.941 [5] MU values for SAN LEO radiated conformance testing is subject to the following conditions: 
-	EUT suitability to fit OTA chambers considered in TR 37.941 [5], and
-	Environmental test conditions assumed for BS testing in TR 37.941 [5].
Reuse of TR 37.941 [5] TTOTA values for SAN GEO radiated conformance testing may not be justified for some products due to too large SAN GEO antenna array dimensions, and required OTA RF chamber size.
4.1.2.2	Measurement of transmitter
The maximum conducted Test System uncertainty for conducted transmitter tests minimum requirements is given in table 4.1.2.2-1. And the maximum OTA Test System uncertainty for OTA transmitter tests minimum requirements is given in table 4.1.2.2-2.
Table 4.1.2.2-1: Maximum Test System uncertainty for conducted transmitter tests
	Clause
	Maximum Test System Uncertainty

	6.2 SAN output power
	±0.7 dB for E-UTRA, f ≤ 3 GHz
±1 dB for standalone NB-IoT

	6.3 Output power dynamics
	±0.4 dB

	6.5.2 Frequency error
	±12 Hz

	6.5.3 EVM
	±1%

	6.5.5 DL RS power
	±0.8 dB, f ≤ 3 GHz

	6.6.2 Occupied bandwidth
	1.4 MHz channel BW: 30 kHz

	6.6.3 Adjacent Channel Leakage power Ratio (ACLR)
	±0.8 dB

	6.6.4 Operating band unwanted emissions
	±1.5 dB, f ≤ 3 GHz

	[6.6.5.5.1.1] TX spurious emissions: General requirements
	9 kHz < f ≤ 4 GHz: ±2 dB
4 GHz < f ≤ 15 GHz: ±4 dB

	[6.6.5.5.1.2] TX spurious emissions: Protection of SAN receiver	Comment by Michal Szydelko, Huawei: [] until the section number of the test requirement is confirmed.
	±3 dB

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Table 4.1.2.2-2: Maximum OTA Test System uncertainty for OTA transmitter tests
	Clause
	Maximum OTA Test System uncertainty	Comment by Michal Szydelko, Huawei: [] on values until [] on source values in TS 38.181 are removed.  

	9.2 Radiated transmit power
	[±1.1] dB for E-UTRA, f ≤ 3 GHz
±[1.4] dB for standalone NB-IoT

	9.3 OTA SAN output power
	[±1.4] dB, f ≤ 3 GHz

	9.4.3 OTA total power dynamic range 
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86][±0.4] dB

	9.6.2 OTA frequency error
	[±12] Hz

	9.6.3 OTA EVM
	[±1] %

	9.6.5 OTA DL RS power
	[±1.1] dB

	9.7.2 OTA occupied bandwidth
	1.4 MHz channel BW: 30 kHz

	9.7.3 OTA ACLR
	[±1] dB, f ≤ 3 GHz

	9.7.4 OTA operating band unwanted emissions
	Absolute power: [±1.8] dB, f ≤ 3 GHz

	[9.7.5.5.1] OTA TX spurious emissions: General requirements	Comment by Michal Szydelko, Huawei: [] until the section number of the test requirement is confirmed.
	[±2.3] dB, 30 MHz < f ≤ 6 GHz
[±4.2] dB, 6 GHz < f ≤ 15 GHz

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.
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The maximum conducted Test System uncertainty for conducted receiver tests minimum requirements are given in table 4.1.2.3-1, and the maximum OTA Test System uncertainty for OTA receiver tests minimum requirements are given in table 4.1.2.3-2.
Table 4.1.2.3-1: Maximum Test System Uncertainty for conducted receiver tests
	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.2 Reference sensitivity level
	For E-UTRA: ±0.7 dB, f ≤ 3 GHz
For standalone NB-IoT: ±1 dB, f ≤ 3 GHz
	

	7.3 Dynamic range
	±0.3 dB
	Overall system uncertainty for static conditions is equal to signal-to-noise ratio uncertainty.
Signal-to-noise ratio uncertainty ±0.3 dB
Definitions of signal-to-noise ratio, AWGN and related constraints are given in Table 4.1.2-3.

	7.4.1 Adjacent channel selectivity 
	±1.4 dB, f ≤ 3 GHz
	Overall system uncertainty comprises three quantities:
1. Wanted signal level error
2. Interferer signal level error
3. Additional impact of interferer ACLR
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer ACLR effect is systematic, and is added aritmetically.
Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2) + ACLR effect.
f ≤ 3 GHz
Wanted signal level ± 0.7 dB
Interferer signal level ± 0.7 dB

	7.5 Out-of-band blocking
	fwanted ≤ 3GHz
1 MHz < finterferer ≤ 3 GHz: ±1.3 dB
3 GHz < finterferer ≤ 4.2 GHz: ±1.5 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB
	Overall system uncertainty can have these contributions:
1. Wanted signal level error
2. Interferer signal level error
3. Interferer ACLR
4. Interferer broadband noise
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer ACLR or Broadband noise effect is systematic, and is added aritmetically.
Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2) + ACLR effect  + Broadband noise effect.
Out of band blocking, using CW interferer:
Wanted signal level: ± 0.7 dB f ≤ 3 GHz
Interferer signal level:± 1.0 dB up to 3 GHz
Interferer ACLR not applicable.
Impact of interferer Broadband noise 0.1 dB.

	7.8 In-channel selectivity
	±1.4 dB, f ≤ 3 GHz
	Overall system uncertainty comprises three quantities:
1. Wanted signal level error
2. Interferer signal level error
3. Additional impact of interferer leakage
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer leakage effect is systematic, and is added aritmetically.
Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2) + leakage effect.
f ≤ 3 GHz:
Wanted signal level ± 0.7dB
Interferer signal level ± 0.7dB

	NOTE 1:	Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.
NOTE 2:	The Test equipment ACLR requirement for a specified uncertainty contribution is calculated as below:
	a) 	The wanted signal to noise ratio for Reference sensitivity is calculated based on a 5 dB noise figure
	b) 	The same wanted signal to (noise + interference) ratio is then assumed at the desensitisation level according to the ACS test conditions
	c) 	The noise is subtracted from the total (noise + interference) to compute the allowable SAN adjacent channel interference. From this an equivalent SAN ACS figure can be obtained
	d) 	The contribution from the Test equipment ACLR is calculated to give a 0.4 dB additional rise in interference. This corresponds to a Test equipment ACLR which is 10.2 dB better than the SAN ACS
	e) 	This leads to the following Test equipment ACLR requirements for the interfering signal:
Adjacent channel Selectivity
E-UTRA 1.4 MHz channel bandwidth: 56 dB
Stand-alone NB-IoT 200 kHz channel bandwidth: 56 dB



Table 4.1.2.3-2: Maximum OTA Test System uncertainty for FR1 OTA receiver tests
	Clause
	Maximum OTA Test System uncertainty	Comment by Michal Szydelko, Huawei: [] on values until [] on source values in TS 38.181 are removed.  

	10.2 OTA sensitivity
	[±1.3] dB for E-UTRA, f ≤ 3 GHz
[±1.6] dB for standalone NB-IoT	Comment by Michal Szydelko - revisions, Huawei: Reuse of 0.3 dB delta (as offset over the E-UTRA value) to be confirmed by the next meeting.

	10.3 OTA reference sensitivity level
	[±1.3] dB for E-UTRA, f ≤ 3 GHz
[±1.6] dB for standalone NB-IoT	Comment by Michal Szydelko - revisions, Huawei: Reuse of 0.3 dB delta (as offset over the E-UTRA value) to be confirmed by the next meeting.

	10.4 OTA dynamic range 
	[±0.3] dB

	10.5.1 OTA adjacent channel selectivity
	[±1.7] dB, f ≤ 3 GHz

	10.6 OTA out-of-band blocking
	fwanted ≤ 3 GHz:
[±2] dB, finterferer ≤ 3 GHz
[±2.1] dB, 3 GHz < finterferer ≤ 6 GHz
[±3.5] dB, 6 GHz < finterferer ≤ 12.75 GHz

	10.9 OTA in-channel selectivity 
	[±1.7] dB, f ≤ 3 GHz

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



[bookmark: _Toc127030586]4.1.3	Interpretation of measurement results
The measurement results returned by the Test System are compared - without any modification - against the test requirements as defined by the Shared Risk principle.
The Shared Risk principle is defined in Recommendation ITU-R M.1545 [4].
The actual measurement uncertainty of the Test System for the measurement of each parameter shall be included in the test report.
The recorded value for the Test System uncertainty shall be, for each measurement, equal to or lower than the appropriate figure in clause 4.1.2 of the present document.
If the Test System for a test is known to have a measurement uncertainty greater than that specified in clause 4.1.2, it is still permitted to use this apparatus provided that an adjustment is made as follows.
Any additional uncertainty in the Test System over and above that specified in clause 4.1.2 shall be used to tighten the test requirement, making the test harder to pass. For some tests e.g. receiver tests, this may require modification of stimulus signals. This procedure will ensure that a Test System not compliant with clause 4.1.2 does not increase the chance of passing a device under test where that device would otherwise have failed the test if a Test System compliant with clause 4.1.2 had been used.
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Test tolerances and derivation of test requirements
The test requirements explicitly defined in this specification have been calculated by relaxing the minimum requirements of the core specification TS 36.108 [2] using the test tolerances (TT) defined here. When the TT value is zero, the test requirement will be the same as the minimum requirement. When the TT value is non-zero, the test requirements will differ from the minimum requirements, and the formula used for this relaxation is given in the following tables.
The TTOTA values are derived from OTA Test System uncertainties, regulatory requirements and criticality to system performance. As a result, the TTOTA values may sometimes be set to zero.
The TTOTA values should not be modified for any reason e.g. to take account of commonly known OTA Test System errors (such as mismatch, cable loss, etc.).
Note that a formula for applying TTOTA values is provided for all OTA tests, even those with a test tolerance of zero. This is necessary in the case where the OTA Test System uncertainty is greater than that allowed in clause 4.1.2. In this event, the excess error shall be subtracted from the defined TTOTA value in order to generate the correct tightened test requirements as defined in this annex.
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Table C.1-1: Derivation of test requirements for conducted transmitter tests
	Test 
	Minimum requirement in TS 36.108 [2]
	Test Tolerance
(TT)
	Test requirement in the present document

	6.2 SAN output power
	clause 6.2
	0.7 dB for E-UTRA
1 dB for standalone NB-IoT
	Formula:
Upper limit + TT, Lower limit - TT

	6.3.3 Total power dynamic range
	clause 6.3.3
	0.4 dB
	Formula:
Total power dynamic range – TT 

	6.5.2 Frequency error
	clause 6.5.1
	12 Hz
	Formula:
Frequency Error limit + TT

	6.5.3 EVM
	clause 6.5.2
	1%
	Formula:
EVM limit + TT

	6.5.5 DL RS power
	clause 6.5.4
	0.8 dB, f ≤ 3 GHz
	Formula:
Upper limit + TT
Lower limit - TT
DL RS power shall be within 2.9 dB, f ≤ 3 GHz

	6.6.2 Occupied bandwidth
	clause 6.6.2
	0 Hz
	Formula:
Minimum Requirement + TT

	6.6.3 Adjacent Channel Leakage power Ratio (ACLR)
	clause 6.6.3
	BW ≤ 20 MHz: 0.8 dB
	Formula:
ACLR Minimum Requirement - TT

	6.6.4 Operating band unwanted emissions
	clause 6.6.4
	Offsets < 10 MHz: 1.5 dB, f ≤ 3 GHz

Offsets ≥ 10 MHz: 0 dB
	Formula:
Minimum Requirement + TT

	[6.6.5.5.1.1] TX spurious emissions: General requirements
	clause 6.6.5.2.1
	0 dB
	Formula:
Minimum Requirement + TT

	[6.6.5.5.1.2] TX spurious emissions: Protection of SAN receiver	Comment by Michal Szydelko, Huawei: [] until the section number of the test requirement is confirmed.
	clause 6.6.5.2.2
	0 dB
	Formula:
Minimum Requirement + TT 

	NOTE:	TT values are applicable for normal condition unless otherwise stated.



Table C.1-2: Derivation of test requirements for OTA transmitter tests
	Test 
	Minimum requirement in TS 36.108 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	9.2 Radiated transmit power
	clause 9.2
	E-UTRA: 1.1 dB
Standalone NB-IoT: [1.4] dB
	Formula: Upper limit + TT, Lower limit – TT

	9.3 OTA SAN output power
	clause 9.3
	E-UTRA: 1.4 dB
Standalone NB-IoT: [1.7] dB
	Formula: Upper limit + TT, Lower limit – TT

	9.4.3 OTA total power dynamic range 
	clause 9.4.3
	0.4 dB
	Formula: Total power dynamic range – TT

	9.6.2 OTA frequency error
	clause 9.6.1
	12 Hz
	Formula: Frequency Error limit + TT

	9.6.3 OTA EVM
	clause 9.6.2
	1%
	Formula: EVM limit + TT

	9.6.5 OTA DL RS power
	clause 9.6.4
	3.2 dB
	Formula: limit + TT

	9.7.2 OTA occupied bandwidth
	clause 9.7.2
	0 Hz
	Formula: Minimum Requirement + TT

	9.7.3 OTA ACLR
	clause 9.7.3
	1 dB, f ≤ 3 GHz
	Formula: Relative limit - TT

	9.7.4 OTA operating band unwanted emissions
	clause 9.7.4
	Offsets < 10 MHz: 1.8 dB
Offsets ≥ 10 MHz: 0 dB
	Formula: Minimum Requirement + TT

	[9.7.5.5.1] OTA TX spurious emissions: General requirements	Comment by Michal Szydelko, Huawei: [] until the section number of the test requirement is confirmed.
	clause 9.7.5.2.2
	0 dB
	Formula: Minimum Requirement + TT

	NOTE:	TT values are applicable for normal condition unless otherwise stated.
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Table C.2-1: Derivation of test requirements for conducted receiver tests
	Test 
	Minimum requirement in TS 36.108 [2]
	Test Tolerance
(TT)
	Test requirement in the present document

	7.2 Reference sensitivity level
	clause 7.2
	E-UTRA: 0.7 dB, f ≤ 3 GHz
Standalone NB-IoT: 1 dB
	Formula: Reference sensitivity power level + TT

	7.3 Dynamic range
	clause 7.3
	0.3 dB
	Formula: Wanted signal power + TT

	7.4.1 Adjacent Channel Selectivity (ACS)
	clause 7.4
	0 dB
	Formula: Wanted signal power + TT

	7.5 Out-of-band blocking
	clause 7.5
	0 dB
	Formula: Wanted signal power + TT

	7.8 In-channel selectivity
	clause 7.8
	1.4 dB
	Formula: Wanted signal power + TT

	NOTE:	TT values are applicable for normal condition unless otherwise stated.



Table C.2-2: Derivation of test requirements for OTA receiver tests
	Test 
	Minimum requirement in TS 36.108 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	10.2 OTA sensitivity
	clause 10.2
	E-UTRA: 1.3 dB
Standalone NB-IoT: [1.6] dB
	Formula: Declared Minimum EIS + TT

	10.3 OTA reference sensitivity level
	clause 10.3
	E-UTRA: 1.3 dB
Standalone NB-IoT: [1.6] dB
	Formula: EISREFSENS + TT

	10.4 OTA dynamic range
	clause 10.4
	0.3 dB
	Formula: Wanted signal power + TT
Interferer signal power unchanged.

	10.5.1 OTA adjacent channel selectivity
	clause 10.5.1
	0 dB
	Formula: Wanted signal power + TT
Interferer signal power unchanged.

	10.6 OTA out-of-band blocking
	clause 10.6
	0 dB
	Formula: Wanted signal power + TT
Interferer signal power unchanged.

	10.9 OTA in-channel selectivity
	clause 10.9
	1.7 dB
	Formula: Wanted signal power + TT
Interferer signal power unchanged

	NOTE:	TT values are applicable for normal condition unless otherwise stated.


------------------------------ End of modified section ------------------------------

