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< Beginning of Changes >

7.6	Plane Wave Synthesizer
[bookmark: _Toc21086249][bookmark: _Toc29768685][bookmark: _Toc32332020][bookmark: _Toc37429935][bookmark: _Toc43739009][bookmark: _Toc46346770][bookmark: _Toc53168477][bookmark: _Toc53169169][bookmark: _Toc53169861]7.6.1		Measurement system description
This method is a natural extension of a CATR measurement method as captured in clause 9.2.3, where the reflector is replaced by an antenna array, or Plane Wave Synthesizer (PWS), capable of approximating a plane wave within a specified quiet zone in front of the antenna in a similar manner as the reflector in a CATR system. 
The principle of the Plane Wave Synthesizer is shown in figure 7.6.1-1:
[image: ]
Figure 7.6.1-1: PWS test system diagrammeasurement setup, Tx requirements
[image: ]
Figure 7.6.1-2: PWS measurement setup, for OTA sensitivity measurementsRx requirements
[image: ]
Figure 7.6.1-3: PWS measurement setup, OTA dynamic range, ACS, blocking and ICS
[image: ] 
Figure 7.6.1-4: PWS measurement setup, Receiver intermodulation
The PWS typically consists of two main components: the radiating elements arranged in the structure of an array and the feeding system. The architecture of the later depends on the adopted technology, e.g. it could be fed by a standard Beam Forming Network (BFN) or by an active system.
Using similar technique of setting the phase and amplitude of the array signals, a quiet zone containing planar waves as a linear superposition of the array elements' spherical radiation waves can be created within the near field of the array.
The PWS can achieve far-field testing conditions in a Quiet Zone (QZ) as in the case of CATRs it enables direct measurements of far-field BS performance in a controlled indoor environment as an alternative to CATR.
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9.8.4A.1	Measurement system description
Measurement system description is captured in clause 7.6. 
9.8.4A.2 	Test procedure
9.8.4A.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.
9.8.4A.2.2	Stage 2: BS measurement 
Reference PWS measurement procedure in clause 9.2.6.2.2 where in steps 3 - 5 the appropriate measurement parameter is TAE. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
The testing procedure consists of the following steps:
1)	Align BS with boresight of the range antenna. 
2)	Configure BS to transmit signals carrying reference signals. All beams must be pointed at the same direction. 
NOTE:	The transmitted signals should represent the beam configuration with the lowest number of beams. Each beam should be identifiable using a reference signal.
-	For a BS declared to be capable of single carrier operation only, set BS to transmit according to rated beam EIRP level.
-	If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.
-	If the BS supports inter band carrier aggregation, set BS to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.
3)	Measure TAE between the reference signals with signal/spectrum analyser or equivalent equipment.
9.8.4A.3	MU value derivation 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
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10.4.3A.1	Measurement system description
Measurement system description is captured in clause 7.6.1 and the measurement system setup for OTA dynamic range depicted on figure 7.6.1-3. 
10.4.3A.2 	Test procedure
10.4.3A.2.1	Stage 1: Calibration
Calibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the wanted and AWGN interfering signals with power combiner/coupler:
LWanted_cal, A→C: Calibration value for wanted signal between A and C in figure 7.6.1-3. 
LAWGN_cal, A→D: Calibration value for AWGN interfering signal between A and D in figure 7.6.1-3.
10.4.3A.2.2	Stage 2: BS measurement 
The PWS testing procedure consists of the following steps:
1)	Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→C and at reference measurement channel.
3)	Configure RF signal generator for AWGN interferer to set the signal at the required level plus LA→D and at the same frequency as wanted signal.  
4)	Measure the throughput of the wanted signal.
5)	Repeat steps 2 - 4 for all conformance test bands and directions.
10.4.3A.3		MU value derivation, FR1
The MU for OTA dynamic range requirement is not impacted by OTA chamber related uncertainties, so the MU is the same as for the conducted dynamic range requirement. This is further discussed and concluded in clause 10.4.4.
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10.5.3A.1	Measurement system description
Measurement system description is captured in clause 7.6.1, with the PWS measurement system setup for ACS, general blocking and narrowband blocking depicted on figure 7.6.1-3. 
10.5.3A.2	Test procedure
10.5.3.2A.1	Stage 1: Calibration
Calibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the frequencies of wanted and interfering signals with power combiner/coupler. Calculate the calibration value for wanted and interfering signal from A to C as well as from A to D:
LWanted_cal, A→C: Calibration value for wanted signal between A and C in figure 7.6.1-3. 
Linterferer_cal, A→D: Calibration value for interfering signal between A and D in figure 7.6.1-3.
10.5.3A.2.2	Stage 2: BS measurement 
The PWS testing procedure consists of the following steps:
1)	Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→C and at reference measurement channel.
3)	Configure RF signal generator for interferer to set the signal at the required level plus LA→D and at reference measurement channel. The interferer’s centre frequency offset should be swept as required.  
4)	Measure the throughput of the wanted signal.
5)	Repeat steps 2 - 4 for all conformance test directions.
6)	Repeat steps above per involved band for multi-band RIB(s).
10.5.3A.3	MU value derivation, FR1
The MU is estimated based on conducted MU value (e.g. as in TS 36.141 [3]), the MU for EIS in clause 10.2 and an estimated uncertainty for matching of test equipment and BS or test antenna.
The 2 sigma matching uncertainty is 0.3 dB up to 4.2 GHz.
Test system uncertainty is obtained by following equations:
	
Where 
	
	
	
And we assume  
Test system uncertainty for ACS, narrow band blocking, and general band blocking is shown in table 10.5.3A.3-1. Note that all uncertainties in table are 1.96σ values.
Table 10.5.3A.3-1: PWS MU value derivation for OTA ACS, general blocking and narrowband blocking measurement, FR1
	
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	Calculation details

	
	±0.7 dB
	±1 dB
	

	
	±0.7 dB
	±1 dB
	

	
	±0.3 dB
	±0.3 dB
	

	
	±0.632dB
	±0.954 dB
	

	
	±0.632 dB
	±0.954 dB
	

	
	1.31 dB
	1.40 dB
	

	
	0.9 dB
	0.9 dB
	

	
	±0.3 dB
	±0.3 dB
	

	
	±0.902 dB
	±1.03 dB
	

	ACLR effect
	0.4 dB
	

	
	1.7 dB
	2.1 dB
	


10.5.4		Maximum accepted test system uncertainty 
MU can be calculated as follows:

	 
With

	

	
And

	

The MU for 4.2GHz < f ≤ 6GHz for each receiver directional requirement can be calculated as shown in tables 10.5.4-1 to 10.5.4-3 below.
Table 10.5.4-1: MU for adjacent channel selectivity, narrowband blocking, in-channel selectivity
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	IAC
	CATR

	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	MUconductedint (Interferer signal level error)
	1
	1.30
	1
	1.30

	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	Combined standard uncertainty (1σ)
	1.02
	1.19
	1.08
	1.24

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.00
	2.33
	2.12
	2.43



Table 10.5.4-2: MU for in-band blocking
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	IAC
	CATR

	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	MUconductedint (Interferer signal level error)
	1.2
	1.46
	1.2
	1.46

	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	Combined standard uncertainty (1σ)
	1.09
	1.25
	1.14
	1.29

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.13
	2.44
	2.24
	2.54



Substituting the variables above into the formula, the MU for each receiver directional requirement can be calculated as shown in table 10.5.4-3 below.
Table 10.5.4-3: MU for adjacent channel selectivity, in-band blocking, in-channel selectivity
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC, CATR

	MUEIS (Expanded uncertainty)
	2.4

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4

	Combined standard uncertainty (1σ)
	1.74

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.40



Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for OTA ACS, general blocking and narrowband blocking test can be derived from values captured in table 10.5.4-1, derived based on the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are applicable for all test methods addressing OTA ACS, general blocking and narrowband blocking test requirements. 
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10.6.3A	Plan Wave Synthesizer 
10.6.3A.1	Measurement system description
Measurement system description is captured in clause 7.6.1, with the CATR measurement system setup for OTA RX IMD depicted on figure 7.6.1-4. 
10.6.3A.2	Test procedure
10.6.3A.2.1	Stage 1: Calibration
Calibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the frequencies of wanted and 2 interfering signals with power combiners/couplers. Calculate the calibration value for wanted and interfering signals from A to C as well as from A to D and A to E:
LWanted_cal, A→C: Calibration value for wanted signal between A and C in figure 7.6.1-4. 
Linterferer1_cal, A→D: Calibration value for interfering signal between A and D in figure 7.6.1-4.
Linterferer2_cal, A→E: Calibration value for interfering signal between A and E in figure 7.6.1-4.
10.6.3A.2.2	Stage 2: BS measurement 
The PWS testing procedure consists of the following steps:
1)	Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 7.6.1-4. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Configure RF signal generator for wanted signal to set the signal at the required level plus LA→C and at reference measurement channel.
3)	Configure RF signal generator for interferer1 to set a modulated signal at the required level plus LA→D and at reference measurement channel. The interferer’s centre frequency offset should also fulfil the requirement. 
4)	Configure RF signal generator for interferer2 to set a CW signal at the required level plus LA→E and at reference measurement channel. The interferer’s centre frequency offset should also fulfil the requirement.
5)	Measure the BER or throughput of the wanted signal.
6)	Repeat steps all above per involved band for multi-band RIB(s). 
10.6.3A.3	MU value derivation, FR1
The MU is estimated based on conducted MU value (e.g. as in TS 36.141 [3]), the MU for EIS in clause 10.2 and an estimated uncertainty for matching of test equipment and BS or test antenna.
Test system uncertainty is obtained by following equations:

Where 
	
	
	
	
And we assume 
Test system uncertainty for OTA receiver intermodulation is shown in table 10.6.3A.3-1. Note that all uncertainties in table are 1.96σ values.
Table 10.6.3A.3-1: PWS MU value derivation for OTA receiver intermodulation measurement, FR1
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	Calculation details

	
	±0.7 dB
	±1.0 dB
	

	
	±0.5 dB
	±0.7 dB
	

	
	±0.7 dB
	±1.0 dB
	

	
	±0.3 dB
	±0.3 dB
	

	
	±0.632 dB
	±0.954 dB
	

	
	±0.400 dB
	±0.632 dB
	

	
	±0.632 dB
	±0.954 dB
	

	
	1.31 dB
	1.40 dB
	

	
	0.9 dB
	0.9 dB
	

	
	±0.3 dB
	±0.3 dB
	

	
	±0.902 dB
	±1.03 dB
	

	ACLR effect 
	0.4 dB
	

	
	1.9 dB
	2.5 dB
	



[bookmark: _Toc32332316][bookmark: _Toc37430233][bookmark: _Toc43739336][bookmark: _Toc46347097][bookmark: _Toc53168804][bookmark: _Toc53169496][bookmark: _Toc53170188]10.6.4	Maximum accepted test system uncertainty 
MU can be calculated as follows:
 

	
With

	

	
And

	

Table 10.6.4-1: MU for receiver intermodulation
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	IAC
	CATR

	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	MUconductedmodint (Modulated interferer signal level error)
	1
	1.30
	1
	1.30

	MUconductedCWint (CW interferer signal level error)
	0.7
	1.08
	0.7
	1.09

	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	Combined standard uncertainty (1σ)
	1.24
	1.57
	1.32
	1.62

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.43
	3.09
	2.60
	3.17



Substituting the variables above into the formula, the MU for each receiver directional requirement can be calculated as shown in table below.
Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for OTA RX IMD test can be derived from values captured in table 10.6.4-1, derived based on the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are applicable for all test methods addressing OTA RX IMD test requirements. 
Table 10.6.4-2: MU for receiver intermodulation
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC, CATR

	MUEIS (Expanded uncertainty)
	2.4

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9

	MUCWint (CW interferer signal level error)
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4

	Combined standard uncertainty (1σ)
	1.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.90
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10.7.3A.1	Measurement system description
Measurement system description is captured in clause 7.6.1, with the PWS measurement system setup for OTA ICS depicted on figure 7.6.1-3. 
10.7.3A.2	Test procedure
10.7.3A.2.1	Stage 1: Calibration
Calibration procedure for the PWS shall be done with the procedure shown in clause 8.6, with power combiner/coupler. Calculate the calibration value for wanted and interfering signal from A to C as well as from A to D:
LWanted_cal, A→C: Calibration value for wanted signal between A and C in figure 7.6.1-3. 
Linterferer_cal, A→D: Calibration value for interfering signal between A and D in figure 7.6.1-3.
10.7.3A.2.2	Stage 2: BS measurement 
The PWS testing procedure consists of the following steps:
1)	Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Configure RF signal generator for wanted signal to set it at the required level plus LA→C and at one side of the frequency centre of reference measurement channel. 
3)	Configure RF signal generator for interferer to set it at the required level plus LA→D and at the other side of the frequency centre of reference measurement channel. The interferer should be adjacent to the wanted signal.  
4)	Measure the throughput of the wanted signal. 
5)	Repeat the steps 2 - 4 by exchange the locations of wanted signal and interfering signal in frequency domain at the same channel. 
6)	Repeat steps above per involved band for multi-band RIB(s).
10.7.3A.3	MU value derivation, FR1
The MU budget and values for OTA ICS are the same as those for OTA ACS, described in clause 10.5.3A.3.
< End of Changes >
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