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1	Introduction
Based on discussion in [2], in this contribution we provide TP to TS 38.141-2 v1.1.0 [1], for addition of missing annexes.
It is proposed to collect feedback, if certain annexes could be avoided without removing any crucial testing related information.
Similar TP to TS 38.141-a v1.1.0 was submitted in [3].
2	Discussion
Based on [2], the following actions were proposed for TS 38.141-2 per identified annex:
	
	Annex title
	Proposed action for TS 38.141-2
	Implementation in TP

	1
	Error Vector Magnitude (FR1) 
Error Vector Magnitude (FR2) 
	Annex of Global In-Channel TX-Test will be added (see below), which includes EVM. Therefore, no separate annex for EVM is needed.
	This annex has been drafted based on FR1 EVM and FR2 EVM merged annex as in DraftCR to TS38.104 in [4].
It required further study, whether the existing EVM part requires extensions towards “Global In-Channel TX-Test”. 
EVM window length was removed from this annex as already captured in the EVM test requirement text in 6.6.3.5. 
Implemented in the reused annex F.

	2
	Global In-Channel TX-Test
	Add this annex by reusing the above-mentioned merged EVM annex in [5].
	

	3
	Characteristics of interfering signals
	“Characteristics of interfering signals” is missing in TS 38.141-2. To be added. 
Nokia to provide missing annex content. 
	Placeholder implemented as annex H.
Nokia to provide missing content.

	4
	Propagation conditions 
	As this is directly related to the testing, it is proposed to add this annex.
	Placeholder implemented as annex J. Content to be aligned with the TS38.104 (not yet available).



	5
	Calculation of EIRP based on manufacturer declarations and site-specific conditions
	No action needed.
	-

	6
	Measurement system set-up
	Align the terminology in TS 38.141-2: Rename the existing “OTA test system set-up” to “OTA measurement system set-up”
	Annex E name corrected. 

	7
	Estimation of Measurement Uncertainty
	Remove the “Estimation of Measurement Uncertainty” annex from TS 38.141-2 and add MU-related text add to the clause 4 (MU), if needed.
	Annex F reused for “Global In-Channel TX-Test”. 
For the details on derivation of the MU: one sentence was added to subclause 4.1.2.1, referring to eAAS TR. 

	8
	Format and interpretation of tests 
	In email discussion: Option 1: Mirror the same “Format and interpretation of tests” from TS 38.141-2 to TS 38.141-1. 
Option 2: removed from Annex and add it back to section 4 of TS 38.141-1 and TS 38.141-2 as a new sub-section
Recommended action after email discussion: Removed from Annex and add it back to section 4 of TS 38.141-2 as a new sub-section
	Content moved to clause 4.13.

	9
	General rules for statistical testing
	In email discussion: Option 1: Add “General rules for statistical testing” to both TS 38.141-1 and TS 38.141-2
Option 2: do not add this annex since there is no content

Recommended action after email discussion:
Option 2
	-

	10
	Measuring noise close to noise-floor
	Add a similar annex to the OTA test spec TS 38.141-2.
	Mirrored from AAS spec. 
Placeholder implemented as annex K and referred in Tx spur section. 

	11
	Test system characterization
	Add a similar annex to OTA test spec TS 38.141-2. 
	Placeholder implemented as annex L.

	12
	E-UTRAN Measurement Test Cases
	In email discussion:
Option 1: Add an annex “NR Measurement Test Cases” to both TS 38.141-1 and TS 38.141-2
Option 2: do not add this annex since there is no content

Recommended action after email discussion:
Option 2
	-

	13
	Unwanted emission requirements for multi-carrier BS
	Annex not needed.
	-



3	Conclusions
The following proposal is formulated:
Proposal 1: agree on the attached TP to TS 38.141-2, for addition of missing annexes. 
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TP to TS 38.141-2, v1.1.0
------------------------------ Modified section ------------------------------
[bookmark: _Toc527700056]4	General radiated test conditions and declarations
[bookmark: _Toc481685273][bookmark: _Toc527700057]4.1	Measurement uncertainties and test requirements 
[bookmark: _Toc510722681][bookmark: _Toc492876410][bookmark: _Toc486926584][bookmark: _Toc527700058]4.1.1	General
The requirements of this clause apply to all applicable tests in 3GPP TS 38.141-2 (the present document), i.e. to all radiated tests defined for BS type 1-H, BS type 1-O and BS type 2-O.
The minimum requirements are given in TS 38.104 [2]. Test Tolerances for the radiated test requirements (TTOTA) explicitly stated in the present document are given in annex C. 
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.
Table 4.1.1-1: Overview of radiated Tx requirements
	Tx requirement
	Classification
(Note)
	Notes

	Radiated transmit power

	Directional – OTA peak directions set
	This requirement is based on Rel-13 AAS BS requirement for EIRP accuracy.

	OTA BS output power

	TRP
	

	OTA output power dynamics

	Directional – OTA peak directions set
	Conformance testing is carried in the reference direction.

	OTA transmit ON/OFF power

	FR1
	FR2
	

	
	Co-location
	TRP
	

	OTA transient period

	Co-location
	

	OTA modulation quality 
 
	Directional – OTA coverage range
	Conformance testing is carried in the reference direction and the maximum directions of the OTA coverage range on each axis.

	OTA frequency error
	Directional – OTA coverage range
	Conformance testing is carried out in the reference direction.

	OTA time alignment error 
	Directional – OTA coverage range
	Conformance testing is carried out in the reference direction.

	OTA occupied bandwidth
	Directional – OTA coverage range
	Conformance testing is carried out in the reference direction.

	OTA ACLR
	TRP
	

	OTA operating band unwanted emission 
	TRP
	

	


OTA transmitter spurious emission 
	General requirement
	TRP
	For FR1 and FR2.

	
	Protection of the BS receiver of own or different BS
	Co-location
	For FR1 only.

	
	Additional spurious emissions
	TRP
	For FR1 only.

	
	Co-location with other base stations
	Co-location
	For FR1 only.

	OTA transmitter intermodulation 
	Co-location
	For FR1 only.

	NOTE:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.



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

	
	
	FR1
	FR2
	FR1
	FR2
	

	OTA sensitivity
	Directional
	Minimum EIS
	N/A
	OSDD
	N/A
	5

	OTA reference sensitivity

	Directional
	OTA REFSENS
	OTA REFSENS
	
OTA REFSENS RoAoA
	5

	OTA Dynamic range
	Directional
	OTA REFSENS
	N/A
	OTA REFSENS RoAoA
	N/A
	1

	OTA adjacent channel selectivity
	 Directional
	minSENS
	OTA REFSENS
	minSENS RoAoA
	OTA REFSENS RoAoA
	1

	OTA in-band blocking
	Directional
	OTA REFSENS and minSENS
	
OTA REFSENS
	OTA REFSENS RoAoA and minSENS RoAoA
	OTA REFSENS RoAoA
	5

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

	
	Co-location with other base stations
	Co-location (Note 2)
	minSENS
	N/A
	minSENS RoAoA
	N/A
	1

	OTA receiver spurious emissions
	TRP
	N/A
	N/A
	N/A

	OTA receiver intermodulation
	Directional
	OTA REFSENS and minSENS
	OTA REFSENS
	OTA REFSENS RoAoA and minSENS RoAoA
	OTA REFSENS RoAoA
	1

	OTA in-channel selectivity
	Directional
	minSENS
	OTA REFSENS
	minSENS RoAoA
	OTA REFSENS RoAoA
	1

	NOTE 1:	Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a time.
NOTE 2:	The compliance direction for co-location blocking is applicable for the wanted signal only but not the interfering signal.



[bookmark: _Toc498537770][bookmark: _Toc492876411][bookmark: _Toc486926585][bookmark: _Toc510722682][bookmark: _Toc527700059]4.1.2	Acceptable uncertainty of OTA Test System
[bookmark: _Toc510722683][bookmark: _Toc506487894][bookmark: _Toc494455074][bookmark: _Toc527700060]4.1.2.1	General
The maximum acceptable uncertainty of the OTA Test System is specified below for each radiated test defined explicitly in the present specification, where appropriate. 
The OTA Test System shall enable the stimulus signals in the test case to be adjusted to within the specified tolerance and the DUT 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 details on measurement uncertainty budget calculation, OTA measurement methodology description (including calibration and measurement stage for each test range), MU budget format and its contributions, refer to TR 37.843 [].
------------------------------ Next modified section ------------------------------
[bookmark: _Toc503966183][bookmark: _Toc527700107]4.12	Co-location requirements
------------------------------ Unchanged part omitted ------------------------------
4.13	Format and interpretation of tests
Each test has a standard format:
X	Title
All tests are applicable to all equipment within the scope of the present document, unless otherwise stated.
X.1	Definition and applicability
This subclause gives the general definition of the parameter under consideration and specifies whether the test is applicable to all equipment or only to a certain subset. Required manufacturer declarations may be included here.
X.2	Minimum requirement
This subclause contains the reference to the subclause to the 3GPP reference (or core) specification which defines the minimum requirement.
X.3	Test purpose
This subclause defines the purpose of the test.
X.4	Method of test
X.4.1	General
In some cases there are alternative test procedures or initial conditions. In such cases, guidance for which initial conditions and test procedures can be applied are stated here. In the case only one test procedure is applicable, that is stated here.
X.4.2y 	First test method
X.4.2y.1	Initial conditions 
This subclause defines the initial conditions for each test, including the test environment, the RF channels to be tested and the basic measurement set-up. The OTA Test System is assumed to be correctly calibrated as part of the initial conditions. Calibration is not explicitly mentioned.
X.4.2y.2	Procedure
This subclause describes the steps necessary to perform the test and provides further details of the test definition like domain (e.g. frequency-span), range, weighting (e.g. bandwidth), and algorithms (e.g. averaging). The procedure may comprise data processing of the measurement result before comparison with the test requirement (e.g. average result from several measurement positions).
X.4.3y		Alternative test method (if any)
If there are alternative test methods, each is described with its initial conditions and procedures.
X.5	Test requirement
This subclause defines the pass/fail criteria for the equipment under test, see subclause 4.1.3 (Interpretation of measurement results). Test requirements for every minimum requirement referred in subclause X.2 are listed here. Cases where minimum requirements do not apply need not be mentioned.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc527700250]6.7.5.3	Protection of the BS receiver of own or different BS
[bookmark: _Toc527700251]6.7.5.3.1	Definition and applicability
This requirement shall be applied for NR FDD operation in order to prevent the receivers of own or a different BS of the same band being desensitised by emissions from a type 1-O BS. 
This requirement is a co-location requirement as defined in subclause 4.9, in 3GPP TS 38.104 [1], the power levels are specified at the CLTA output.
[bookmark: _Toc527700252]6.7.5.3.2	Minimum requirements
The minimum requirement for NR BS type 1-O is defined in 3GPP TS 38.104 [1], subclause 9.7.5.2.
[bookmark: _Toc527700253]6.7.5.3.3	Test purpose
For OTA co-location spurious emission, the test purpose is to verify that the emission is within the specified requirement limits at the CLTA conducted output(s).
[bookmark: _Toc527700254]6.7.5.3.4	Method of test
[bookmark: _Toc527700255]6.7.5.3.4.1		Initial conditions
Test environment: 	Normal; see annex B.2.
RF channels to be tested for single carrier: 	M; see subclause 4.9.1.
Base Station RF Bandwidth positions to be tested for multi-carrier: MRFBW in single-band RIB, see subclause 4.9.1; BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band RIB, see subclause 4.9.1.
In addition, for multi-band RIB:
-	For BRFBW_T'RFBW, emission testing above the highest operating band may be omitted.
-	For B'RFBW_TRFBW, emission testing below the lowest operating band may be omitted.
Directions to be tested: The requirement is specified as co-location requirement. For general description of co-location requirements, refer to subclause 4.12.
The co-location spurious emission is measured at the CLTA conducted output(s).
[bookmark: _Toc527700256]6.7.5.3.4.2		Procedure
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing the specified measurements.

1. Select and place the NR BS and CLTA as described in subclause 4.12 with parameters as specified in table 4.12.2.2-1 and table 4.12.2.3-1.
1. Several CLTAs might be required to cover the whole co-location spurious emission frequency ranges.
1. [bookmark: _Hlk508280732]Place test antenna in reference direction at far-field distance, aligned in all supported polarizations (single or dual) with the NR BS as depicted in annex E1.3.
1. The test antenna shall be dual (or single) polarized with the same frequency range as the NR BS for co-location spurious emission test case. 
1. Connect test antenna and CLTA to the measurement equipment as depicted in annex E1.3. 
1. OTA co-location spurious emission is measured as the power sum over all supported polarizations at the CLTA conducted output(s).
1. The measurement device (signal analyzer) characteristics shall be:
-  Detection mode: True RMS.
7) Set the BS type 1-O to transmit:
-	Set the NR BS to transmit maximum power according to the applicable test configuration in subclause 4.7 using the corresponding test models or set of physical channels in subclause 4.9.2. 
9) 	Measure the emission at the specified frequencies with specified measurement bandwidth and note that the measured value does not exceed the test requirement in subclause 6.7.5.3.5.
NOTE:	An alternative measurement method to be used for measuring the OTA emission is described in annex K.
In addition, for multi-band RIB, the following steps shall apply:
10)	For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc527700415][bookmark: _Toc494408857]Annex A (normative):
Reference measurement channels
[bookmark: _Toc518862206][bookmark: _Toc527700416]A.1	Fixed Reference Channels for receiver sensitivity and in-channel selectivity (QPSK, R=1/3)
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The parameters for the reference measurement channels are specified in table A.1-1 for FR1 receiver sensitivity and in-channel selectivity. 
The parameters for the reference measurement channels are specified in table A.1-2 for FR2 receiver sensitivity and in-channel selectivity. 
Table A.1-1: FRC parameters for FR1 receiver sensitivity and in-channel selectivity
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Reference channel
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK40][bookmark: OLE_LINK41]G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6
	G-FR1-A1-7
	G-FR1-A1-8
	G-FR1-A1-9

	Subcarrier spacing [kHz]
	15
	30
	60
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24
	15
	6
	6

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	[bookmark: OLE_LINK19]12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	[bookmark: _Hlk499884117]Payload size (bits)
	2152
	984
	984
	9224
	4352
	2088
	1320
	528
	528

	Transport block CRC (bits)
	16
	16
	16
	24
	24
	16
	16
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	24
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	2
	1
	1
	1
	1
	1

	Code block size including CRC (bits)
(Note 3)
	2168
	1000
	1000
	4648
	4376
	2104
	1336
	544
	544

	Total number of bits per slot
	7200
	3168
	3168
	30528
	14688
	6912
	4320
	1728
	1728

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456
	2160
	864
	864

	

NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2: 	MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity.

NOTE 3: 	Code block size including CRC (bits) equals to  in TS 38.212 [19], subclause 5.2.2.



Table A.1-2: FRC parameters for FR2 receiver sensitivity and in-channel selectivity
	Reference channel
	G-FR2-A1-1
	G-FR2-A1-2
	G-FR2-A1-3
	G-FR2-A1-4
	G-FR2-A1-5

	Subcarrier spacing [kHz]
	60
	120
	120
	60
	120

	Allocated resource blocks
	66
	32
	66
	33
	16

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3

	[bookmark: _Hlk499884172]Payload size (bits)
	5632
	2792
	5632
	2856
	1416

	Transport block CRC (bits)
	24
	16
	24
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	1
	1

	Code block size including CRC (bits)
(Note 3)
	5656
	2808
	5656
	2872
	1432

	Total number of bits per slot
	19008
	9216
	19008
	9504
	4608

	Total symbols per slot
	9504
	4608
	9504
	4752
	2304

	

NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2: 	MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity.

NOTE 3: 	Code block size including CRC (bits) equals to  in TS 38.212 [19], subclause 5.2.2.



[bookmark: _Toc518862207][bookmark: _Toc527700417]A.2	Fixed Reference Channels for dynamic range (16QAM, R=2/3)
The parameters for the reference measurement channels are specified in table A.2-1 for dynamic range.
Table A.2-1: FRC parameters for dynamic range
	Reference channel
	G-FR1-A2-1
	G-FR1-A2-2
	G-FR1-A2-3
	G-FR1-A2-4
	G-FR1-A2-5
	G-FR1-A2-6

	Subcarrier spacing [kHz]
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	[bookmark: OLE_LINK104][bookmark: OLE_LINK105]CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	2/3
	2/3
	2/3
	2/3
	2/3
	2/3

	[bookmark: _Hlk498674609][bookmark: _Hlk499884224]Payload size (bits)
	9224
	4032
	4032
	38936
	18960
	8968

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	-
	-
	24
	24
	24

	Number of code blocks - C
	2
	1
	1
	5
	3
	2

	[bookmark: _Hlk498674598]Code block size including CRC (bits)
(Note 3)
	4648
	4056
	4056
	7816
	6352
	4520

	Total number of bits per slot
	14400
	6336
	6336
	61056
	29376
	13824

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456

	

NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2: 	MCS index 16 and target coding rate = 658/1024 are adopted to calculate payload size for dynamic range. 

NOTE 3: 	Code block size including CRC (bits) equals to  in TS 38.212 [19], subclause 5.2.2.




[bookmark: _Toc510722768][bookmark: _Toc527700418]Annex B (normative):
Environmental requirements for the BS equipment
[bookmark: _Toc487413543][bookmark: _Toc498542776][bookmark: _Toc510722769][bookmark: _Toc527700419]B.1	General
For each test in the present document, the environmental conditions under which the BS is to be tested are defined.
For OTA requirements where it is not possible to environmentally control the entire calibrated OTA chamber either localised control of the BS hardware or alternative OTA measurements which are then related to the original specification are acceptable.
[bookmark: _Toc487413544][bookmark: _Toc498542777][bookmark: _Toc510722770][bookmark: _Toc527700420]B.2	Normal test environment
When a normal test environment is specified for a test, the test should be performed within the minimum and maximum limits of the conditions stated in table D.1.
Table B.1: Limits of conditions for normal test environment
	Condition
	Minimum
	Maximum

	Barometric pressure
	86 kPa
	106 kPa

	Temperature
	15 C
	30 C

	Relative humidity 
	20 %
	85 %

	Power supply
	Nominal, as declared by the manufacturer

	Vibration
	Negligible



The ranges of barometric pressure, temperature and humidity represent the maximum variation expected in the uncontrolled environment of a test laboratory. If it is not possible to maintain these parameters within the specified limits, the actual values shall be recorded in the test report.
NOTE:	This may, for instance, be the case for measurements of radiated emissions performed on an open field test site.
[bookmark: _Toc487413545][bookmark: _Toc498542778][bookmark: _Toc510722771][bookmark: _Toc527700421]B.3	Extreme test environment
The manufacturer shall declare one of the following:
1)	The equipment class for the equipment under test, as defined in the IEC 60 721-3-3 [7];
2)	The equipment class for the equipment under test, as defined in the IEC 60 721-3-4 [8];
3)	The equipment that does not comply with the mentioned classes, the relevant classes from IEC 60 721 [9] documentation for temperature, humidity and vibration shall be declared.
NOTE:	Reduced functionality for conditions that fall outside of the standard operational conditions is not tested in the present document. These may be stated and tested separately.
[bookmark: _Toc487413546][bookmark: _Toc498542779][bookmark: _Toc510722772][bookmark: _Toc527700422]B.3.1	Extreme temperature
When an extreme temperature test environment is specified for a test, the test shall be performed at the standard minimum and maximum operating temperatures defined by the manufacturer's declaration for the equipment under test.
Minimum temperature:
The test shall be performed with the environment test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60 068-2-1 [10].
Maximum temperature:
The test shall be performed with the environmental test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60 068-2-2 [11].
NOTE:	It is recommended that the equipment is made fully operational prior to the equipment being taken to its lower operating temperature.
[bookmark: _Toc487413547][bookmark: _Toc498542780][bookmark: _Toc510722773][bookmark: _Toc527700423]B.4	Vibration
When vibration conditions are specified for a test, the test shall be performed while the equipment is subjected to a vibration sequence as defined by the manufacturer’s declaration for the equipment under test. This shall use the environmental test equipment and methods of inducing the required environmental phenomena in to the equipment, conforming to the test procedure of IEC 60 068-2-6 [12]. Other environmental conditions shall be within the ranges specified in annex B.2.
NOTE:	The higher levels of vibration may induce undue physical stress in to equipment after a prolonged series of tests. The testing body should only vibrate the equipment during the RF measurement process.
[bookmark: _Toc487413548][bookmark: _Toc498542781][bookmark: _Toc510722774][bookmark: _Toc527700424]B.5	Power supply
When extreme power supply conditions are specified for a test, the test shall be performed at the standard upper and lower limits of operating voltage defined by manufacturer's declaration for the equipment under test.
Upper voltage limit:
The equipment shall be supplied with a voltage equal to the upper limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60 068-2-1 [10] Test Ab/Ad and IEC 60 068-2-2 [11] Test Bb/Bd: Dry heat.
Lower voltage limit:
The equipment shall be supplied with a voltage equal to the lower limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60 068-2-1 [10] Test Ab/Ad and IEC 60 068-2-2 [11] Test Bb/Bd: Dry heat.
[bookmark: _Toc487413549][bookmark: _Toc498542782][bookmark: _Toc510722775][bookmark: _Toc527700425]B.6	Measurement of test environments
The measurement accuracy of the BS test environments defined in annex B shall be:
Pressure:	5 kPa
Temperature:	2 degrees
Relative humidity:	5 %
DC voltage:	1.0 %
AC voltage:	1.5 %
Vibration:	10 %
Vibration frequency:	0.1 Hz
The above values shall apply unless the test environment is otherwise controlled and the specification for the control of the test environment specifies the uncertainty for the parameter.
[bookmark: _Toc527700426]B.7	OTA extreme test methods
[bookmark: _Toc515534325]B.7.1	Direct far field method
The AAS BS under test is placed inside a sealed RF transparent environmental enclosure, as showed in Figure B.7.1-1. This is connected to an environment control system which regulates the temperature inside the enclosure. The remaining equipment inside the OTA chamber (any suitable antenna test range chamber type is acceptable) is outside the environmental control and is at nominal temperature. Positioners, test antennas and all other OTA test equipment do not need to be specified over the extreme temperature range.
[image: ]
Figure B.7.1-1: Measurement set up for eExtreme conditions for EIRP accuracy using direct far field method
The prescencepresence of the environmental chamber inside the OTA chamber may affect the measurement accuracy due to additional reflections and refractions, also the loss through the environmental enclosure may not be consistantconsistent with direction as the path through the radome may vary with angle. Hence the system should be calibrated in all tested directions.
NOTE: Currently only a single direction is specified for extreme testing so a single calibration directipondirection is sufficient.
Conformance may be demonstateddemonstrated by measuring the diferencedifference between the nominal measurement and the extreme measurement (Δsample) or by measuring Pmax,c,EIRP, extreme directly.
As the measurement is done in the far field (or measured in near field transformed to far field): 
a)	If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS.
b)	If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.
[bookmark: _Toc515534326]B.7.2	Relative method
The AAS BS under test is placed inside a small (compared to a far field chamber) anachoicanechoic chamber which is both RF a screened and suitable for environmental conditioning. The RF conditionals inside the chamber are absorbativeabsorptive and capable of dispatingdissipating the power of the the AAS BS when radiating. A sample antenna or RF probe are placed in a location which gives a sample of the main beam EIRP but does not have to accuarctlyaccurately measure the EIRP directly, instead the near-field response is measured. For this method test components are exposed to the full temperature range for example the test antenna/probe, cables, absorbers etc. may change as a function of temperature.
Using the relative method it is also necassarynecessary to measure the EIRP under nominal conditions using an appropriately calibrated far field (or near filed) test range to obtain Pmax,c,EIRP.
[image: ]
Figure B.7.2-1: Measurement set up for eExtreme conditions for EIRP accuracy using difference method
Measurements from the test antenna/probe are taken under nominal conditions and extreme conditions to calculate (Δsample). The difference between the nominal and extreme conditions (Δsample) is then used along with the nominal EIRP measurement (Pmax,c,EIRP) made in the appropriate far field or near field chamber and compared against the extreme requirement. As follows:
Pmax,c,EIRP, extreme = Pmax,c,EIRP + Δsample.
To conserve test time it is beneficial to measure two orthogonal polarizations and add the result together. Otherwise, each polarization must be measured separately including a polarization matching procedure. 



[bookmark: _Toc527700427]Annex C (informative):
Test tolerances and derivation of test requirements
[bookmark: _Toc486926974][bookmark: _Toc492581352]The test requirements explicitly defined in this specification have been calculated by relaxing the minimum requirements of the core specification 3GPP TS 38.104 [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 subclause 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.
[bookmark: _Toc492876457][bookmark: _Toc498537814][bookmark: _Toc510722777][bookmark: _Toc527700428]C.1	Measurement of transmitter
Table C.1-1: Derivation of test requirements (FR1 OTA transmitter tests)
	Test 
	Minimum requirement in 3GPP TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	6.2 Radiated transmit power  (Normal conditions)
	See 3GPP TS 38.104 [2], subclause 9.2
	1.1 dB, f ≤ 3.0 GHz
1.3 dB, 3.0 GHz < f ≤ 4.2 GHz
1.3 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula:
Upper limit + TT, Lower limit – TT

	6.2 Radiated transmit power (Extreme conditions)
	See 3GPP TS 38.104 [2], subclause 9.2
	2.5 dB, f ≤ 3.0 GHz
2.6 dB, 3.0 GHz < f ≤ 4.2 GHz
2.6 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula:
Upper limit + TT, Lower limit – TT

	6.3	OTA base station output power
	See 3GPP TS 38.104 [2], subclause 9.3
	1.4 dB, f ≤ 3.0 GHz
1.5 dB, 3.0 GHz < f ≤ 4.2 GHz
1.5 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula:
Upper limit + TT, Lower limit – TT


	6.4	OTA output power dynamics
	See 3GPP TS 38.104 [2], subclause 9.4
	0.4 dB
	Formula: 
Total power dynamic range – TT 


	6.5.1	OTA transmitter OFF power
	See 3GPP TS 38.104 [2], subclause 9.5.2
	3.4 dB , f ≤ 3.0GHz
3.6 dB, 3.0GHz < f ≤ 4.2GHz
3.6 dB, 4.2GHz < f ≤ 6.0GHz
	Formula:
Minimum Requirement + TT

	6.6.1 OTA frequency Error
	See 3GPP TS 38.104 [2], subclause 9.6.1
	12 Hz
	Formula: 
Frequency Error limit + TT

	6.6.2 OTA Modulation quality (EVM)
	See 3GPP TS 38.104 [2], subclause 9.6.2
	1%
	Formula: 
EVM limit + TT

	6.6.3 OTA time alignment error
	See 3GPP TS 38.104 [2], subclause 9.6.3
	25 ns
	

	6.7.2	OTA occupied bandwidth
	See 3GPP TS 38.104 [2], subclause 9.7.2
	0 Hz
	Formula:
Minimum Requirement + TT

	6.7.3	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	See 3GPP TS 38.104 [2], subclause 9.7.3
	Relative: 
1.0 dB, f ≤ 3.0GHz
1.2 dB, 3.0GHz < f ≤ 4.2GHz
1.2 dB, 4.2GHz < f ≤ 6.0GHz

Absolute: 
0 dB
	Formula:
Relative limit - TT 
Absolute limit +TT 


	6.7.4	OTA operating band unwanted emissions
	See 3GPP TS 38.104 [2], subclause 9.7.4
	Offsets < 10MHz
1.8 dB, f ≤ 3.0GHz
2 dB, 3.0GHz < f ≤ 4.2GHz
2 dB, 4.2GHz < f ≤ 6.0GHz

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

	6.7.5	General transmitter spurious emissions requirements
Category A
	See 3GPP TS 38.104 [2], subclause 9.7.5.2.2
	0 dB
	Formula:
Minimum Requirement + TT

	6.7.5.2.1	General transmitter spurious emissions requirements
Category B
	See 3GPP TS 38.104 [2], subclause 9.7.5.2.2
	0 dB
	Formula:
Minimum Requirement + TT

	6.7.5.2.2 Protection of the BS receiver of own or different BS
	See 3GPP TS 38.104 [2], subclause 9.7.5.2.2.3
	3.1 dB, f ≤ 3.0GHz
3.3 dB, 3.0GHz < f ≤ 4.2GHz
3.4 dB, 4.2GHz < f ≤ 6.0GHz
	Formula:
Minimum Requirement + TT

	6.7.5.2.3 Additional spurious emissions requirements
	See 3GPP TS 38.104 [2], subclause 9.7.5.2.2.4
	2.6 dB, f ≤ 3 GHz
3.0 dB, 3 GHz < f ≤ 4.2 GHz
3.5 dB, 4.2 GHz < f ≤ 6 GHz

For co-existence with PHS
0 dB
	Formula:
Minimum Requirement + TT

	6.7.5.2.3 Co-location with other base stations
	See 3GPP TS 38.104 [2], subclause 9.7.5.2.2.5
	3.1 dB, f ≤ 3.0GHz
3.3 dB, 3.0GHz < f ≤ 4.2GHz
3.4 dB, 4.2GHz < f ≤ 6.0GHz
	Formula:
Minimum Requirement + TT

	6.8	OTA transmitter intermodulation
	See 3GPP TS 38.104 [2], subclause 9.8
	0 dB
	



Table C.1-2: Derivation of test requirements (FR2 OTA transmitter tests)
	Test 
	Minimum requirement in 3GPP TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	6.2 Radiated transmit power
	See 3GPP TS 38.104 [2], subclause 9.2
	1.7 dB, 24.25GHz < f ≦ 29.5GHz 
2.0 dB, 37GHz < f ≦ 40GHz
	Formula:
Upper limit + TT, Lower limit – TT

	6.3	OTA base station output power
	See 3GPP TS 38.104 [2], subclause 9.3
	Normal conditions:
2.1 dB, 24.25GHz < f ≦ 29.5GHz 
2.4 dB, 37GHz < f ≦ 40GHz
Extreme conditions:
FFS
	Formula:
Upper limit + TT, Lower limit – TT


	6.4	OTA output power dynamics
	See 3GPP TS 38.104 [2], subclause 9.4
	0.4 dB
	Formula: 
Total power dynamic range – TT 


	6.5.1	OTA transmitter OFF power
	See 3GPP TS 38.104 [2], subclause 9.5.2
	TBD dB
	Formula:
Minimum Requirement + TT

	
	
	
	

	6.6.1 OTA frequency Error
	See 3GPP TS 38.104 [2], subclause 9.6.1
	12 Hz
	Formula: 
Frequency Error limit + TT

	6.6.2 OTA Modulation quality (EVM)
	See 3GPP TS 38.104 [2], subclause 9.6.2
	1 %
	Formula: 
EVM limit + TT

	6.6.3 OTA time alignment error
	See 3GPP TS 38.104 [2], subclause 9.6.3
	25 ns
	

	6.7.2	OTA occupied bandwidth
	See 3GPP TS 38.104 [2], subclause 9.7.2
	0 Hz
	Formula:
Minimum Requirement + TT

	6.7.3	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	See 3GPP TS 38.104 [2], subclause 9.7.3
	Relative: 
2.3 dB, 24.25GHz < f ≦ 29.5GHz 
2.6 dB, 37GHz < f ≦ 40GHz 
Absolute:
2.7 dB, 24.25GHz < f ≦ 29.5GHz 
2.7 dB, 37GHz < f ≦ 40GHz
	Formula:
Relative limit - TT 
Absolute limit +TT 


	6.7.4	OTA operating band unwanted emissions
	See 3GPP TS 38.104 [2], subclause 9.7.4
	0 MHz  f < 0.1*BWcontiguous
2.7 dB, 24.25GHz < f ≦ 29.5GHz 
2.7 dB, 37GHz < f ≦ 40GHz 
0.1*BWcontiguous  f < fmax
0 dB 
	Formula:
Minimum Requirement + TT

	6.7.5.2.1	General transmitter spurious emissions requirements
Category A
	See 3GPP TS 38.104 [2], subclause 9.7.5.3.2
	0 dB
	Formula:
Minimum Requirement + TT

	6.7.5.2.1	General transmitter spurious emissions requirements
Category B
	See 3GPP TS 38.104 [2], subclause 9.7.5.3.2
	0 dB
	Formula:
Minimum Requirement + TT

	6.7.5.2.3 Additional spurious emissions requirements
	See 3GPP TS 38.104 [2], subclause 9.7.5.3.3
	TBD dB
	Formula:
Minimum Requirement + TT



[bookmark: _Toc486926975][bookmark: _Toc492581353][bookmark: _Toc492876458][bookmark: _Toc498537815][bookmark: _Toc510722778][bookmark: _Toc527700429]C.2	Measurement of receiver
Table C.2-1: Derivation of test requirements (FR1 OTA receiver tests)
	Test 
	Minimum requirement in 3GPP TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	7.2 OTA sensitivity
	See 3GPP TS 38.104 [2], subclause 10.2
	1.3 dB, f ≤ 3.0 GHz
1.4 dB, 3.0 GHz < f ≤ 4.2 GHz
1.6 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula:
Declared Minimum EIS + TT

	7.3	OTA reference sensitivity level
	See 3GPP TS 38.104 [2], subclause 10.3
	1.3 dB, f ≤ 3.0 GHz
1.4 dB, 3.0 GHz < f ≤ 4.2 GHz
1.6 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula: 
EISREFSENS + TT

	7.4	OTA dynamic range
	See 3GPP TS 38.104 [2], subclause 10.4
	0.3 dB, f ≤ 6 GHz

	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.5.1	OTA adjacent channel selectivity
	See 3GPP TS 38.104 [2], subclause 10.5.1
	0 dB
	Formula: 
Wanted signal power + TT

Interferer signal power unchanged.

	7.5.2	In-band blocking (General)
	See 3GPP TS 38.104 [2], subclause 10.5.2
	0 dB
	Formula: 
Wanted signal power + TT

Interferer signal power unchanged.

	7.5.2	In-band blocking (Narrowband)
	See 3GPP TS 38.104 [2], subclause 10.5.2
	0 dB
	Formula: 
Wanted signal power + TT

Interferer signal power unchanged.

	7.6	OTA out-of-band blocking 
(General)
	See 3GPP TS 38.104 [2], subclause 10.6
	
0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.6	OTA out-of-band blocking
(Co-location)
	See 3GPP TS 38.104 [2], subclause 10.6
	0 dB
	Formula:
Wanted signal power unchanged

Interferer signal power - TT.

	7.7	OTA receiver spurious emissions
	See 3GPP TS 38.104 [2], subclause 10.7
	2.5dB, 30 MHz ≤ f ≤ 6 GHz
4.2dB, 6 GHz < f ≤ 26 GHz
	Formula:
Minimum Requirement + TT 


	7.8	OTA receiver intermodulation
	See 3GPP TS 38.104 [2], subclause 10.8
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged

	7.9	OTA in-channel selectivity
	See 3GPP TS 38.104 [2], subclause 10.9
	1.7 dB, f ≤ 3.0 GHz
2.1 dB, 3.0 GHz < f ≤ 4.2 GHz
2.4 dB, 4.2 GHz < f ≤ 6.0 GHz
	Formula:
Wanted signal power + TT 

Interferer signal power unchanged



Table C.2-2: Derivation of test requirements (FR2 OTA receiver tests)
	Test 
	Minimum requirement in 3GPP TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	7.3	OTA reference sensitivity level
	See 3GPP TS 38.104 [2], subclause 10.3
	2.4 dB, 24.25 GHz < f ≦ 33.4 GHz 
2.4 dB, 37 GHz < f ≦ 52.6 GHz
	Formula: 
EISREFSENS+ TT

	7.5.1	OTA adjacent channel selectivity
	See 3GPP TS 38.104 [2], subclause 10.5.1
	0 dB
	Formula: 
Wanted signal power + TT

Interferer signal power unchanged.

	7.5.2	In-band blocking
	See 3GPP TS 38.104 [2], subclause 10.5.2
	0 dB
	Formula: 
Wanted signal power + TT

Interferer signal power unchanged.

	7.6	OTA out-of-band blocking
	See 3GPP TS 38.104 [2], subclause 10.6
	0 dB
	Formula:
Wanted signal power + TT
Interferer signal power unchanged

	7.7	OTA receiver spurious emissions
	See 3GPP TS 38.104 [2], subclause 10.7
	2.5 dB, 30 MHz ≤ f ≤ 6 GHz
2.7 dB, 6 GHz < f ≤ 12.75 GHz
0 dB, 12.75 GHz < f ≤ 60 GHz
	Formula:
Minimum Requirement + TT 


	7.8	OTA receiver intermodulation
	See 3GPP TS 38.104 [2], subclause 10.8
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.9	OTA in-channel selectivity
	See 3GPP TS 38.104 [2], subclause 10.9
	3.4 dB, 24.25 GHz < f ≦ 33.4 GHz 
3.4 dB, 37 GHz < f ≦ 52.6 GHz
	Formula:
Wanted signal power + TT 

Interferer signal power unchanged.





[bookmark: _Toc527700430]Annex D (normative):
Calibration
OTA test requirements specific and OTA measurement chamber specific calibration (and measurement) procedures were captured in TR 37.843 [16] for the OTA AAS BS for the following requirements sets: 
· TX and Rx directional requirements 
· In-band and out-of-band TRP requirements 
· Co-location requirements
· In-band and out-of-band blocking requirements
All the calibrations procedures captured for OTA AAS BS in TR 37.843 [16] for the frequency range up to 4.2 GHz, are assumed to be also applicable to BS type 1-H and BS type 1-O for the FR1 frequency range, i.e. up to 6 GHz. 
Editor’s note: OTA test requirements specific and OTA measurement chamber specific calibration procedures for FR2 are FFS. Potential reuse of the FR1 calibration procedures for FR2 is FFS.



[bookmark: _Toc527700431]Annex E (informative):
OTA test system set-upOTA measurement system set-up
[bookmark: _Toc503967003][bookmark: _Toc510722781][bookmark: _Toc527700432]E.1	Transmitter
[bookmark: _Toc503967004][bookmark: _Toc510722782][bookmark: _Toc527700433]E1.1	Radiated transmit power, output power dynamics and transmitter signal quality


Figure E.1.1-1: Measurement set up for radiated transmit power, output power dynamics and transmitter signal quality
The OTA chamber shown in figure E.1.1-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, Near field chamber, etc.) 
[bookmark: _Toc527700434]E.1.2	OTA Base Station output power, ACLR, OTA operating band unwanted emissions
Editor’s note: In-band TRP diagram to be added here
Figure E.1.2-1: Measurement set up for OTA Base Station output power, ACLR, OTA operating band unwanted emissions
[bookmark: _Toc527700435]E.1.3	OTA spurious emissions
[image: ]
Figure E.1.3-1: Measurement set up for OTA co-location spurious emissions
The OTA chamber shown in figure E.1.3-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). For testing emission far out-of-band several CLTA might be needed.
[bookmark: _Toc527700436]E.1.4	OTA Co-location emissions, TX OFF power
Editor’s note: co-location emissions diagram to be added here
Figure E.1.4-1: Measurement set up for OTA Co-location emissions, TX OFF power
[bookmark: _Toc527700437]E.1.5	OTA transmitter Intermodulation
[image: ]
Figure E.1.5-1: Measurement set up for OTA transmitter intermodulation
The OTA chamber shown in figure E.1.5-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). When injecting the interferer signal into the CLTA ports, a splitter might be needed. For testing emission far out-of-band an additional test antenna might be needed.

[bookmark: _Toc503967005][bookmark: _Toc510722783][bookmark: _Toc527700438]E.2	Receiver
[bookmark: _Toc503967006][bookmark: _Toc510722784][bookmark: _Toc527700439]E.2.1	OTA sensitivity and OTA reference sensitivity
[image: ]
Figure E.2.1-1: Measurement set up for OTA sensitivity and OTA reference sensitivity
The OTA chamber shown in figure E.2.1-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). 
[bookmark: _Toc527700440]E.2.2	OTA dynamic range
[image: ]
Figure E.2.2-1: Measurement set up for OTA Dynamic range
The OTA chamber shown in figure E.2.2-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.).
[bookmark: _Toc527700441]E.2.3	OTA adjacent channel selectivity, general blocking, and narrowband blocking
[image: ]
Figure E.2.3-1: Measurement set up for OTA ACS and narrowband blocking
The OTA chamber shown in figure E.2.3-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). 

[image: ]
Figure E.2.3-2: Measurement set up for OTA general blocking
The OTA chamber shown in figure E.2.3-2 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). 
[bookmark: _Toc527700442]E.2.4	OTA blocking
[bookmark: _Toc527700443]E.2.4.1	OTA general out-of-band blocking 
[image: ]
Figure E.2.4.1-1: Measurement set up for OTA general out-of-band blocking
The OTA chamber shown in figure E.2.4.1-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). 
For testing blocking far out-of-band several CLTAs might be needed. 
When combining the wanted and interferer signal into the common test antenna, a directional coupler can be used e.g. a 20 dB directional coupler, to minimize the loss for the interferer signal. If both polarizations are tested simultaneously using a common test antenna, then additional splitter is needed after the directional coupler.                             
[bookmark: _Toc527700444]E.2.4.2	OTA co-location blocking
[image: ]
Figure E.2.4.2-1: Measurement set up for OTA co-location blocking
The OTA chamber shown in figure E.2.4.2-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). For testing blocking far out-of-band several CLTAs might be needed.
[bookmark: _Toc527700445]E.2.5	OTA receiver spurious emissions
Editor’s note: receiver spurious emissions diagram to be added here
Figure E.2.5-1: Measurement set up for OTA receiver spurious emissions
[bookmark: _Toc527700446]E.2.6	OTA receiver intermodulation
[image: ]
Figure E.2.6-1: Measurement set up for OTA receiver intermodulation
The OTA chamber shown in figure E.2.6-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.). 
[bookmark: _Toc527700447]E.2.7	OTA in-channel selectivity
[image: ]
Figure E.2.7-1: Measurement set up for OTA In-channel selectivity
The OTA chamber shown in figure E.2.7-1 is intended to be generic and can be replaced with any suitable OTA chamber (Far field anechoic chamber, CATR, etc.).
[bookmark: _Toc527700448]Annex F (normative):
Estimation of Measurement Uncertainty Global in-channel Tx test
[bookmark: _Toc518862209]F.1	General
Editor’s note: Placeholder for the remaining elements of the “Global in-channel Tx test”, unless decided to keep EVM only.
F.2	Reference point for measurement
The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in for FR1 in figure F.2-1 and for FR2 in figure F.2-2.


Figure F.2-1: Reference point for FR1 EVM measurement


Figure F.2-2: Reference point for FR2 EVM measurement
[bookmark: _Toc518862210]F.3	Basic unit of measurement

The basic unit of EVM measurement is defined over one subframe (1ms) in the time domain and subcarriers (180 kHz) in the frequency domain: 



where

 is the set of symbols with the considered modulation scheme being active within the subframe,


is the set of subcarriers within the  subcarriers with the considered modulation scheme being active in symbol t, 

 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,

 is the modified signal under test defined in annex F.4.
[NOTE: 	Although the basic unit of measurement is one subframe, the equalizer is calculated over 10 subframe measurement periods to reduce the impact of noise in the reference symbols. The boundaries of the 10 subframe measurement periods need not be aligned with radio frame boundaries.]
[bookmark: _Toc518862211]F.4	Modified signal under test
Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalised and decoded according to:

	
where

 is the time domain samples of the signal under test.

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM is measured and the maximum used as described in annex F.8.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.
[bookmark: _Toc518862212]F.5	Estimation of frequency offset

The observation period for determining the frequency offset  shall be [1 ms].
[bookmark: _Toc518862213]F.6	Estimation of time offset

The observation period for determining the sample timing difference shall be 1 ms.

In the following  represents the middle sample of the EVM window of length W (defined in subclause 6.6.3.5) or the last sample of the first window half if W is even.

is estimated so that the EVM window of length W is centred on the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the primary synchronization signal and reference signals. To limit time distortion of any transmit filter the reference signals in the 1 outer RBs are not taken into account in the timing estimation

Two values for  are determined:

 and



 where  if W  is odd and  if W is even.
When the cyclic prefix length varies from symbol to symbol then T shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type. 
[bookmark: _Toc518862216]F.7	Estimation of TX chain amplitude and frequency response parameters
The equalizer coefficients [image: ]and [image: ] are determined as follows:
1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal [image: ] and the post-FFT Ideal signal [image: ], for each reference symbol, over [10 subframes]. This process creates a set of complex ratios:
[image: ]
Where the post-FFT Ideal signal [image: ] is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: 
· For FR1: restricted content: i.e. nominal Reference Symbols and the Primary Synchronisation Channel, (all other modulation symbols are set to 0 V), nominal carrier frequency,  nominal amplitude and phase for each applicable subcarrier, nominal timing.

· For FR2: restricted content: i.e. nominal Demodulation Reference.
2.	Perform time averaging at each reference signal subcarrier of the complex ratios, the time-averaging length is [10 subframes]. Prior to the averaging of the phases [image: ] an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of [image: ] by adding multiples of 2*PI when absolute phase jumps between consecutive time instances ti are greater then or equal to the jump tolerance of PI radians. This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every second subcarrier with the exception of the reference subcarrier spacing across the DC subcarrier).
[image: ]
[image: ]
	Where N is the number of reference symbol time-domain locations ti from Z’(f,t) for each reference signal subcarrier [image: ].
3.	The equalizer coefficients for amplitude and phase [image: ] and [image: ] at the reference signal subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers, i.e. every second subcarrier. The moving average window size is 19. For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure F.7-1. 
4.	Perform linear interpolation from the equalizer coefficients [image: ] and [image: ] to compute coefficients [image: ], [image: ] for each subcarrier.
[image: ]
Figure F.7-1: Reference subcarrier smoothing in the frequency domain
a)	In case of FR2 EVM, to account for the common phase error (CPE) experienced in millimetre wave frequencies, , in the estimated coefficients contain phase rotation due to the CPE, , in addition to the phase of the equalizer coefficient , that is

For OFDM symbols where PT-RS does not exist,  can be estimated by performing linear interpolation from neighboring symbols where PT-RS is present.
In order to separate component of the CPE,, contained in, , estimation and compensation of the CPE needs to follow. is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time . 
Estimate of the CPE, , at OFDM symbol time, , can then be obtained from using the PT-RS employing the expression 

In the above equation,  is the set of subcarriers where PT-RS are mapped,  where   is the set of OFDM symbols where PT-RS are mapped while  and  are is the post-FFT acquired signal and the ideal PT-RS signal respectively. That is, estimate of the CPE at a given OFDM symbol is obtained from frequency correlation of the complex ratios at the PT-RS positions with the conjugate of the estimated equalizer complex coefficients. The estimated CPE can be subtracted from  to remove influence of the CPE, and obtain estimate of the complex coefficient’s phase  
(t)
[bookmark: _Toc518862217]F.8	Averaged EVM
EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of 10 downlink subframes:
For FDD the averaging in the time domain equals the [10] subframe duration of the [10] subframes measurement period from the equalizer estimation step. 
For TDD the averaging in the time domain can be calculated from subframes of different frames and should have a minimum of [10] subframes averaging length. TDD special fields (i.e. GP) are not included in the averaging.
[image: ]
Where Ni is the number of resource blocks with the considered modulation scheme in subframe i and Ndl is the number of allocated downlink subframes in one frame.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:
Thus [image: ]  is calculated using [image: ]in the expressions above and [image: ]is calculated using [image: ] in the [image: ] calculation.
Thus we get:
[image: ]
The averaged EVM with the minimum averaging length of at least [10] subframes is then achieved by further averaging of the [image: ] results
[image: ], [image: ]



[bookmark: _Toc490148259][bookmark: _Toc527700449][bookmark: _Toc510722786]Annex G (informative):
Transmitter sSpatial emissions dDeclaration
[bookmark: _Toc527700450]G.1	General
The transmitter spatial emission declaration is an optional declaration which provides additional information on the power level of emission in the intended (in cell) spatial directions and the unintended (out of cell) spatial directions. The declarations are only valid when the beam is configured in one of the EIRP conformance directions.
[image: ]
Figure G.1-1: Example of out of cell directions set and declared single beam at a single extreme steering direction
The declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
[bookmark: _Toc527700451]G.2	Declarations
Table G.2-1: Optional manufacturer declarations
	Declaration identifier
	Declaration
	Description

	Dxx.1
	Out of cell directions set 

	The set of directions which are outside the intended directions of radiation or outside the wanted cell. Declared per operating band.

	Dxx.2
	Out of cell power level 

	Declared in band average power inside each of the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	Dxx.3
	In cell power level 

	Declared in band average power outside the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	Dxx.4
	Average out of cell power level 

	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x).


	DE.5
	Average in cell power level 

	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x)



NOTE 1:	The declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
NOTE 2:	The average out of cell power level reflects the impact of out of cell radiation on other cells more accurately than the out of cell power level for individual test beams.


[bookmark: _Toc527700452]Annex H (informativenormative):
Format and interpretation of testsCharacteristics of the interfering signals 
Editor’s note: Content to be provided by Nokia.
Each test has a standard format:
X	Title
All tests are applicable to all equipment within the scope of the present document, unless otherwise stated.
X.1	Definition and applicability
This subclause gives the general definition of the parameter under consideration and specifies whether the test is applicable to all equipment or only to a certain subset. Required manufacturer declarations may be included here.
X.2	Minimum requirement
This subclause contains the reference to the subclause to the 3GPP reference (or core) specification which defines the minimum requirement.
X.3	Test purpose
This subclause defines the purpose of the test.
X.4	Method of test
X.4.1	General
In some cases there are alternative test procedures or initial conditions. In such cases, guidance for which initial conditions and test procedures can be applied are stated here. In the case only one test procedure is applicable, that is stated here.
X.4.2y 	First test method
X.4.2y.1	Initial conditions 
This subclause defines the initial conditions for each test, including the test environment, the RF channels to be tested and the basic measurement set-up. The OTA Test System is assumed to be correctly calibrated as part of the initial conditions. Calibration is not explicitly mentioned.
X.4.2y.2	Procedure
This subclause describes the steps necessary to perform the test and provides further details of the test definition like domain (e.g. frequency-span), range, weighting (e.g. bandwidth), and algorithms (e.g. averaging). The procedure may comprise data processing of the measurement result before comparison with the test requirement (e.g. average result from several measurement positions).
X.4.3y		Alternative test method (if any)
If there are alternative test methods, each is described with its initial conditions and procedures.
X.5	Test requirement
This subclause defines the pass/fail criteria for the equipment under test, see subclause 4.1.3 (Interpretation of measurement results). Test requirements for every minimum requirement referred in subclause X.2 are listed here. Cases where minimum requirements do not apply need not be mentioned.


Annex I (normative):
TRP measurement grids
[bookmark: _Toc523325554][bookmark: _Toc527700453]I.1		General
The annex describes various sampling grids and procedures for OTA TRP performance of AAS BS. 
[bookmark: _Toc523325555][bookmark: _Toc527700454]I.2	Spherical equal angle grid
[bookmark: _Toc523325556][bookmark: _Toc527700455]I.2.1	General
TRPEstimate is defined as 
 
when EIRP measurements is used or as 
 
when power density measurements are used, and d is the test distance. N and M are the number of samples in the  and  angles. Each () is a sampling point. The sampling angular intervals for  and  angles are  and . The sampling intervals  and  are described in I.2.2.
[bookmark: _Toc523325557][bookmark: _Toc527700456]I.2.2	Reference angular step criteria                                          
The reference angular steps  and  in are radians are defined as


Dcyl and D are calculated as 


The definition of d, w and h is shown in figure I2.2-1. The radiation source can be EUT antenna array or the whole of EUT.
[image: ]
Figure I2.2-1: Dimensions of a radiation source: depth (d), width (w) and height (h)
In the case of Uniform Linear Array (ULA) and the EUT is mounted along the yz plane as shown in figure I2.2-2, the  reference angular step can be determined by



Where Dy is the length of radiating parts of EUT along y-axis, Dz is the length of radiating parts of EUT along the z-axis and  is wavelength for the measured frequency. 
[image: Figure 3]
Figure I2.2-2. Spherical coordinate for OTA conformance testing of EUT
Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor) of the grid is defined as




Where and  are the actual angular steps used in the measurement.
[bookmark: _Toc523325558][bookmark: _Toc527700457]I.3	Spherical equal area grid
TRPEstimate is defined as 
 
N is the total number of samples and specified as
.
The sampling intervals  and  are described in annex I.2.2. Each () is a sampling point. 
[bookmark: _Toc523325559][bookmark: _Toc527700458]I.4 	Spherical Fibonacci grid
TRPEstimate is defined as 
	
I is the total number of samples and specified as 
 
The sampling intervals  and  are described in annex I.2.2. Each () is a sampling point.
[bookmark: _Toc523325560][bookmark: _Toc527700459]I.5 Orthogonal cut grid
Here, at least two cuts (default) shall be used, an optional third cut can be used. The alignment of the cuts must be along the symmetry planes of the antenna array. No alignment is required for spurious emissions.
When alignment is required: 
1. The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
1. The second mandatory is a vertical cut passing through the peak direction of the main beam. Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
1. The third optional cut is a vertical cut orthogonal to the first and the second cut.
When alignment is not required, the cuts can be aligned arbitrarily.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated as
		
where P is the number of sampling points in the cut. The final contribution for all cuts is calculated as
		
where N is the number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
When two cuts measurements are used, a conditional pattern multiplication can be applied. The following are the conditions for applying pattern multiplication:
0. The vertical cut (and the main beam) is in the  -plane
0. The frequency of the emission is within the downlink operating band. 
0. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
0. The emission appears/disappears when the Tx power is turned on/off.
0. The antenna arrays of the EUT
4. Have rectangular grids of antenna element positions
4. Have symmetry planes that are vertical and horizontal.
4. Have parallel antenna planes 
The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-coordinates and the data in the two cuts are denoted  at and a vertical cut with data  at . The data is split in two parts corresponding to the forward and backward hemispheres. The uv-coordinates are the projections of the angular directions onto the antenna plane, here the yz-plane. Using the spherical coordinates as depicted in Fig. F.1.2.-1 the u and v coordinates are defined as

Note that only the data on the cuts are measured.
Calculate power density/EIRP values outside the two cardinal cuts as

The pattern multiplication is applied separately for the forward (fwd) and backward (bwd) hemisphere. The TRP is then calculated as

Note: the numerical singularity at  must be treated with care, e.g. by change of variables.
[bookmark: _Toc523325561][bookmark: _Toc527700460]I.6 Wave vector space grid
If EUT is mounted along the yz plane as shown in Figure I2.2-1, the reference step in wave vector space can be determined by

 where Dy is the length of radiating  parts of EUT along  y-axis, Dz is the length of radiating parts of EUT along the z-axis. 
According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be represented as following:  

The total radiated power (TRP) in the wave vector space is determined by	                                                                       


Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor) of the grid is defined as




Where and  are the actual steps used in the wave vector space in the measurement.
[bookmark: _Toc527700461]I.7 Orthogonal 2 cuts with pattern multiplication
This method can be used when the antenna symmetries are compatible with pattern multiplication, see annex I.1.2.4. The procedure is as follows:
1. Calculate the reference angular steps as described in annex I.1.2.
1. Align the EUT to allow for proper pattern multiplication, see annex I.5. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
1. Apply pattern multiplication according to annex I.5 to extrapolate the two cuts data to full-sphere.
1. Apply numerical integration to obtain the TRP estimate as described in annex I.5.
[bookmark: _Toc527700462]I.8 Orthogonal 2 or 3 cut with dense sampling
The procedure is as follows:
1. Follow steps described in annex I.5 and calculate the TRP estimate.
1. Add the appropriate correction factor ΔTRP according to table I.8-1 to ensure overestimation with 95% confidence.
1. Compare the (TRP estimate + ΔTRP) to the limit.
1. If the (TRP estimate + ΔTRP) is above the limit, perform the measurement on an additional third cut and repeat steps 1 to 3.
	
	Three cuts 
	Two cuts

	Correction factor ΔTRP (dB)
	[2.0]
	[2.5]


Table I.8-1: The correction factor for two or three cuts dense sampling

[bookmark: _Toc527700463]I.9 Full sphere with sparse sampling
The procedure is as follows:
1. Set the angular grid:
0. Non-harmonic frequencies: choose the angular steps  and  smaller than or equal to [15] degrees. Calculate the sparsity factor (SF) as 

and the correction factor as: 

where  corresponds to 15 degrees angular step. If the sparsity factor is smaller than 1, the correction factor ΔTRP is 0 dB. 
0. Harmonic frequencies with fixed beam test signal: choose the angular steps smaller than or equal to the reference angular steps  and . Correction factor ΔTRP is 0 dB.
0. [Harmonic frequencies with beam sweeping test signal: set the angular steps to [15] degrees. Correction factor is ΔTRP 0 dB].

1. Apply a suitable numerical integration to calculate the TRP estimate.
1. Add the appropriate correction factor ΔTRP according to step 1 to ensure an overestimation with 95% confidence.
1. Compare the (TRP estimate + ΔTRP) with the limit. If the (TRP estimate + ΔTRP) is above the limit, choose a smaller angular step and repeat steps 2-4. If the sparsity factor is less than one, no significant improvement of accuracy is expected.
[bookmark: _Toc527700464]I.10 Beam-based directions
Beam-based direction can be used if directivity of the EUT antenna is known for the base station operating band. TRPEstimate is defined as 
, where  is the maximum EIRP in the beam peak direction within a particular beam direction pair and  is directivity of the EUT antenna.
[bookmark: _Toc527700465]I.11 Peak method
The peak method can be used when frequencies with unwanted peak emissions are identified during pre-scan. The method does not provide an estimate of TRP. 
For each peak emission frequency identified during pre-scan, measure peak EIRP or power density as follows: 
1. Move EUT and test antenna to the same position where the peak emission is recorded during the pre-scan.
2. Move the EUT around the position and test antenna orientation to find the final peak EIRP or power density.
3. The measured peak power density or EIRP shall be used to demonstrate conformance. 
   NOTE:	Peak EIRP is the linear sum of two orthogonal polarized components.
[bookmark: _Toc527700466]I.12 Equal sector with peak average 
Equal sector with peak average can be performed on frequencies with unwanted peak emission, which are considered by the peak method for further measurements. 
The spherical angle  is divided into K equal sectors. If the largest dimension of EUT is less than 60 cm, then each sector is a half quadrant of 45°.
For each peak emission frequency, measure peak EIRP of beams belonging to different sectors of the sphere as follows: 
1. Move EUT and test antenna to the same position where the emission peak is recorded during the pre-scan.
2. Move EUT around the position and test antenna orientation to find the final peak EIRP.
3. Repeat Steps 1 to 2 until all sectors are covered.
4. Calculate TRPEstimate as 
  , where  is the peak EIRP in the kth sector.  
NOTE:	Peak EIRP is the linear sum of two orthogonal polarized components. 
[bookmark: _Toc527700467]I.13 Pre-scan
Pre-scan is used to identify frequencies with unwanted emission power levels above a certain threshold. The pre-scan does not provide an estimate of TRP. 
The procedure for pre-scan is as follows:
1. Scan the entire surface around EUT.
2. Rotate test antenna to cover all possible polarizations of emissions to detect maximum emissions.
3. Record the list of frequencies and corresponding unwanted emission power levels, EUT spatial positions, and test antenna polarization for which the maximum emission levels occur.   
4. Emissions which [20 dB] or more below the specified limit shall not require further measurements.


[bookmark: _Toc527700468]Annex J (informativenormative):
Change historyPropagation conditions
Editor’s note: Content to be aligned with the TS38.104 (not yet available).


Annex K (informative):
Measuring noise close to noise-floor
As the emission level seen by the meausurement receiver (PUEM) for co-location requirements are very low, it is suggested to measure relative noise change instead of absolute noise level. The relations between measured noise change 1, noise floor N0 and the relation to PUEM with respect to the noise floor denoted 2 is visualized in figure K-1.
[image: ]            [image: ]
Figure K-1: Relative noise measurement
The absolute emission level in decibel scale is calculated as:
[image: ], where N0 is the noise floor of the measurement receiver and 2 is plotted s function of 1 in figure K-1. The absolute noise floor of the measurement receiver, including probe antenna, cables, filter and LNA is determined by a calibration procedure. The calibration will determine the absolute emission level (N0) accuracy of measuring out-of-band unwanted emission close to the thermal noise floor.


Annex L (normative):
Test system characterization



Annex M (informative):
Change history


------------------------------ End of modified section ------------------------------
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The subsequent 7  subcarriers are averaged  over 5, 7 .. 17 subcarriers  

From the 10 th   subcarrier onwards the  window size is 19 until  the upper edge of the  channel is reached an d  the window size  reduces back to 1  

The first  reference  subcarrier  is not  averaged  

The second  reference  subcarrier is the  average of the  first three  subcarriers  

Reference subcarriers  
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