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1 Introduction
In the last meeting a number of papers were presented on the subject of the directional receiver requirements, some additional points were made online during the meeting so a WF [1] was agreed highlighting the open issues.
This paper discusses those open issues with a view to finalizing the receiver directional requirements.

2 Discussion

The open issues in [1] are:

1. How to add the OTA chamber uncertainty to the conducted uncertainty, 2 methods have been proposed so far, for example:

a. 
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b. 
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c. Oher options are not precluded

2. How the exsiting conducted MU can be incorporated into the estimation of the OTA MU.

3. How the chamber error may vary between the different signals considering they may be different frequnecies

4. Additional conducted error due to the possible need for an amplifier to boost signals considering the OTA path loss 
5. Additional ACLR effect due to the increased power level needed to generate the OTA test signal considering the OTA path loss

6. Additional consideration of error due to noise floor considering the OTA path loss.

Taking each of thee in turn
2.1 How to add the OTA chamber uncertainty to the conducted uncertainty

The OTA test system for the receiver directional requirements which have both a wanted signal and an interferer from the same direction the test signal applied to the OTA chamber therefore will be similar to the test signal applied to the antenna connector for the conducted measurement. Looking at both the conducted test set up below:
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Figure 1: OTA sensitivity test set up
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Figure 1: Conducted receiver ACS test set up

Point D is almost the same point on each set up.
For the OTA test set up point D is at the output of the signal generator.

For the conducted test set up point D represents the uncertainty of the signal generators and the associated combiners and attenuators.

If we replace the signal generator in figure 1 with the conducted test signal generation in figure 2 we get:
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Figure 3: OTA interference test set up

This seems simple enough that the conducted uncertainty should be added to the OTA uncertainty (minus the signal generator MU). However a number of issues which may affect this have been highlighted in the open issues.  Thes are further discussed in the following sections.
2.2 How the chamber error may vary between the different signals considering they may be different frequencies
All the requirements being discussed are in-band requirements so it can be assumed that the chamber is suitable for both the wanted and interferer frequencies. However the in-band region can be quite large and the blocking test requires that the interferer is applied up to 20MHz outside the band edge. The worst case in % band width is Band 40 which is from 2300 to 2400 MHZ with eth 20MHz extension this is a difference in FSPL of 0.44dB

The Blocking test is only done for middle channel so this reduces the frequency delta, however this is still a difference in FSPL of 0.25dB.

It should also be considered that there are differences in performance of other components in the path. It is hence reasonable to expect that the chamber is calibrated for all frequencies being tested and the signal levels have separate calibration correction factors applied to them. 
The question is then should the calibration error be applied to each signal independently or to the sum of the signals.

The calibration part of the MU budget is as follows:

	UID
	Uncertainty source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui  [dB]

3GHz < f ≦ 4.2 GHz

	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
	1.00
	1
	0.10
	0.10

	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
	0.00
	0.00

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1.00
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20

	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
	1.00
	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
	0.50
	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
	0.00
	0.00

	Combined standard uncertainty (1σ) [dB]
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	0.35
	0.35

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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 As the calibration uses a network analyser then it can be carried out across many frequencies without disconnecting – so many of the calibration errors will be common.
The main contributing factors to the budget are the analyser uncertainty and the reference antenna uncertainty (just these two result in MU of 0.63dB).

The analyser absolute error is error is clearly greater than a differential error in the same sweep, the reference antenna performance with frequency is much less than its overall error (from data sheets it appears variation  over 100MHz <0.1dB). So it is certainly not reasonable to add the whole of the calibration MU twice. This is also does not make sense as the calibration uncertainty is greater than the difference in path loss for the 2 frequencies under consideration.
The frequency dependent part of the calibration could be separated from the other aspects of the calibration uncertainty, however this would require a high level of detail for what is perhaps only a small error. 
Considering worst case the error in FSPL is only ±0.1dB if the centre frequency between the wanted and interfering signal is used for calibration. In most cases the channel BW is much smaller and the difference will be even less.

It is proposed therefore that a frequency error of 0.1dB is added to the MU budget to account for either uncertainty in the calibration between 2 frequencies or to account for variation in FSPL

2.3 Additional conducted error due to the possible need for an amplifier to boost signals considering the OTA path loss
For ACS the effect of ALCR is calculated as follows (ref TS 36.141 subclause 4.1.2.2):

Note 2:


The Test equipment ACLR requirement for a specified uncertainty contribution is calculated as below:

a) 
The wanted signal to noise ratio for Reference sensitivity is calculated based on a 5dB noise figure

b) 
The same wanted signal to (noise + interference) ratio is then assumed at the desensitization level according to the ACS test conditions

c) 
The noise is subtracted from the total (noise + interference) to compute the allowable BS adjacent channel interference. From this an equivalent BS ACS figure can be obtained

d) 
The contribution from the Test equipment ACLR is calculated to give a 0.4dB additional rise in interference. This corresponds to a Test equipment ACLR which is 10.2 dB better than the BS ACS

e) 
This leads to the following Test equipment ACLR requirements for the interfering signal:

Adjacent channel Selectivity

E-UTRA 1.4MHz channel bandwidth:  56dB

E-UTRA 3MHz channel bandwidth:  56dB

E-UTRA 5MHz channel bandwidth and above:  56dB

Stand-alone NB-IoT 200kHz channel bandwidth: 56dB

Narrow band blocking

E-UTRA 1.4MHz channel bandwidth:  65dB

E-UTRA 3MHz channel bandwidth:  61dB

E-UTRA 5MHz channel bandwidth and above:  59dB

Stand-alone NB-IoT 200kHz channel bandwidth: 66dB

Decoding this:
BS noise floor is given by 
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ACS wanted signal (5MHz channel and above) = REFSENS + 6dB = -101.5+6 = -95.5dBm

Assuming a 1dB Eb/No requirement for demodulation PN+int = -96.5dBm

So acceptable interferer level is , 
[image: image9.wmf]dBm

P

Nt

N

P

P

7

.

97

10

10

log

*

10

10

10

log

*

10

10

5

.

102

10

5

.

96

10

10

10

10

int

int

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

-

-

+


Accepting a 0.4dB degradation in this level to -97.3dBm means an allowable contribution from the test equipment of:
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As the ACS interfere is at a level of -52dBm this represents and ALCR of -52-(-108)=56 dB

The generated interferer power level for the conducted measurement is -52dBm plus the loss of the combiners and attenuators means approx -40dBm form the signal generator. To obtain a 56dBm ACLR this is equivalent to a IP3 of approx
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In the OTA environment the ACS power needs to be calibrated to arrive at the AAS BS at -52dBm -ΔminSENS. 

ΔminSENS is defined as:

ΔminSENS = PREFSENS – EISminSENS (dB)

Where EISminSENS is the lowest declared MINsens value. Assuming an AAS BS with a EISminSENS of -122dBm then ΔminSENS is 20.5dBi.

An antenna with 20.5dBi gain is approx 10x4 elements is size, wit 0.5λ spacing the largest dimension is approx 5λ. So the far field distance is approx 
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So the FSPL is
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Also there will be some gain from the test antenna for example 9dBi.

So the interferer power needed from the conducted test system is:


-52 -20.5 +58.5 -9 = -23dBm

Considering the combiners and attenuators this means a level from the generator of approx -10dBm requiring am IP3 of approx:
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Considering typical CW for a signal generator can be 20dBm, it should be capable of an IP3 of 15dBm as this is lower than the max output power.
It would seem that a signal generator should be able to provide enough power for the interferer even in the OTA test environment.

The existing ACLR contribution of 0.4dB seems to be reasonable to use also for OTA.
2.4 Additional consideration of error due to noise floor considering the OTA path loss.
In the last section the power level of the interfering signal was considered along with its ACLR performance. For interference requirements where the noise floor of the interference signal is more of a concern than the adjacent channel

Looking at the power and noise levels through a similar link budget

	 
	Sig Gen
	attenuator
	combiner
	cable
	tx ant
	FSPL

	 Gain
	 
	-10
	-4
	-1
	9
	-58.5

	interferer
	-8
	-18
	-22
	-23
	-14
	-72.5

	noise
	-88
	-98
	-102
	-103
	-94
	-152.5


The interferer power is -53dBm-20.5 = -72.5dBm. The noise specification for the sign gen is -146dB/Hz, as there is no amplification in the chain the noise from the signal generator drops below the thermal noise floor (-107.5dBm) so will not negatively impact the measurement.

The OTA test set up makes no different to the impact of the noie on the measurement so the same value can be used for OTA as for conducted requirements.
3 Summary

The open issues highlighted in the WF have been studied, it shas been found that
The OTA chamber uncertainty should be added to the total conducted measurement uncertainty (option a)

An additional uncertainty of 0.1dB should be added to the OTA budget to account for the frequency differential calibration errors 

The OTA level budget shows that the interfere power requirements are higher than for conducted requirements but still within the capability of a signal generator – hence the existing ALCR uncertainty figure can be used for OTA also

The level budget also shows that noise from the interferer signal generation path will not impact the measurement accuracy – once again the existing conducted figure can be used.

So the OTA Rx direction MU can be calculated as:
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Where 
[image: image16.wmf]chamber
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is the MU of the existing EIS measurements with the signal generator contribution removed and 0.1dB added to cover the frequency variation in the calibration.
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