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The following proposals are an attempt to complete the unfinished work of TEM #03 with regard t BTS Test System uncertainties.
Test Equipment and Test System Requirements for BTS Conformance Tests 

The definition of critical in this document means the test equipment uncertainty is critical to the overall test system uncertainty. In cases where system calibration can reduce or remove the effect of an individual equipment parameter, that parameter is deemed non-critical. This has nothing to do with how critical the actual test is to overall network performance. See Tdoc R4T000038 for more details. For items marked as non-critical, the Test Equipment column will typically not be filled in. The figures in the Equipment accuracy column will be transferred to a new annex in 25.141. The System accuracy column will replace the current contents of section 4.1 “Acceptable accuracy of measurement equipment” which will be subsequently re-named as “Acceptable uncertainty of Test System”.

Outstanding issues are noted as bullet points in the comments column.
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6.2.1 Maximum Output Power
Y
Y
2 dB of rated power
0.5] dB
Not applicable
N
0.7 dB
30 to >43 dBm
VSWR effects between test system and DUT are not included.

6.2.2 CPICH Power accuracy


N
N
2.1 dB
0.8] dB
Not applicable
N
1.0 dB
CPICH is10dB below P_Max
VSWR effects between test system and DUT are not included. Sum of absolute plus relative errors. CDP measurement Test Model 2

6.4.2 Power control steps
N
N
For 1 dB nominal step:

+0.5 /+1.5 dB (up)

 or –0.5 / -1.5 dB (down)

For 10 1 dB nominal step:

+8 /+12 dB (up)

 or –8 / -12 dB (down)
0.3] dB

0.5] dB for 10 1 dB steps
0.1] dB

0.1] dB for ten 1 dB steps
Y
0.1] dB

0.1] dB for ten 1 dB steps
P_Max – 3 dB to below

P_Max – 28 dB

Result is difference between two absolute CDP measurements on the power controlled DPCH. Assume BTS output power on all other channels is constant. Assume Test equipment relative power accuracy over the range of the test conditions is perfect, or otherwise included in the system measurement error. For this test the absolute power change is < 3 dB.

· Is there impact from poor signal EVM?

· Assume same error for 0.5 and 2 dB step sizes?

· How should SCH be handled?

6.4.3 Power dynamic range
N
N
>=P_Max – 3 dB to

P_Max – 28 dB
0.8] dB absolute

0.5] dB for 25 dB
0.1] dB

0.1] dB for ten 1 dB steps
Y
0.1] dB

0.1] dB for ten 1 dB steps
>=P_Max – 3 dB to

P_Max – 28 dB
· Measure absolute CDP at P_Max–3, drop to P_Max–28, re-measure with no other code changes, check answer is > -25.

· Is there impact from poor signal EVM?

· How should SCH be handled?

6.4.4 Total power dynamic range


N
N
P_Max – P_Min > 18 dB
0.5] dB absolute

0.3] dB for 18 dB
0.3] dB relative error over 18 dB
Y
1.0] dB
P_Max to P_Min
This was filled in after the meeting by the Chairman. Copy 6.2.1 for first meas, then assume (critical) relative equipment accuracy over 18 dB of 0.3 dB. Otherwise, the answer would have to be double 6.2.1. being the difference between two absolute measurements.

6.5.1 Occupied Bandwidth
Y
N
< 5 MHz
[ ]kHz
100 kHz
Y
100 kHz
For results between 4 and 6 MHz?
· Accuracy = 3*RBW. Assume 30 kHz bandwidth.

· Analyze OBW of borderline ACLR to see how close to 5 MHz.

6.5.2.1 Spectrum emission mask 
N
Y
See tables 6.11/12/13/14
2.5 MHz  f  < 2.7 MHz  ± [1.5] dB

2.7 MHz  f  < 3.5 MHz  ± [1.5] dB

3.5 MHz  f  < 7.5 MHz  ± [1.5] dB

7.5 MHz  f  < 12.5 MHz  ± [1.5] dB
Not applicable
N
1.5 dB everywhere.


P_Max

Accuracy applies dB either side of BS requirements
General purpose measurement for use at the edge of the IMT-2000 band where ACLR does not apply

· Current freq ranges are wrong, missing 3.5 to 4  MHz range

· To get the necessary carrier rejection probably need to use narrower bandwidth than 1 MHz at offsets >4 MHz. Makes R4-000705 essential rather than optional.

· Need to investigate effect of stepping the <50 kHz meas filter across an unknown signal – ripple effect filter hard to quantify.

6.5.2.2 ACLR


Y
N
At 5 MHz > 45 dB

At 10 MHz > 50 dB
 dB
z offset  dB

z offset  dB


Y
z offset  dB

z offset  dB
P_Max at 5 MHz offset: for results between 40 dB and 50 dB.

P_Max at 10 MHz offset: for results between 45 dB and 55 dB.


Using an alternative RX filter than the one specified is OK if overall uncertainty is still inside spec. Dynamic range must allow for crest factor.

· Impact of BTS ACLR on system capacity is less important than ACS performance for the UE. ACLR at –45 compared to selectivity at –33.

· Meas period and averaging is under discussion at RAN 4 – likely to specify average of some number of slots.

· It is possible that non-linear effects in the receiver may make the accuracy a function of the input signals own non-linearity. Do these add as noise or voltage? If the latter, then the uncertainty is increased. Proper verification will confirm this.

6.5.3 Spurious emissions
Y
Y
See table 6.16 to 6.26 or graphical version in R4T000042.
2.0] dB for BS and coexistence bands

Outside above:

f2.2GHz : ± 1.5 dB

2.2 GHz < f  4 GHz :

± 2.0 dB

f > 4 GHz : ±4.0 dB
Not applicable
N
2.0 dB for BS and coexistnece bands for results > -60 dBm

3.0 dB for results  < -60 dBm

---------------

Outside above:

f2.2GHz : ± 1.5 dB

2.2 GHz < f  4 GHz :

± 2.0 dB

f > 4 GHz : ±4.0 dB
P_Max
This accuracy spec excludes the effect of a notch filter, any implementation should calibrate this out 

· Clause number wrong ref to 6.5.3.7



6.6 Transmit intermodulation (interferer requirements)


Y
Y
DNA
Interference signal power relative the carrier power

± [1.0] dB relative

Not applicable
N
meas error same as 6.5.2.1 and 6.5.3 plus effect of
Interference signal power relative the carrier power

± [1.0] dB
For spectrum mask:

± [2.5] dB

For spurious 
2.82 dB for BS and coexistnece bands for results > -60 dBm

3.6 dB for results  < -60 dBm

---------------

Outside above:

f2.2GHz : ± 2.5 dB

2.2 GHz < f  4 GHz :

± 2.82 dB

f > 4 GHz : ±4.47 dB

Setting level:

Interference signal power 

-30dBc
The measurements for this test are done by repeating section 6.5.2.1 and 6.5.3 using the same limits for test equipment accuracy.

The ability to set the relative level of the interferer involves the interaction of several pieces of equipment and several measurements. It is therefore not realistic to specify the accuracy of a signal generator, as this will not be the dominating factor in the ability to set the correct level. The figure of ± [1.0] dB is realistic from a system point of view. Note that a change of 1 dB in the interfere will result in a change of 2 dB in the intemodulation products, so the level should be set carefully.

· 6.6.4.2 step 2 ref  to 6.2 should say table 6.2
· May need to relax accuracy for BS receive band <-60 dBm to +4/-3 dB as the test signal may interfere with the result at –98 dBm
Overall formula: 
System uncertainty = SQRT(meas_error2 + (2*interferer_level_error)2)
 Where meas_error is the Test System error for spectrum emission mask (6.5.2.1) or spurious emission (6.5.3).

(Decided not to relax the interfere level since it is uncorrelated to the measurement error and would have relaxed the test too much.

6.7.1 Frequency error
Y
N?
ppm (100 Hz)
± [10]Hz
± 10 Hz + timebase = [12] Hz
Y
± 10 Hz + [timebase] = ± [12] Hz
Range 0 to 500 Hz. (This is to allow for UE range that at 0.1 PPM is larger than BTS.)
Absolute measurement – no timebase connection to the BTS. Measurement period is 1 slot

Assume Rubidium Timebase 1x10-9 (R&S) adds 2 Hz error.

6.7.2 EVM


N
N
17.5 %
± [2.5]% RMS
2.5 % 

(for single code)
Y
2.5 % 

(for single code)
P_Max –3 to P_Max – 18 dB?

Applies for reading from 10% to 25%.
Current test assumes one code only.

6.7.3 Peak code Domain error


N
N
-33 dB @ SF 256
±[]dB
±[1.0]dB
Y
±[1.0]dB
For readings between -28 dB to –38 dB.
A good result proves signal and measurement are good. A bad result is not so clear where the fault may lie due t the non-linearity of the problem.

1. Possible measurement error mechnisms:

2. CDP noise floor under optimal (single code) conditions

3. Effect of non-linear receiver on single and multiple code combinations

4. Effect of coherent receiver spurs causing code spurs due to loss of orthogonality.

5. Effect of receiver phase noise and chip clock jitter

· Verification is essential for this new meausrement.
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For all receiver tests, the BER/BLER accuracy is defined separately by statistical methods. Only the source accuracy is considered here. The ”wanted” signal’s quality is assumed to pass BTS mod accuracy specs.

7.2 Reference sensitivity level
N
N
-121 dBm
Single 12.2 RMC

± [0.8] dB
Not applicable
N
± [0.7] dB 
· -121 dBm code power
· Verification could be an issue especially below –100 dBm

7.3 Dynamic range


N
N
-91 dBm (signal)

-73 dBm/3.84 MHz (AWGN)
Single 12.2 RMC
Not applicable
N
± [0.7]dB (Signal)

± [1]dB (AWGN)
Overall system accuracy:

± [1.22]dB 


· 
· AWGN specs are lacking in 25.141. Ccdf, freq flatness, other? Assume > 10 dB peak to average ratio at 0.01%?

Overall formula:

RSS of signal level error and AWGN level error

7.4 Adjacent channel selectivity


N
Y
-115 dBm (signal)

-52 dBm (W-CDMA interferer)

-115 + 63 dB
± [ ] dB (Signal)

± [0.8] dB (interferer relative)

ACLR of source needs to be considered.
Not applicable
N
Using ± 0.7 dB for signal and interferer and 63 dB ACLR.

± 1.06 dB overall system uncertainty. 

See comments for formula.

1. The overall system uncertainty comprises three quantities:

2. Wanted signal level error

3. Interferer signal level error

4. 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. For now assume this ratio error is linearly added to the interferer ACLR.  More complex adding may be possible if someone can analyze it. Given that the ACLR effect is much smaller than the ratio error, this is probably not an important point. Therefore the formula for calculating the test system uncertainty is:

· ± 0.7 dB used here for interferer, is this OK?

Test System uncertainty = 

SQRT ( wanted_level_error2 + interferer_level_error2) + ACLR effect.

The ACLR effect is calculated by:

(Formula to follow)

(E.g. ACLR at 5 MHz of 63 dB gives additional error of .0765 dB. ACLR of 60 gives error of –0.15 dB.)

-115 dBm (wanted) is 6 dB above reference sensitivity.
Note that thermal noise according to the laws of physics in 4 MHz BW is –108 dBm, so measuring the wanted signal is difficult. Accuracy will be based on calculation. For BTS assume –103 dBm receiver noise floor and –99 dBm for UE)

7.5 Blocking characteristics


N
Y
-115 dBm (signal)

interferer  See table 7.4a / 7.4b
Signal : ± [0.8] dB

Interferer

f   2.2 GHz: ± 0.7 dB

2.2 GHz < f  4 GHz : ±1.5 dB

f > 4 GHz: ±3.0 dB
Not applicable

N

Using ± 0.7 dB for signal and interferer as currently defined, and 68 dB ACLR @ 10 MHz.
Overall system error with fb <15 MHz offset:
± 1.36 dB 
fb >= 15 MHz offset and fb    2.2 GHz: ± 0.99 dB 
2.2 GHz < f  4 GHz : ±1.66 dB

f > 4 GHz: ±3.08 dB


Similar issues to 7.4 ACS test. Source ACLR at 10 MHz of 75 dB gives error of .0765 dB. ACLR of 72 dB gives error of 0.15 dB. ACLR of 68 dB (10.5 dB margin to wanted signal) and 0.37 dB additional error.
Put in formula.
Test System uncertainty = 

SQRT ( wanted_level_error2 + interferer_level_error2) + ACLR effect.
Noise and spurs and harmonics of the interferer must be minimised. Probably done using test system filter, which introduces new errors to be calibrated out. With processing gain of 17.3 dB, noise at –96.7 dB contributes .0765 dB error.

· ACLR issue does not need to be considered for the CW signal. However, with 100 dB difference, does phase noise or other spectral purity have to be considered. Thermal noise floor is –108 dBm.

7.6 Intermod Characteristics


N
N
-115 dBm (signal)

Interferer1:

10 MHz offset CW

-48 dBm

Interferer2:

20 MHz offset W-CDMA Modulated -48 dBm
±[0.8] dB (Signal)

±[0.7] dB (interferers)
Not applicable

N

Assume 0.7] dB for all signals. Overall uncertaint = 0.75] dB 


Similar issues to 7.4 ACS test. ACLR etc. should  be considered for interfere2, but at 20 MHz is unlikely to be a problem

ETR028 (ETR 273 6.5.5.1) says impact of the closer signal is twice that of the far signal. If both signals drop 1 dB, intermod product drops 3 dB. Dependency functions are:

CW = 2/3

Modulated = 1/3

Wanted = 1/3
Test System uncertainty = 

SQRT ( (0.66* CW_level_error)2 + (0.33 * modulated_level_error)2) + 0.33* wanted_signal_error
Above assumes linear relationship between carrir to noise and impact on receiver.

7.7 Spurious Emissions


Y
Y
See 7.7.2
Emission power:

f   2.2 GHz   ± 1.5 dB

2.2 GHz < f  4 GHz   ± 2.0 dB 

f > 4 GHz  ± 4.0 dB
Not applicable
N
3.0] dB for BS receive band (-78 dBm)

---------------

Outside above:

f2.2GHz : ± [2.0] dB (-57 dBm)

2.2 GHz < f  4 GHz :

± [2.0] dB (-47 dBm)

f > 4 GHz : ±[4.0] dB (-47 dBm)

Same as for GSM.

