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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 different aspects related to OTA test requirements and the extended support up to 71 GHz is presented.   
2.1	Test system uncertainty
The maximum OTA test system uncertainty for transmitter 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. 

Table 2.1-2: Maximum OTA Test System uncertainty for FR2 transmitter tests
	Requirement
	Subclause
	Maximum OTA Test System uncertainty

	Radiated transmit power
	6.2
	Normal condition:
±1.7 dB (24.25 – 29.5 GHz)
±2.0 dB (37 – 43.5 GHz)
±2.2 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	
	
	Extreme condition:
±3.1 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.5 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	Base station output power
	6.3
	±2.1 dB (24.25 – 29.5 GHz)
±2.4 dB (37 – 43.5 GHz)
±2.6 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	RE power control dynamic range
	6.4.2
	N/A

	Total power dynamic range
	6.4.3
	±0.4 dB

	Transmitter OFF power
	6.5.1
	±2.9 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz)
±3.6 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	Transmitter transient period
	6.5.2
	N/A

	Frequency error
	6.6.2
	±12 Hz

	Modulation quality
	6.6.3
	1%

	Time alignment error
	6.6.4
	±25 ns

	Occupied bandwidth
	6.7.2
	600 kHz

	ACLR
	6.7.3
	Relative ACLR:
±2.3 dB (24.25 – 29.5 GHz)
±2.6 dB (37 – 43.5 GHz)
±2.8 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)
Absolute ACLR:
±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	Operating band unwanted emissions
	6.7.4
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz)
±2.9 dB (43.5 GHz < f ≤ 48.2 GHz)
±TBD dB (52.6 GHz < f ≤ 71.0 GHz)

	Transmitter spurious emissions, mandatory requirements
	6.7.4
	±2.3 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 ≤ 71.0 GHz)

	Transmitter spurious emissions, additional requirements
	6.7.5.4
	±2.3 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 ≤ 71.0 GHz)



Based on the maximum OTA test uncertainty the test tolerance required to determine the test requirement can be determined according to Table 2.1-2.








Table 2.1-2: Derivation of test requirements 
	Test
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	Radiated transmit power
	Normal conditions:
1.7 dB, 24.25GHz < f ≦ 29.5GHz
2.0 dB, 37GHz < f ≦ 43.5GHz
2.2 dB, 43.5GHz < f ≦ 48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
Extreme conditions:
3.1 dB, 24.25GHz < f ≦ 29.5GHz
3.3 dB, 37GHz < f ≦ 43.5GHz
3.5 dB, 43.5GHz < f ≦ 48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
	Formula:
Upper limit + TT, Lower limit – TT

	Base station output power
	2.1 dB, 24.25GHz < f ≦ 29.5GHz
2.4 dB, 37GHz < f ≦ 43,5GHz
2.6 dB, 43.5GHz < f ≦ 48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
	Formula:
Upper limit + TT, Lower limit – TT


	Output power dynamics
	0.4 dB
	Formula:
Total power dynamic range – TT

	Transmitter OFF power
	2.9 dB, 24.25GHz < f ≦ 29.5GHz
3.3 dB, 37GHz < f ≦ 43.5GHz
3.6 dB, 43.5GHz < f ≦ 48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
	Formula:
Minimum Requirement + TT

	Frequency Error
	12 Hz
	Formula:
Frequency Error limit + TT

	Modulation quality (EVM)
	1 %
	Formula:
EVM limit + TT

	Time alignment error
	25 ns
	

	Occupied bandwidth
	0 Hz
	Formula:
Minimum Requirement + TT

	Adjacent Channel Leakage Power Ratio (ACLR)
	Relative:
2.3 dB, 24.25GHz < f ≦ 29.5GHz
2.6 dB, 37GHz < f ≦43.5GHz
2.8 dB, 43.5GHz < f ≦ 48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
Absolute:
2.7 dB, 24.25GHz < f ≦ 29.5GHz
2.7 dB, 37GHz < f ≦43.5GHz
2.9 dB, 43.5GHz < f ≦48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
	Formula:
Relative limit - TT
Absolute limit +TT


	Operating band unwanted emissions
	0 MHz  f < 0.1*BWcontiguous
2.7 dB, 24.25GHz < f ≦ 29.5GHz
2.7 dB, 37GHz < f ≦43.5GHz
2.9 dB, 43.5GHz < f ≦48.2GHz
TBD dB, 52.6GHz < f ≦ 71.0GHz
0.1*BWcontiguous  f < fmax
0 dB
For co-existence with Earth Exploration Satellite Service 0 dB
	Formula:
Minimum Requirement + TT

	General transmitter spurious emissions requirements
Category A
	0 dB
	Formula:
Minimum Requirement + TT

	General transmitter spurious emissions requirements
Category B
	0 dB
	Formula:
Minimum Requirement + TT

	Transmitter spurious emissions, additional requirements
	For co-existence with Earth Exploration Satellite Service 0 dB
	Formula:
Minimum Requirement + TT






2.2	Radiated transmit power
For each declared conformance beam direction pair, the EIRP measurement results shall remain within the values provided in Table 2.2-1, relative to the manufacturer's declared rated beam EIRP value. BS type 2-O needs to be extended for the frequency range 52.6 to 71.0 GHz as showed in Table 2.2-1.
Table 2.2-1: Test requirement for radiated transmit power
	
	Normal test environment
	Extreme test environment

	BS type 1-H
	f ≤ 3 GHz: ± 3.3 dB
	N/A

	
	3 GHz < f ≤ 6 GHz: ± 3.5 dB
For bands n46, n96 and n102: ± 4.0 dB
	

	BS type 1-O
	f  ≤ 3 GHz: ± 3.3 dB
3 GHz < f ≤ 6 GHz: ± 3.5 dB 
	f  ≤ 3 GHz: ± 5.2 dB
3 GHz < f ≤ 4.2 GHz: ± 5.3 dB
4.2 GHz < f ≤ 6 GHz: ± 5.3 dB

	
	
	

	
	
	

	BS type 2-O
	24.15 GHz < f ≤ 29.5 GHz: ± 5.1 dB
37 GHz < f ≤ 43.5 GHz: ± 5.4 dB
43.5 GHz < f ≤ 48.2 GHz: ± 5.6 dB
52.6 GHz < f ≤ 71.0 GHz: ± TBD dB
	24.15 GHz < f ≤ 29.5 GHz: ± 7.6 dB
37 GHz < f ≤ 43.5 GHz: ± 7.8 dB 
43.5 GHz < f ≤ 48.2 GHz: ± 8.0 dB
52.6 GHz < f ≤ 71.0 GHz: ± TBD dB



2.3	BS output power
For BS output power BS type 2-O needs to be extended for the frequency range 52.6 to 71.0 GHz as showed in Table 2.3-1.
Table 2.3-1: Test requirement for radiated transmit power
	
	Normal test environment

	BS type 1-O
	f  ≤ 3.0 GHz: ± 3.4 dB
3.0 GHz < f ≤ 4.2 GHz: ± 3.5 dB 
4.2 GHz < f ≤ 6.0 GHz: ± 3.5 dB

	
	

	
	

	BS type 2-O
	24.15 GHz < f ≤ 29.5 GHz: ± 5.1 dB
37 GHz < f ≤ 43.5 GHz: ± 5.4 dB
43.5 GHz < f ≤ 48.2 GHz: ± 5.6 dB
52.6 GHz < f ≤ 71.0 GHz: ± TBD dB



2.4	Transmit transient period
For transmit transient period the requirement text needs to be extend as shown below:
The measured mean EIRP spectral density according to clause 6.5.2.4.2 shall be less than -33.1 + Prated,c,EIRP - Prated,c,TRP dBm/MHz for carrier frequency 24.15 GHz < f ≤ 29.5 GHz, where Prated,c,EIRP is the value declared for the reference beam direction pair (D.8) for the beam identifier (D.3) which provides the highest intended EIRP.
The measured mean EIRP spectral density according to clause 6.5.2.4.2 shall be less than -32.7 + Prated,c,EIRP - Prated,c,TRP dBm/MHz for carrier frequency 37 GHz < f ≤ 43.5 GHz, where Prated,c,EIRP is the value declared for the reference beam direction pair (D.8) for the beam identifier (D.3) which provides the highest intended EIRP.
The measured mean EIRP spectral density according to clause 6.5.2.4.2 shall be less than -32.4 + Prated,c,EIRP - Prated,c,TRP dBm/MHz for carrier frequency 43.5 GHz < f ≤ 48.2 GHz, where Prated,c,EIRP is the value declared for the reference beam direction pair (D.8) for the beam identifier (D.3) which provides the highest intended EIRP.
The measured mean EIRP spectral density according to clause 6.5.2.4.2 shall be less than -TBD + Prated,c,EIRP - Prated,c,TRP dBm/MHz for carrier frequency 52.7 GHz < f ≤ 71.0 GHz, where Prated,c,EIRP is the value declared for the reference beam direction pair (D.8) for the beam identifier (D.3) which provides the highest intended EIRP.




2.4	Occupied bandwidth
For occupied bandwidth the number of measurement points needs to be extended to support the frequency range 52.6 to 71.0 GHz. In Table 2.4-2 the measurement point for FR2-1 is listed. 
Table 2.4-2: Span and number of measurement points for OBW measurements for FR2
	Bandwidth
	BS channel bandwidth
BWChannel (MHz)
	Aggregated BS channel bandwidth BWChannel_CA (MHz)

	
	50
	100 
	200
	400
	> 50

	Span (MHz)
	

	[image: ]

	Minimum number of measurement points
	

	




RAN4 needs to decide if the concept used for FR2-1 can be scaled up to support larger carrier bandwidths (800, 1600, 2000 MHz) applicable for FR2-2.

2.5	ACLR
Additions with respect to the frequency range 52.6 to 71.0 GHz is visualised in Table 2.5-1. 
Table 2.5-1: BS type 2-O ACLR limit
	BS channel bandwidth of lowest/highest NR carrier transmitted
BWChannel (MHz)
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	OTA ACLR limit
(dB)






	50, 100, 200, 400, 800, 1600, 2000
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	25.7 (Note 3)
23.4 (Note 4)
23.2 (Note 5)
24 – TBD (Note 6)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest NR carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 43.5 GHz
NOTE 5:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz
NOTE 6:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz



The absolute total power measurement shall not exceed the OTA ACLR absolute limit specified in Table 2.5-2
Table 2.5-2: BS type 2-O ACLR absolute limit
	BS class
	ACLR absolute limit (Note 1)
	ACLR absolute limit (Note 2)
	ACLR absolute limit (Note 3)

	Wide-area BS
	-10.3 dBm/MHz
	-10.1 dBm/MHz
	-13 + TBD dBm/MHz

	Medium-range BS
	-17.3 dBm/MHz
	-17.1 dBm/MHz
	-20 + TBD dBm/MHz

	Local-area BS
	-17.3 dBm/MHz
	-17.1 dBm/MHz
	-20 + TBD dBm/MHz

	NOTE 1:	Applicable to bands defined within the frequency spectrum range of 24.25 – 43.5 GHz
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 43.5 – 48.2 GHz
NOTE 3:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71.0 GHz






2.6	OBUE
For OBUE new tables will be required for Cat A and Cat B emission limits as showed in Table 2.6-1 and Table 2.6-2.

Table 2.6-1: Cat A OBUE limits applicable in the frequency range 52.6 – 71 GHz
	Frequency offset of measurement filter -3B point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	TBD
	1 MHz

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5 MHz  f_offset < f_ offsetmax
	Min(-13 dBm, Max(Prated,t,TRP – 39 dB, -20 dBm))
	1 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap.



Table 2.6-2: Cat B OBUE limits applicable in the frequency range 52.6 – 71 GHz
	Frequency offset of measurement filter -3 dB point,  f
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	TBD
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	Min(-13 dBm, Max(Prated,t,TRP – 39 dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – 29 dB, -10 dBm))
	10 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.




2.7	Spurious emissions
For initial conditions the descriptions need to be updated as shown below:
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 multi-carrier 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 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 multi-carrier 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 test requirement limits will be equal to RF core requirement limits. But the upper test limit needs to be handled separately for FR2-1 and FR2-2 as shown in Table 2.7-1.
Table 2.7-1: General OTA BS transmitter spurious emission limits for BS type 2-O
	Spurious frequency range
	Test limit
	Measurement bandwidth
	Notes

	30 MHz – 1 GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – min(2nd harmonic of the upper frequency edge of the DL operating band in GHz; 60 GHz) for FR2-1
1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band in GHz for FR2-1

	
	1 MHz
	Note 1, Note 2

	NOTE 1:	Measurement bandwidth as in ITU-R SM.329 [5], s4.1.
NOTE 2:	Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.



For Cat B the spurious emission limit tables need to be updated to handle the upper test limit as shown in Table 2.7-2.
Table 2.7-2: BS radiated Tx spurious emission limits in FR2 (Category B)
	Frequency range 
(Note 4)
	Test limit
	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 DL operating band in GHz; 60 GHz) for FR2-1
Fstep,6    2nd harmonic of the upper frequency edge of the DL operating band in GHz for FR2-2
	-20 dBm
	10 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [5], s4.1
NOTE 2:	Limit and bandwidth as in ERC Recommendation 74-01 [26], annex 2.
NOTE 3:	Upper frequency as in ITU-R SM.329 [5], s2.5 table 1.
NOTE 4:	The step frequencies Fstep,X are defined in table 6.7.5.2.5.2.3-2. 



, where the parameters Fstep,X is described in Table 2.7-3.
Table 2.7-3-2: Step frequencies for defining the BS radiated Tx spurious emission limits in FR2 (Category B)
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz) (Note 2)
	Fstep,4
(GHz) (Note 2)
	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

	n263
	18
	43
	53.5
	74.5
	85
	127

	NOTE 1:	Fstep,X are based on ERC Recommendation 74-01 [26], annex 2.
NOTE 2:	Fstep,3 and Fstep,4 are aligned with the values for ΔfOBUE in table 6.7.1-1.



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.

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. 
New test requirement levels based on maximum test uncertainties will be defined for FR2-2. The maximum test uncertainties requires that OTA test methodologies and test procedures is re-evaluated with respect to measurement acceptable uncertainty. The work to update test method descriptions and corresponding measurement uncertainty evaluation will be the grand challenge in the conformance work. 
Also, details such as measurement step size, upper test frequency, etc. needs to be further discussed before the test specification can be updated.   

4. References
[1]	TR 37.941, “Radio Frequency (RF) conformance testing background for radiated Base Station (BS) requirements”, 3GPP
[2] 	SM.329, “Unwanted emissions in the spurious domain”, ITU-R


3GPP
image1.emf
2XBW

Channel









		

2

´

BW

Channel


oleObject1.bin

image2.wmf
CA

Channel

BW

_

2

´


image3.emf
2 X BWChannel
200kHz









2

´

BW

Channel

200kHz

é

ê

ê

ê

ù

ú

ú

ú


oleObject2.bin

image4.emf
2 x BWChannel_CA
200kHz









2

´

BW

Channel_CA

200kHz

é

ê

ê

ê

ù

ú

ú

ú


oleObject3.bin

