ANSI C63.19 Working Group
Summary of

RF Audio Interference Level Round Robin Tests
Compiled by Stephen Julstrom – June 30, 2010

Four labs completed measurements on six or seven phones, comparing the results obtained with the 2007 version of the standard’s RF emissions measurement method to the proposed RF Audio Interference Level method (indirect, slow probe/MIF method).  The fourth of the labs could not complete tests according to the proposed method, due to MIF measurement difficulties, but did complete many RF scans, whose data is included.  The labs participating were: RIM, PCTest, Samsung, and SPEAG.  Grateful appreciation is extended to all those who dedicated time and energy to their round robin contributions.
The phones tested were:
Phone 1: GSM, WCDMA

Phone 2: GSM, CDMA

Phone 3: iDEN (two low-band frequencies; one lab only)

Phone 4: GSM, WCDMA (open and closed)
Phone 5: CDMA

Phone 6: CDMA

Phone 7: GSM, WCDMA

All MIF measurements were performed with same hardware-implemented test interface (characterized more fully in Addendum 2, below).  All phones except the iDEN phone were tested at both low and high bands, generally three frequencies per band for each protocol.  The CDMA phones were tested in both 1/8th-rate and full-rate modes of operation.  Specific, common setups were intended to be applied to the phones at common frequencies.
The first two tables following are the same as presented in the interim report of March 26, 2010.  The third table following is changed slightly, due to corrections of some mistaken category rating levels in the master spreadsheet, as pointed out by SPEAG.
1) MIF Measurement Consistency

The following table shows the min/max range and standard deviation of the individual Modulation Interference Factor (MIF) measurements, while the graph plots the measured MIF values in ascending order.  (As much as possible, individual measurements are counted only once, even though they may have been applied in multiple places in the data reporting.)

Consistency of Individual MIF Measurements

	
	GSM
	1/8-rate CDMA
	iDEN
	Full-rate CDMA
	WCDMA
	WCDMA

w/o outliers

	Max-Min (dB)
	0.28
	0.14
	0.07
	1.70
	11.60
	1.90

	Std. Dev. (dB)
	0.10
	0.04
	0.05
	0.39
	3.24
	0.59
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(There are only two MIF measurements from one lab for the iDEN phone, but it is still included here.)  The consistency of the MIF measurements is excellent, with the exception of WCDMA.  It should be expected that full-rate CDMA and the WDMA protocol tested would have a slightly larger dB deviation, since the actual MIF dB numbers are large in magnitude (very negative, indicating low interference potential).  The WCDMA range is excessive, though.  This can be attributed to two sets of measurements that deviated significantly from the rest.  Five measurements from one lab on one phone were much lower than the rest, while six measurements on three phones from another lab were much higher than the rest.  The last column in the table has these eliminated, showing good consistency among the remaining measurements.  This issue bears looking into, but it may be presumed for the moment that there was some difference in phone setup or actual stimulated operation.
2) dB Change Relative to Rating Tables
M-ratings were calculated based on the same slow-probe phone scans for both methods, so shifts result from the combined effect of the Probe Modulation Factor (PMF), which gives the peak power relative to the scan results (2007 method) and the MIF, which gives the RF Audio Interference Level relative to the scan results (draft method).

Consistency of dB Change Relative to Rating Tables

	
	GSM
	1/8-rate CDMA
	iDEN (2)
	Full-rate CDMA
	WCDMA
	WCDMA

w/o outliers

	Max-Min (dB)
	0.40
	0.76
	0.78
	2.41
	12.03
	2.56

	Std. Dev. (dB)
	0.09
	0.23
	0.55
	0.55
	3.35
	0.66
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The table shows slightly greater deviations than the MIF table, since it results from the combined inconsistencies of the MIF and the PMF measurements.  Consistency is still very good, though, with the exception of the WCDMA outliers.
3) Category Shifts

The phone M-ratings from the new method stayed the same or showed some improvement in comparison to the present method.  Specifically, taking each phone/frequency/protocol/lab combination as an individual rating:
Individual Data Point Rating Category Shifts
	
	GSM
	1/8-rate CDMA
	iDEN (2)
	Full-rate CDMA
	WCDMA

	Stays M2
	1
	
	
	
	

	Stays M3
	27
	
	
	
	

	Stays M4
	19
	48
	1
	48
	72

	M2 ( M3
	5
	
	
	
	

	M3 ( M4
	38
	
	5
	
	


The large negative MIFs for full-rate CDMA and the WCDMA protocol tested resulted in meeting the M4 rating by much larger margins with the new method.  The remaining more interfering modulations showed minor shifts, with GSM showing the expected couple of dB of relaxation that was purposely entered into the new M-rating tables.  This resulted in almost half the GSM ratings shifting up a category.  1/8th rate CDMA was the only tested protocol to be penalized by the proposed method, and that by only an average of 0.4 dB, which was not enough to shift any measurement out of the M4 category.
4) Conclusion

Overall, the results have been very consistent among the labs and have been as expected, except for a portion of the WCDMA MIF measurements.  Some further investigation is needed to discover the source of the WCDMA discrepancies.
The new procedure according to the employed indirect method does not differ greatly in practice from the present procedure, essentially consisting of replacing the PMF evaluation by an MIF evaluation.  None of the tested protocols are significantly disadvantaged by the new proposal, and modulations with low interference potential are recognized for this characteristic.
Addendum 1) Emissions Scanning Consistency

A total of 90 phone/frequency/protocol combinations were scanned by 2, 3, or 4 labs.  (The iDEN phone was scanned by only one lab.)  The consistency in the results among labs was generally very good.  This can be illustrated by calculating the deviation for each scanning result from the average of the labs for that measurement.  The basic statistics of all of these calculations are presented in the following table.  The data was initially separated into low and high band scans, but a visual perusal revealed no significant differences between the groups, so the data was combined for the table.
Deviation from the Mean of Individual RF Scanning Measurements (dB)
	
	GSM
	1/8-rate CDMA
	Full-rate CDMA
	WCDMA

	Max-Min (dB)
	3.88
	3.63
	2.53
	3.29

	Std. Dev. (dB)
	0.89
	0.80
	0.56
	0.88


(A single phone/frequency/protocol scan from one lab was evidently off by 6 dB and was not included in the above statistics.)

Addendum 2)  RF Audio Interference Level Test Interface V2.0 Validation Measurements
May 28, 2010

Test equipment:

HP 4432B 3GHz RF signal generator

HP 436B RF power meters

5 ft. connecting cable/adaptor from generator to Test Interface RF Input

Agilent 34401A 6½ digit multimeter

monitoring oscilloscope

Unless otherwise stated, the measurements were made on a second Test Interface, not the Round Robin unit.

RF Frequency Response:

The first graph plots the RF frequency response of the square law detector through a 5 ft. connecting cable.  The apparent resonant effect around 3 GHz does not appear to affect the square law detection characteristics.
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Sine Wave Modulation Response:

The next graph plots the measured MIF over a range of input levels for the example sine wave modulations of the draft standard.  In general, the measured MIFs are about 0.1 dB below expectation.  At low levels near the weighting output under-range indication, the measurements drift down about 0.2 to 0.3 dB from the higher level values.  The low level dynamic range limitation with these modulations always comes from low levels at the weighting output.
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The theoretical MIF for a 1 kHz, 80% AM signal is -1.206 dB.  The next graph compares measurements to this value on a greatly expanded vertical scale.  The test device of the previous and subsequent graphs is called unit 2.  Unit 1 is the Round Robin box, as tested by Tom Knipple at Motorola after returning from round robin testing.  Unit 0 is a corrected first generation box, also tested by Tom last year.  All measurements are very close, but both test boxes show the 0.2 to 0.3 dB decline in value at the bottom of the dynamic range.
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Pulse Modulation Response:

The final graph plots the measured MIF over a range of input levels for the example pulse modulations of the draft standard.  A similar 0.2 to 0.4 dB drift off of MIF value is observed at the bottom of the dynamic range, now usually limited by the slow detector output level, not the weighting output level.  The largest error is a 0.5 dB under-measurement of the expected +10.1 dB MIF for the 0.1 msec, 100 Hz repetition rate pulse modulation.  This extreme short duration, 1% duty cycle pulse places difficult requirements on the temporal weighting circuitry.  It is unlikely that such a waveform will ever be encountered in practice.
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