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1. Introduction

At RAN4#11 Tektronix presented a contribution entitled “Spreading Factor Effects on Peak-Average Ratio”
.  In the ensuing discussion, Tektronix was asked to extend those simulations to show code domain effects, and also to include clipping.  This contribution presents the results of such simulations.

It is anticipated that simulation results such as these, in conjunction with BER and BLER simulations, will be useful in specifying the base station conformance test peak code domain error.  It may also aid network operators in specifying acceptable clipping levels for their power amplifiers.

2. Simulations
We used  Test Model 3 of the Base Station Conformance Test Document
 as the basis for our simulations.  Both traffic loadings (16 and 32 channel) were used.  

In each case, the complementary cumulative distribution function (CCDF) of the signal was generated.  A minimum of four clipping levels was used.  Clipping was set in terms of probability of signal samples exceeding a specified clipping level.  Probabilities were 0%, 0.1%, 1% and 10%.

A sample CCDF is shown in Figure 1.  The first (blue) plot shows Test Model 3 with 32 channels and no clipping.  The second (red) plot shows the same signal clipped at the 1% level, corresponding to a crest factor of 7.06 dB compared to 12.17 dB for the unclipped case.

Code Domain Power graphs were then generated.  The CDP corresponding to the signal in Figure 1 is shown in Figure 2.  Inactive codes were analyzed; and the highest power inactive code was reported as the peak code domain error.

Next, the test models were extended to include differing spreading factors.  All Test Model 3 signals are defined to use spreading factor 128 for the active channels.  We repeated the 32 channel test cases at a spreading factor of 256; and the 16 channel test cases at a spreading factor of 64.  We attempted to maintain the same “distribution” of channels by multiplying active channel numbers by the difference in spreading factor (e.g. multiply by 2 when going to SF=256 from SF=128).  The CDP corresponding to the test case discussed earlier (Test Model 3 with 32 channels and 1% clipping) modified to spreading factor 256 is shown in Figure 3.
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Figure 1.  CCDF of Test Model 3, 32 channels.  Clipping at 0 and 1% is shown.






Figure 2.  Code domain power of Test Model 3, 32 channels, 1% clipping, SF=128.
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Figure 3.  Code domain power of Test Model 3, 32 channels, 1% clipping, SF=128.

3. Code Domain Errors

The effects of varying the spreading factor are detailed in the following table.

Clip-ping
32 Codes
16 Codes


SF = 128
SF = 256
SF = 128
SF = 64


PCDE

(dB)
Crest (dB)
PCDE

(dB)
Crest (dB)
PCDE

(dB)
Crest (dB)
PCDE

(dB)
Crest (dB)

0%
-55.85
12.17
-56.48
12.35
-54.64
10.81
-52.74
10.57

0.1%
-54.19
8.98
-55.99
9.50
-54.08
8.60
-52.95
8.46

1%
-47.68
7.06
-52.02
7.33
-47.76
6.82
-48.11
6.84

2%
-44.38
6.32







3%
-42.50
5.83







10%
-36.83
4.19
-37.67
4.29
-37.55
4.14
-35.96
4.15

20%
-33.32
3.13







35%
-30.56
2.11
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These results are plotted in the following figures (Figures 4 and 5), where PCDE is graphed as a function of clipping percentage for the 32 and 16 channel test cases.

Figure 4.  PCDE as a function of Clipping Percentage for 32 channel cases.
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Figure 5.  PCDE as a function of Clipping Percentage for 16 channel cases.

These results are plotted in the following figures (Figures 6 and 7), where PCDE is graphed as a function of crest factor for the 32 and 16 channel test cases.
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Figure 6.  PCDE as a function of Crest Factor for 32 channel cases.

[image: image7.emf]0 5 10 15

-55

-50

-45

-40

-35

Crest Factor in dB

Peak Code Domain Error in dB

Test Model 3, No. of Codes = 16

SF=128

SF=64


Figure 6.  PCDE as a function of Crest Factor for 16 channel cases.

The 32 channel conformance test case has an unclipped crest factor of 12.17dB and a peak code domain error of –55.85 dB.  Clipping of 0.1%, 1% and 10% lowers the crest factor to 8.98, 7.06 and 4.19 dB; with corresponding peak code domain errors increasing to –54.19, –47.68 and –36.83 dB.  Increasing the spreading factor to 256 (lowering data rate) increased the crest factor to 12.35 dB and lowered peak code domain error to –56.48 dB.

4. The 16 channel conformance test case has an unclipped crest factor of 10.81dB and a peak code domain error of –54.64 dB.  Clipping of 0.1%, 1% and 10% lowers the crest factor to 8.60, 6.82 and 4.14 dB; with corresponding peak code domain errors increasing to –54.08, –47.76 and –37.55 dB.  Decreasing the spreading factor (increasing data rate) decreased the crest factor to 10.57 dB and raised peak code domain error to –52.74 dB.

5. Conclusion

This contribution discusses the effects clipping has on peak code domain error and crest factor.  Results for differing spreading factors are also included.

By definition, clipping lowers the crest factor of the clipped signal.  Naturally, this distortion increases the resultant errors, and peak code domain errors are quantified here.

Additionally, as shown previously in contribution R4(00)0220, PAR increases as the spreading factor increases (with other parameters held constant).  Presumably, the higher spreading factor means less repetitive codes per time period, a higher probability of sequential 1’s and 0’s and a correspondingly higher PAR.  This contribution shows that increasing the spreading factor has the additional effect of lowering the peak code domain error (by spreading errors over additional codes). 
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