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1. Introduction
At previous RAN4 meeting (RAN4#102-E) the work to update the BS conformance test specification (TS 38.141-2) to support frequencies up to 71 GHz was initiated. 
In this contribution we summarize the essential updates with respect to the introduction of new carrier bandwidths and sub-carrier spacings to support up to 71 GHz as well as identifying test requirements where new requirement limits are required. 

2. Discussion
In the following sub-sections areas in the specification which would require updates with respect to the extension up to 71 GHz are identified. 

2.1 Test system uncertainty
The maximum OTA test system uncertainty for receiver tests minimum requirements relevant for FR2 is summarized in Table 2.1-1. 
The technical background information used to derive the maximum OTA test system uncertainty is captured in a dedicated technical report, TR 37.941 [1]. This report describes OTA test methodologies, test procedures, calibration procedures and measurement uncertainty evaluation. The measurement uncertainty is evaluated per test method and requirement. Based on the overview of measurement uncertainty for a specific requirement the maximum OTA test system uncertainty can be established. 
[bookmark: _Hlk54269170]Table 2.1-1: Maximum OTA test system uncertainty for FR2 receiver tests
	Requirement
	Subclause
	Maximum OTA Test System uncertainty

	Reference sensitivity level
	7.3
	±2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±2.4 dB, 37 GHz < f ≤ 43.5 GHz
±[3.5] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz

	Adjacent channel selectivity
	7.5.1
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±[5.1] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz

	In-band blocking (General)
	7.5.2
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±[5.1] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz

	Out-of-band blocking
	7.6
	±3.6 dB, 24.25 GHz < f ≤ 43.5 GHz
±[4.5] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ TBD GHz

	Receiver spurious emissions
	7.7
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 40 GHz
±5.0 dB, 40 GHz < f ≤ 60 GHz
±TBD dB, 52.6 GHz < f ≤ TBD GHz

	Receiver intermodulation
	7.8
	±3.9 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.9 dB, 37 GHz < f ≤ 43.5 GHz
±[5.4] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz

	In-channel selectivity
	7.9
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±[5.1] dB, 43.5 GHz < f ≤ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz



For requirements related to in-band characteristics (Reference sensitivity, ACS, In-band blocking, Receiver intermodulation and ICS) maximum OTA test system uncertainty values need to be established for the frequency range 52.6 to 71.0 GHz. For requirements related to out-of-band characteristics (Out-of-band blocking and Receiver spurious emissions) maximum OTA test system uncertainty values need to be established for the frequency range 52.6 to 142 GHz based on ITU-R recommendation SM.329 [2].
Based on the maximum OTA test uncertainty the Test Tolerance (TT) required to determine the test requirement can be determined according to Table 2.1-2. For requirements with relation to regulations the TT is set to zero, while for other requirements the TT is set to maximum OTA test uncertainty as described in Table 2.1-2.
Table 2.1-2: Derivation of test requirements 
	Test
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	Reference sensitivity level
	2.4 dB, 24.25 GHz < f ≦ 33.4 GHz
2.4 dB, 37 GHz < f ≦ 43.5 GHz
[3.5] dB, 43.5 GHz < f ≦ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz
	Formula:
EISREFSENS+ TT

	Adjacent channel selectivity
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	In-band blocking
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	Out-of-band blocking
	0 dB
	Formula:
Wanted signal power + TT
Interferer signal power unchanged

	Receiver spurious emissions
	0 dB
	Formula:
Minimum Requirement + TT


	Receiver intermodulation
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	In-channel selectivity
	3.4 dB, 24.25 GHz < f ≦ 33.4 GHz
3.4 dB, 37 GHz < f ≦ 43.5 GHz
[5.1] dB, 43.5 GHz < f ≦ 48.2 GHz
±TBD dB, 52.6 GHz < f ≤ 71.0 GHz
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.




2.2 Reference sensitivity
To complete the test requirement for reference sensitivity a new table is required for the frequency range 52.6 to 71.9 GHz including the supported carrier bandwidths and sub-carrier spacings. In Table 2.2-1 a table with information reflecting the RF core specification have been created. 
Table 2.2-1: Reference sensitivity requirement
	BS channel bandwidth
(MHz)
	Sub-carrier spacing
(kHz)
	Reference measurement channel
(Annex A.1)
	OTA reference sensitivity level, EISREFSENS 
(dBm)

	100, 400
	120
	G-FR2-A1-11
	EISREFSENS_50M + 3 + TBD + ΔFR2_REFSENS

	400, 800, 1600
	480
	G-FR2-A1-6
	EISREFSENS_50M + 9 + TBD + ΔFR2_REFSENS

	400, 800, 1600, 2000
	960
	G-FR2-A1-7
	EISREFSENS_50M + 9 + TBD + ΔFR2_REFSENS








2.3 Adjacent Channel Selectivity
For ACS, the test requirement table needs to be updated with supported carrier bandwidths as described in Table 2.3-1.
Table 2.3-1: ACS requirement for BS type 2-O
	Frequency Range
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)

	FR2-1
	50, 100, 200, 400
	EISREFSENS + 6 dB (Note 3)
	EISREFSENS_50M + 27.7 + ΔFR2_REFSENS (Note 1)
EISREFSENS_50M + 26.7 + ΔFR2_REFSENS (Note 2)

	FR2-2
	100, 400, 800, 1600, 2000
	EISREFSENS + 6 dB (Note 3)
	EISREFSENS_50M + 25.7 + ΔFR2_REFSENS (Note 4)

	NOTE 1:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz.
NOTE 3:	EISREFSENS is given in clause 10.3.3.
NOTE 4:   Applicable to bands defined within the frequency spectrum range of 57 – 71 GHz.



The interference signal frequency offset table needs to be updated as described in Table 2.3-2.
Table 2.3-2: OTA ACS interferer frequency offset for BS type 2-O
	Frequency Range
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	FR2-1
	50
	±24.29
	

	
	100
	±24.31
	50 MHz DFT-s-OFDM NR

	
	200
	±24.29
	signal,60 kHz SCS, 64 RBs

	
	400
	±24.31
	

	FR2-2
	100
	±48.58
	100 MHz DFT-s-OFDM NR
signal,120 kHz SCS, 64 RBs

	
	400
	±48.58
	

	
	800
	±48.62
	

	
	1600
	±48.58
	

	
	2000
	±48.62
	



2.4 In-band blocking
For in-band blocking a table within the test procedure needs to be updated to support carrier bandwidths for FR2-2 as visualised below. A concept to expand the measurement step size as function of carrier bandwidth needs to be established for FR2-2. 
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1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.2.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Align the BS with the test antenna in the declared direction to be tested.
4)	Align the BS to that the wanted signal and interferer signal is polarization matched with the test antenna(s).
5)	Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for the appropriate beam identifier.
6)	For FDD operation, set the BS to transmit beam(s) of the same operational band as the OSDD or OTA REFSENS RoAoA being tested according to the appropriate test configuration in clauses 4.7 and 4.8.
7)	Set the test signal mean power so that the calibrated radiated power at the BS Antenna Array coordinate system reference point is as follows:
	For general OTA blocking:
a)	Set the signal generator for the wanted signal to transmit as specified in table 7.5.2.5.2-1 for BS type 1-O and table 7.5.2.5.3-1 for BS type 2-O.
b)	Set the signal generator for the interfering signal at the specified frequency offset from the wanted signal to transmit as specified in table 7.5.2.5.2-1 for BS type 1-O and table 7.5.2.5.3-1 for BS type 2-O. The interfering signal shall be swept with a step size of 1 MHz for BS type 1-O or as indicated in Table 7.5.2.4.2-1 for BS type 2-O starting from the minimum offset to the channel edges of the wanted signals.
Table 7.5.2.4.2-1: FR2 Interferer signal step size
	Minimum supported BS channel bandwidth (MHz)
	Measurement
step size
(MHz)

	50
	15

	100
	30

	200
	60

	400
	60

	800
	TBD

	1600
	TBD

	2000
	TBD



	For OTA narrowband blocking:
a)	Set the signal generator for the wanted signal to transmit as specified in table 7.5.2.5.2-2 for BS type 1-O.
b)	Set the signal generator for the interfering signal at the specified frequency offset from the wanted signal to transmit as specified in tables 7.5.2.5.2-2 and 7.5.2.5.2-3 for BS type 1-O. Set-up and sweep the interfering RB centre frequency offset to the channel edge of the wanted signal according to table 7.5.2.5.2-3.
8)	Measure throughput according to annex A.1 for each supported polarization, for multi-carrier and/or CA operation the throughput shall be measured for relevant carriers specified by the test configuration specified in clauses 4.7.2 and 4.8.
9)	Repeat steps 3 to 8 for all the specified measurement directions.
For multi-band RIB(s) and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carriers activated in the other band.

For the test requirement the table defining DfOOB needs to be updated as described in Table 2.4-1.
Table 2.4-1: ΔfOOB offset for NR operating bands in FR2
	BS type
	Frequency Range
	Operating band characteristics (MHz)
	ΔfOOB (MHz)

	BS type 2-O
	FR2-1
	FUL_high – FUL_low ≤ 4000
	1500

	
	FR2-2
	4000 < FUL_high – FUL_low ≤14000
	3500



The test requirement table need to be updated as shown in Table 2.4-2.Table 2.4-2: General OTA blocking requirement for BS type 2-O
	Frequency Range
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power (dBm)
	OTA interfering signal mean power (dBm)
	OTA interfering signal centre frequency offset
from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap 
(MHz)
	Type of OTA interfering signal

	FR2-1
	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	FR2-2
	100, 400, 800, 1600, 2000
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±150
	100 MHz DFT-s-OFDM NR signal,
120 kHz SCS, 64 RBs

	NOTE:	EISREFSENS and EISREFSENS_50M are given in clause 10.3.3.



2.5 Out-of-band blocking
In the test procedure the measurement step size depends on frequency range and minimum supported carrier bandwidth. To include the support for FR2-2 the test procedure needs to be updated as shown below:
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1)	Place BS and the test antenna(s) according to annex E.2.4.1.
2)	Align the BS and test antenna(s) according to the directions to be tested.
3)	Connect test antenna(s) to the measurement equipment as shown in annex E.2.4.1.
4)	The test antenna(s) shall be dual (or single) polarized covering the same frequency ranges as the BS and the blocking frequencies. If the test antenna does not cover both the wanted and interfering signal frequencies, separate test antennas for the wanted and interfering signal are required.
5)	The OTA blocking interferer is injected into the test antenna, with the blocking interferer producing specified interferer field strength level for each supported polarization. The interferer shall be polarization matched in-band and the polarization maintained for out-of-band frequencies.
6)	Generate the wanted signal, according to the applicable test configuration (see clause 4.7 and 4.8) using applicable reference measurement channel to the RIB, according to annex A.1.
7)	Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for general test requirements in table 7.6.5.2.1-1. The distance between the test object and test antenna injecting the interferer signal is adjusted when necessary to ensure specified interferer signal level to be received.
8)	The interfering signal shall be swept within the frequency range specified in table 7.6.5.2.1-1 with the step size specified in table 7.6.4.2.3-1.
9)	Measure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the clause 7.6.5, for the relevant carriers specified by the test configuration in clause 4.7 and 4.8.
Table 7.6.4.2.3-1: Interferer signal step size applicable for FR2-1
	Frequency range
(MHz)
	Minimum supported BS channel bandwidth 
(MHz)
	Measurement
step size
(MHz)

	30 to 6000
	50, 100, 200, 400
	1

	6000 to 60000
	50
	15

	
	100 
	30

	
	200
	60

	
	400 
	60



Table 7.6.4.2.3-2: Interferer signal step size applicable for FR2-2
	Frequency range
(MHz)
	Minimum supported BS channel bandwidth 
(MHz)
	Measurement
step size
(MHz)

	30 to 6000
	100, 400, 800, 1600, 2000
	1

	6000 to 142000
	100
	30

	
	400
	60

	
	800
	TBD

	
	1600
	TBD

	
	2000
	TBD



10)	Repeat for all supported polarizations.

The test requirement needs to be updated to reflect that the upper end of the frequency range 52.6 to 71.0 GHz pass the upper test limit. A new test limit that is higher than 60 GHz is required for FR2-2. Therefore the test requirement text needs to be updated as shown below:
For BS type 2-O operating within FR2-1 the OTA out-of-band blocking requirement apply from 30 MHz to FUL_low – ΔfOOB and from FUL_high + ΔfOOB up to min(2nd harmonic of the upper frequency edge of the operating band, 60 GHz). For BS type 2-O operating within FR2-2 the OTA out-of-band blocking requirement apply from 30 MHz to FUL_low – ΔfOOB and from FUL_high + ΔfOOB up to 2nd harmonic of the upper frequency edge of the operating band. The ΔfOOB for BS type 2-O is defined in table 7.5.2.5.3-0.

A concept to expand the measurement step size as function of carrier bandwidth needs to be established for FR2-2.
Also, in the test requirement table the upper test limit is mentioned. It is therefore appropriate to split the table for FR2-1 and FR2-2 as shown in Table 2.5-1.
Table 2.5-1: OTA out-of-band blocking performance requirement
	Frequency Range
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of interfering signal

	FR2-1
	30 to 12750
	




EISREFSENS + 6 dB
	0.36
	




CW carrier

	
	12750 to FUL_low – ΔfOOB
	
	0.1
	

	
	FUL_high + ΔfOOB to min(2nd harmonic of the upper frequency edge of the operating band, 60000)
	
	0.1
	

	FR2-2
	30 to 12750
	
	0.36
	

	
	12750 to FUL_low – ΔfOOB
	
	0.1
	

	
	FUL_high + ΔfOOB to 2nd harmonic of the upper frequency edge of the operating band
	
	0.1
	



RAN4 needs to determine the proper upper measurement limit for FR2-2 as well as finding a good way to differentiate between FR2-1 and FR2-2.

2.6 Receiver spurious emissions
In the initial condition section, the upper test limit for FR2 is mentioned multiple times. Therefore, the section needs to be updated to support the frequency range 52.6 to 71 GHz as show below:
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Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier, see clause 4.9.1:	
-	For FR1:
-	B when testing from 30 MHz to FDL_low - ΔfOBUE
-	T when testing from FDL_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
-	For FR2:
-	B when testing from 30 MHz to FDL_low - ΔfOBUE
-	T when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz for FR2-1)
RF bandwidth positions to be tested in single-band operation, see clause 4.9.1:
-	For FR1:
-	BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
-	TRFBW when testing from FDL_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
-	For FR2:
-	BRFBW when testing from 30 MHz to FDL_low - ΔfOBUE
-	TRFBW when testing from FDL_high + ΔfOBUE to 2nd harmonic (or to 60 GHz for FR2-1)
RF bandwidth positions to be tested in multi-band operation, see clause 4.9.1:
-	For FR1:
-	BRFBW_T'RFBW when testing from 30 MHz to FDL_Blow_low - ΔfOBUE
-	B'RFBW_TRFBW when testing from FDL_Bhigh_high + ΔfOBUE to 12.75 GHz (or to 5th harmonic)
-	BRFBW_T'RFBW and B'RFBW_TRFBW when testing from FDL_Blow_high + ΔfOBUE to FDL_Bhigh_low - ΔfOBUE
Directions to be tested: As the requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure (see annex I) as long as the required TRP level is achieved.
The power of any receiver spurious emission shall not exceed the limits in table 7.7.5.2-1.

The receiver spurious emission limits needs to be updated as shown in Table 2.6-1.
Table 2.6-1: Radiated Rx spurious emission limits for BS type 2-O
	Spurious 
frequency range 
(Note 4)
	Limit
(Note 5)
	Measurement Bandwidth
	Note

	30 MHz    1 GHz
	-36 dBm
	100 kHz
	Note 1

	1 GHz    18 GHz
	-30 dBm
	1 MHz
	Note 1

	18 GHz    Fstep,1
	-20 dBm
	10 MHz
	Note 2

	Fstep,1    Fstep,2
	-15 dBm
	10 MHz
	Note 2

	Fstep,2    Fstep,3  
	-10 dBm
	10 MHz
	Note 2

	Fstep,4    Fstep,5
	-10 dBm
	10 MHz
	Note 2

	Fstep,5    Fstep,6
	-15 dBm
	10 MHz
	Note 2

	Fstep,6    min(2nd harmonic of the upper frequency edge of the UL operating band in GHz; 60 GHz) for FR2-1
Fstep,6    2nd harmonic of the upper frequency edge of the UL operating band in GHz for FR2-2

	-20 dBm
	10 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [2], s4.1.
NOTE 2:	Limit and bandwidth as in ERC Recommendation 74-01 [19], Annex 2.
NOTE 3:	Upper frequency as in ITU-R SM.329 [2], s2.5 table 1.
NOTE 4:	The step frequencies Fstep,X are defined in table 7.7.5.2-2.
NOTE 5:	Additional limits may apply regionally.



Table 2.6-2: Step frequencies for defining the radiated Rx spurious emission limits 
for BS type 2-O
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz)
	Fstep,4
(GHz)
	Fstep,5
(GHz)
	Fstep,6
(GHz)

	n257
	18
	23.5
	25
	31
	32.5
	41.5

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	n260
	25
	34
	35.5
	41.5
	43
	52

	n261
	18
	25.5
	26.0
	29.85
	30.35
	38.35

	n262
	37.2
	45.2
	45.7
	49.7
	50.2
	58.2

	n263
	18
	43
	53.5
	74.5
	85
	127



RAN4 needs to determine the proper upper measurement limit for FR2-2 as well as finding a good way to differentiate between FR2-1 and FR2-2.














2.7 In channel selectivity
The test requirement needs to be updated by including a new table for the frequency range 52.6 to 71.0 GHz. New test requirements will be defined by adding test uncertainty as shown in Table 2.7-1.
Table 2.7-1: OTA in-channel selectivity requirement 
	Frequency Range
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
(Note 2)
	Interfering signal mean power (dBm)
(Note 2)
	Type of interfering signal

	FR2-2
	100,400
	120
	G-FR2-A1-2
	EISREFSENS_50M + 3 + TBD + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 
32 RB

	
	400
	480
	G-FR2-A1-8
	EISREFSENS_50M + 9 + TBD + ΔFR2_REFSENS
	EISREFSENS_50M + 19+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 480 kHz SCS, 
32 RB

	
	800, 1600
	480
	G-FR2-A1-6
	EISREFSENS_50M + 12 + TBD + ΔFR2_REFSENS
	EISREFSENS_50M + 22 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 480 kHz SCS, 
64 RB

	
	400
	960
	G-FR2-A1-9
	EISREFSENS_50M + 9 + TBD + ΔFR2_REFSENS
	EISREFSENS_50M + 19+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 960 kHz SCS, 
16 RB

	
	800, 1600, 2000
	960
	G-FR2-A1-7
	EISREFSENS_50M + 12 + TBD + ΔFR2_REFSENS
	EISREFSENS_50M + 22+ ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 960 kHz SCS, 
32 RB

	NOTE 1:	Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal.
NOTE 2:	EISREFSENS_50M is defined in clause 10.3.3.





3. Conclusion
In this contribution the work effort to update the NR conformance test specification TS 38.141-2 to support up to 71 GHz have been identified. Areas which require attention are identified (marked in red) and some solutions have been presented.  
New test requirement levels based on maximum test uncertainties will be defined. The maximum test uncertainties requires that OTA test methodologies and test procedures is re-evaluated with respect to measurement acceptable uncertainty. 
Also, details such as measurement step size, upper test frequency, etc. needs to be further discussed before the test specification can be updated. 
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