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1 Introduction
In the last meeting the way forward [1] was approved outlining how the MU for the new Rx directional requirements could be estimated.
This contribution discusses the MU for the RX directional signal quality requirements.

2 Discussion

The following directional RX requirements were identified in [1]

1. OTA sensitivity 

This is already covered in REL13, no additional information is required.
2. OTA reference sensitivity

3. OTA Dynamic range

4. OTA adjacent channel selectivity, general blocking and narrowband blocking

5. OTA intermodulation

6. OTA in-channel selectivity

7. OTA out of band blocking

OTA sensitivity has already been analyzed for release 13, OTA out of band blocking s an out of band requirement however the other 5 in-band directional requirements will be discussed below.

2.1 OTA reference sensitivity

There are a few differences between OTA sensitivity and OTA reference sensitivity:

· OTS sensitivity is valid over the declared OSDD, OTA REFSENS is valid over declared OTA REFSENS RoAoA

· OTA sensitivity EIS is declared, OTA REFSENS EIS value is calculated based on OTA REFSENS RoAoA

· Lowest OTA sensitivity EIS value is used as minSENS and minSENS should be ≤ OTA REFSENS EIS value

· This is implied – need to check if it’s clear in the declarations

The only change that could alter the measurement accuracy of OTA REFSENS with respect to OTA sensitivity is if the level were considerably lower this may introduce additional uncertainty. However OTA REFSENS level is equal to or greater than OTA sensitivity hence the MU can be assumed to be exactly the same.

Proposal 1: OTA REFSENS MU is same as OTA sensitivity MU

2.2 OTA Dynamic range

The dynamic range requirement is the receivers ability to receive a modulated signal at a level above the reference sensitivity in the presence of an interfering AWGN on channel interferers.
The MU applied to the conducted requirement is applied to the signal to noise ratio. The wanted signal power is increased by the MU and the interferer level is the same as the core requirement, e.g. for 5MHZ E-UTRA

The MU is 0.3dB

Core requirement 
wanted signal = -70.2dBm, 
Interferer = -82.5dBm

Test requirement

wanted signal = -69.9dBm, 
Interferer = -82.5dBm
Because the wanted signal is well above the noise floor and it is the signal to noise ratio between the wanted and the interferer which is important the MU is based on differential errors between the wanted signal and the interferer.
The conducted test set up is as follows:
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For the OTA test set up the radiated interface is in between the hybrid combiner and the BS under test. Hence any errors due to the OTA chamber will be common to both the wanted and the interferer and will cancel out.

As the interferer is co-channel then it the chamber response and the AAS antenna will have identical responses to both the interfere and the wanted.

Hence all OTA chamber errors will cancel out, the remaining differential error will be due to the signal source accuracy, the path between the source and the combiner and the combiner itself. These are all identical to the conducted case, the OTA MU is hence the same as the conducted MU.

Proposal 2: OTA Dynamic range MU is the same as the conducted dynamic range MU.

2.3 Absolute wanted and interference requirements

The ACS, blocking and ICS requirements MU are all based on  the absolute accuracy of the signal arriving at the BS. They all involve the addition of the wanted and interfering signals prior to being applied to the BS.

For example for ACS

The conducted test system is defined as follows:
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Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer ACLR

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer ACLR effect is systematic, and is added arithmetically.

Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect.

The OTA requirements place the wanted and interfering signals in the same direction and as they are all in-band signals they will use the same transmitting test antenna. As such the wanted and interfering signals will be added prior to the OTA chamber.

For ACS with indoor anechoic chamber
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The test chamber accuracy can therefore be assessed without the impact of the signal generator and this can be added to the conducted sum as an additional independent contributor.

The MU calculation is hence:

Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2 + OTA_chamber_error2)] + ACLR effect.
As the interferer and the wanted signal are different frequencies then the OTA chamber may perform differently at different frequencies. An obvious affect is the FSPL for example for a fixed distance the FSPL difference between the top and the bottom of band 48 is:
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This is significant in terms of the existing MU budget, it is important therefore that the chambers are calibrated separately for each of the test signal frequencies.

2.3.1 OTA chamber absolute error
The OTA chamber error (without the signal generator) can be calculated using the data submitted for the OTA sensitivity analysis in TR 37.842 [??].

Table 2.3.1-1 Indoor Anechoic chamber ACS error budget (wanted and interferer)

	UID
	Uncertainty source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
	Standard uncertainty ui [dB]

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	
	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	1.73
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the transmitting antenna
	0.3
	0.3
	Rectangular
	1.73
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	4
	Polarization mismatch between the AAS BS and the transmitting antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	8
	Impedance mismatch in the transmitting chain
	0.14
	0.23
	U-shaped
	1.41
	1
	0.1
	0.16

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	0.05
	0.05
	U-shaped
	1.41
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and network analyzer
	0.05
	0.05
	U-shaped
	1.41
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	1.73
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.2
	Gaussian
	1
	1
	0.13
	0.2

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the transmitting antenna feed cable
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.25
	Rectangular
	1.73
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	Combined standard uncertainty (1σ) [dB]
	0.42
	0.44

	
	
	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.83
	0.87

	
	
	


Table 2.3.1-2 CATR ACS error budget

	UID
	Uncertainty source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
	Standard uncertainty ui [dB]

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	
	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage & dynamic range, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	6
	Miscellaneous uncertainty
	0
	0
	Normal
	1
	1
	0
	0

	Stage 1: Calibration measurement

	7
	Network Analyzer
	0.13
	0.2
	Normal
	1
	1
	0.13
	0.2

	8
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	9
	Insertion loss of transmitter chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

	10
	RF leakage,  (SGH connector terminated & test range antenna connector cable terminated)
	0.00156
	0.00156
	Normal
	1
	1 
	0.00156
	0.00156

	11
	Flexing cables & connector repeatability
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	12
	SGH Calibration uncertainty
	0.502
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	13
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	14
	QZ ripple with SGH
	0.09
	0.09
	Normal
	1
	1
	0.09
	0.09

	15
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	16
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	17
	Misalignment calibration system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	18
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06
	0.06

	19
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
	0.50
	0.54

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	0.98
	1.06


In summary:

Table 2.3.1-3: MU for absolute accuracy with no signal source MU included.
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	0.83
	0.87

	Compact Antenna Test Range
	0.98
	1.06

	…
	
	

	…
	
	

	Common maximum accepted test system uncertainty
	[0.98]
	[1.06]


As with the OTS sensitivity requirement the CATR MU is slightly higher hence this will be used for the MU.

2.4 OTA adjacent channel selectivity, general blocking and narrowband blocking
In the AAS specification these 3 interference based requirements are in the same section, this is somewhat confusing but was necessary in order to remain compatible with both UTRA, E-UTRA and MSR specifications where the sections are all handled slightly differently.
· General blocking and narrowband blocking is specified relative to both OTA REFSENS and OTA REFSENS.

· ACS is specified relative to OTA minSENS only.

Also the conducted MU are different for the different requirements

· ACS and narrow band blocking

· ±1.4 dB, f ≤ 3.0GHz

· ±1.8 dB, 3.0GHz < f ≤ 4.2GHz

· ±2.5 dB, 4.2GHz < f ≤ 6.0GHz
· General in-band blocking  (with a modulated interferer)

· ±1.6 dB, f ≤ 3.0GHz

· ±2.0 dB, 3.0GHz < f ≤ 4.2GHz

· ±2.7 dB, 4.2GHz < f ≤ 6.0GHz
The general in-band blocking MU is higher as the uncertainty for the interferer level is greater than that for the ACS and narrow band interferer.
2.4.1 ACS and narrow band blocking
For blocking and ACS the TT is zero and the MU is as listed above, in the case of the receiver requirements this would imply that the test system should be able to provide a signal at the input of the receiver within the MU. As such it would be expected that both the wanted signal and the interferer would be within the MU.

Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error
3.
OTA chamber uncertainty
3. Additional impact of interferer ACLR

Items 1, and 3 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer ACLR effect is systematic, and is added arithmetically.

Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2 + OTA_chamber_error2)] + ACLR effect.
Items 1,2 and 4 are the same as for the conducted requirement and are given in TS 36.141

f ≤ 3.0GHz

Wanted signal level ± 0.7dB

Interferer signal level ± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.0dB

4.2GHz < f ≤ 6.0GHz

Wanted signal level ± 1.5dB

Interferer signal level ± 1.5dB

ACLR effect is 0.4dB.

The OTA chamber error is given in table 2.3.1-3, hence the OTA MU is:

f ≤ 3.0GHz

Test System uncertainty = [SQRT (0.72 + 0.72+ 0.982)] + 0.4 = 1.8 dB

3.0GHz < f ≤ 4.2GHz
Test System uncertainty = [SQRT (12 + 12+ 1.062)] + 0.4 = 1.8 dB

Proposal 3: ACS and NB blocking MU is 1.8dB for f ≤ 3.0GHz and 2.2dB for 3.0GHz < f ≤ 4.2GHz
2.4.2 General blocking
For the conducted MU calculation the general blocking MU is higher, as the test equipment accuracy for generating the modulated interferer is higher. The following values from TS 36.141 are used:

In-band blocking, using modulated interferer:

f ≤ 3.0GHz

Wanted signal level ± 0.7dB

Interferer signal level ± 1.0dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.2dB

4.2GHz < f ≤ 6.0GHz

Wanted signal level ± 1.5dB

Interferer signal level ± 1.8dB

The OTA chamber error is given in table 2.3.1-3, hence the OTA MU is:

f ≤ 3.0GHz

Test System uncertainty = [SQRT (0.72 + 12+ 0.982)] + 0.4 = 2.0 dB

3.0GHz < f ≤ 4.2GHz
Test System uncertainty = [SQRT (12 + 1.22+ 1.062)] + 0.4 = 2.3 dB

Proposal 4: In band general blocking MU is 2.0dB for f ≤ 3.0GHz and 2.3dB for 3.0GHz < f ≤ 4.2GHz
2.5 OTA Intermodulation
The conducted Rx intermodulation requirement TT is zero and the MU is:

±1.8 dB, f ≤ 3.0GHz

±2.4 dB, 3.0GHz < f ≤ 4.2GHz

±3.3 dB, 4.2GHz < f ≤ 6.0GHz
The conducted IMD MU is calculated using a similar methodology to the ACS and blocking requirement, the following is documented in TS 36.141:
Overall system uncertainty comprises four quantities:

1. Wanted signal level error

2. CW Interferer level error

3. Modulated Interferer level error

4. Impact of interferer ACLR

The effect of the closer CW signal has twice the effect. Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared to provide the combined effect of the three signals. The interferer ACLR effect is systematic, and is added arithmetically.

Test System uncertainty = SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2 +(wanted signal_level_error)2] + ACLR effect.

f ≤ 3.0GHz

Wanted signal level ± 0.7dB

CW Interferer level ± 0.5dB

Mod Interferer level ± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

CW Interferer level ± 0.7dB

Mod Interferer level ± 1.0dB

4.2GHz < f ≤ 6.0GHz

Wanted signal level ± 1.5dB

CW Interferer level ± 1.0dB

Mod Interferer level ± 1.5dB

f ≤ 6.0GHz

The Impact of interferer ACLR 0.4dB

The conducted measurement system is as follows:
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Figure 2.4-1: Measuring system Set-up for intermodulation characteristics

As with the ACS test system the OTA link will be placed between the hybrid and the BS under test. Hence the same methodology can be used to calculate the overall MU. The MU is calculated as follows:

Test System uncertainty = SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2 +(wanted signal_level_error)2+ OTA_chamber_error2] + ACLR effect.

The OTA chamber error is given in table 2.3.1-3, hence the OTA MU is:

f ≤ 3.0GHz

Test System uncertainty = [SQRT ((2*0.5)2 + 0.72+ 0.72+ 0.982)] + 0.4 = 2.1 dB

3.0GHz < f ≤ 4.2GHz
Test System uncertainty = [SQRT ((2*0.7)2 + 12+ 12+ 1.062)] + 0.4 = 2.7 dB

Proposal 5: RX IMD MU is 2.1dB for f ≤ 3.0GHz and 2.7dB for 3.0GHz < f ≤ 4.2GHz
2.6 OTA In-channel selectivity

The conducted in channel selectivity TT and MU are the same they are:
±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz

±2.5 dB, 4.2GHz < f ≤ 6.0GHz
The TT is applied to the wanted signal.

The conducted test methodology and MU analysis for in channel selectivity is the same as for ACS and narrow band blocking. Hence the OTA analysis is the same. It is proposed the TT and MU for OTA in-channel selectivity are the ACS MU.

Proposal 6: OTA In-channel selectivity MU and TT are 1.8dB for f ≤ 3.0GHz and 2.2dB for 3.0GHz < f ≤ 4.2GHz
3 Summary

Each of the in-band directional receiver requirements have been examined and the information about the conducted MU used in conjunction with the OTA chamber MU analysis for the indoor anechoic chamber and the CATR. The following 6 proposals are made
Proposal 1: OTA REFSENS MU is same as OTA sensitivity MU

Proposal 2: OTA Dynamic range MU is the same as the conducted dynamic range MU.

Proposal 3: ACS and NB blocking MU is 1.8dB for f ≤ 3.0GHz and 2.2dB for 3.0GHz < f ≤ 4.2GHz
Proposal 4: In band general blocking MU is 2.0dB for f ≤ 3.0GHz and 2.3dB for 3.0GHz < f ≤ 4.2GHz
Proposal 5: RX IMD MU is 2.1dB for f ≤ 3.0GHz and 2.7dB for 3.0GHz < f ≤ 4.2GHz
Proposal 6: OTA In-channel selectivity MU and TT are 1.8dB for f ≤ 3.0GHz and 2.2dB for 3.0GHz < f ≤ 4.2GHz
In summary:
	Requirement
	Unit
	Conducted MU
	 Conducted TT
	OTA MU
	OTA TT

	
	
	Ref: 36.141 subclause4.1.2.1
	Ref: 36,.141, annex G1
	@ 95% confidence (1.95σ)
	@ 95% confidence (1.95σ)

	
	
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz
	f ≤ 3.0 GHz
	3.0 GHz < f ≤ 4.2 GHz

	7.2 OTA sensitivity
	dB
	x
	x
	x
	x
	1.3
	1.4
	1.3
	1.4

	7.3 OTA Reference sensitivity level
	dB
	0.7
	1
	0.7
	1
	1.3
	1.4
	1.3
	1.4

	7.4 OTA Dynamic range
	dB
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	7.5 OTA Adjacent channel selectivity and narrowband blocking
	dB
	1.4
	1.8
	0
	1.8
	2.2
	0

	7.5 OTA general blocking
	dB
	1.6
	2
	0
	2.0
	2.3
	0

	7.8 OTA Receiver intermodulation
	dB
	1.8
	2.4
	0
	2.1
	2.7
	0

	7.9 OTA In-channel selectivity
	dB
	1.4
	1.8
	1.4
	1.8
	1.8
	2.2
	1.8
	2.2
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