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1 Introduction
In the last meeting measurements of signal close to the noise floor were discussed and the WF [1] was approved. In the WF a list of uncertainty contributors were listed with a view to finalizing the MU budget in this meeting. 
The method for measuring close to the noise floor involve measuring the noise rise of the measurement equipment when the AAS BS is in its OFF state. This measurement of noise requires averaging in the measurement equipment and is hence not so suitable for transient measurement.

In addition the ON power for the transient measurement is not defined as a level out of the co-location reference antenna, so the starting point for the transient is also not clear

This paper discusses these issues and how a transient test can be achieved. 

2 Discussion

2.1 Background

The TX ON/OFF transient requirement is as follows:


[image: image1.emf] 

The  power   level   at co - location reference antenna   co nducted   output  

Time  

Transmitter ON period   (DL Timeslots and DwPTS)  

Transmitter OFF  period   Transmitter OFF  period  

Transmitter transient  period  

OFF power level    

ON power level   (Informative)  

  UL Timeslots     GP and UpPTS  


The minimum requirements for MSR AAS BS OTA transmitter transient period shall be shorter than the values in table 9.5.3.4-1.
Table 9.5.3.4-1: Minimum requirements for the transmitter transient period
	Transition
	Transient period length [us]

	OFF to ON
	17

	ON to OFF
	17


The requirement is time, however the conducted conformance test however does not test the time directly but tests that after the required time period the TX OFF level is reached. Hence the measurement measures birth the OFF level and the transient at the same time.

A number of things to note are:

· The ON power level is informative, it does not form part of the requirement, the timing is specified from the  DL timeslot and DwPTS

· The test system must be able to handle the dynamic range between the ON power and the OFF power level, typically 43dBm – 85dBm = 128dBc

· As the measured parameter is Tx OFF power (not time) the MU is the same as the TX OFF power MU in dB.

2.2 OTA

The OTA requirement is similar but it is based on the output power from the co-location reference antenna. As such the power level is lower (by the coupling minus the scaling factor) and much closer to the noise floor.

Measuring the lower power level using the noise rise method and the associated MU has been discussed in [2].

2.2.1 ON power

The ON power level for the OTA requirement is not clearly defined, there are 2 ON power requirements EIRP and TRP, neither of these are referenced in the co-location reference antenna. This leaves the following options:

1. Measure ON and OFF power at different interfaces, somehow combine to measure the TX ON/OFF transient 

2. Measure ON and OFF power in CLTA, translate max TRP to a equivalent level at CLTA output – use this for the ON power reference

3. Measure ON and OFF power in chamber test antenna, translate OFF power to equivalent level at test antenna output.

The purpose of the co-location requirements was to avoid the low power levels for the OFF power level at the chamber test antenna and also to avoid estimating both OFF power antenna gain and co-location coupling. Option 3 therefore is no suitable.

Option 1 is perhaps possible as ON signal at the chamber test antenna is a high level so could be re-routed to the test equipment at the output of the co-location test antenna, however it would be very difficult to calibrate and require new methods to recombine the signals so a transient to be measured.

Option 2 is the best solution, Tx ON power (either TRP or EIRP) is measured to ensure that the TX is transmitting anyway – so it is simple to measure at the CLTA output at the same time to get an equivalent ON power at the CLTA output. This can then be used when measuring the transient.

It can also be noted that the difference between the ON power and the OFF power is the same as for the conducted measurement as the ON signal will suffer the same loss between the AAS BS antenna and the CLTA as the OFF signal so the delta will remain the same as the conducted requirement. Dynamic range therefore is no more of a problem than fo r the conducted measurement.

Proposal 1: ON power level is the ON power level in the CLTA conducted output.

2.2.2 OFF power

TX OFF level :  the noise rise method being discussed for measuring TX OFF power will need averaging of the measured power levels to achieve the accuracy, this averaging is not so consistent with measuring a transient. However for the transient measurement it is probably ok to use the noise floor of the measurement equipment directly rather than the de-embedded noise floor that we use for measuring the TX OFF level accurately. 

Using the diagram in the TR
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We could use the level Ntot as the TX OFF level for the transient rather than the de-embedded PUEM we use for the more accurate TX OFF level measurement.

So for example if the noise figure of the measurement system is calibrated to 4dB and the OFF level requirement is -106dBm, then
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If less averaging is used then it would be expected that the accuracy of the measurement will be degraded, so the measurement accuracy of the measurement equipment will be degraded.

A reasonable accuracy to assume for this OFF level would be the conducted accuracy (minus the mismatch uncertainty), this is 

2.0dB,
 f≤3GHz

2.5dB,

3<f≤4.2GHz

3.0dB,

4.2<f≤6GHz

These values are for 95% confidence; a 1 sigma value assuming 0.2dB mismatch uncertainty is removed gives:

1.0
dB,
 
f≤3GHz

1.26 dB,

3<f≤4.2GHz

1.52 dB,

4.2<f≤6GHz

Proposal 2: Use the above figures for  accuracy for the TX ON/OFF transient measurement.

2.3 MU budget

Using the values proposed the MU budget for the ON/OFF transient is as follows:
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]

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

	Stage 2: DUT measurement

	 
	Front to back Positioning misalignment between the AAS BS and the CLTA
	1.53
	1.53
	Gaussian
	1
	1
	1.53
	1.53

	 
	Vertical Positioning misalignment between the AAS BS and the CLTA
	0.5
	0.5
	Gaussian
	1
	1
	0.5
	0.5

	2
	Polarization mismatch between the AAS BS and the receiving antenna
	0.09
	0.09
	Rectangular
	√3
	1
	0.05
	0.05

	7a
	CLTA vertical beam width variation
	0.77
	0.77
	Gaussian
	1
	1
	0.77
	0.77

	7b
	CLTA horizontal beam width variation
	0.38
	0.38
	Gaussian
	1
	1
	0.38
	0.38

	 
	Antenna separation variation
	0.46
	0.46
	Gaussian
	1
	1
	0.46
	0.46

	3
	Gain variation in LNA
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	x
	Measurement receiver accuracy (based on conducted measurement)
	1
	1.26
	Gaussian
	1
	1
	1
	1.26

	5
	Impedance mismatch in the receiving chain
	0.2
	0.3
	U-shaped
	√2
	1
	0.1
	0.23

	6
	Random uncertainty
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	8
	Gain variation in measurement amplifier
	0.25
	0.25
	Gaussian 
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	10
	Noise figure measurement accuracy
	0.2
	0.2
	Gaussian
	1
	1
	0.2
	0.2

	Combined standard uncertainty (1σ) [dB]
	2.17
	2.31

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	4.26
	4.53


3 Summary

The measurement method and uncertainties for the TX OFF level measurement have all been investigated and the following MU is propped.
TX OFF level MU = 4.3dB ,
f≤3GHz

TX OFF level MU = 4.5dB ,
3<f≤4.2GHz
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