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1. Introduction

This contribution details the effects of modifying the spreading factor on peak-average ratios (PAR) of 3G signals.  In particular, its effects on the base station conformance test models are studied.

2. Test Models
The Base Station Conformance Test Document
 defines several test models to be used during downlink conformance testing of base stations.  These tests models define all relevant parameters of the composite test signal, including channelization codes used, code power, Toffsets, data structure and data content.

The test models strive to represent real-life operating conditions.  Designing equipment around worst-case signals (signals with very low probability of occurrence) would lead to an over-engineered solution that is both inefficient and not cost-effective.  If the test signals are overly optimistic, however, real-life operating performance may lag the specifications.

Previous contributions
 have discussed some of the rationale for choosing specific test model parameters.  Intuitively, high PAR leads to high peak code domain error and can be used as a measure of signal complexity.  It is seen that the following conditions increase signal complexity:

· use of sequential channelization codes

· increasing the number of active codes

· using the same spreading factor for all channels

· using the same Toffset for all channels

The conformance test models strike a balance between the extremes of unrealistically simple and worst-case signals.  They use random channelization codes; presumably operators and equipment manufacturers will implement code selection algorithms that utilize better code sets and avoid poorer code sets.  They use realistic traffic loading (16, 32, or 64 channels; depending on system capability).  They use the same spreading factor (SF=128) for all DPCH; and they use random Toffset.

The accompanying figure (Figure 1) compares the complementary cumulative distribution function (CCDF) of test model 3 with a similar signal (32 active codes at SF=128), but using sequential codes and no Toffset.  It is seen that test model 3 is 2-4 dB better than this deliberately worst-case signal.

The test models select a low and typical spreading factor of 128, but do not further consider the effects of spreading factor on PAR.  This contribution shows the somewhat counter-intuitive effect that increasing the spreading factor (i.e. lowering the data rate) increases PAR.
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3. Spreading Factor Effects

The effects of varying the spreading factor are most clearly seen in Figure 2.  Here we see the increase in PAR when 6 equal power sequential codes are used.  Plots of three spreading factors (32, 64, and 512) are shown.  PAR increases (at 1% probability from 7 dB (SF=32) to 9 dB (SF=512).

Next, we extended the analysis to test model 3.  In Figure 3 the red plot has the same channel distribution as test model 3.  In the two blue plots we replaced some of the dedicated channels with higher data rate (lower SF) channels, and see a decrease in PAR.  In the green plot we made each of the 32 dedicated channels a low data rate channel (SF=512).  We took each channel number in test model 3 and multiplied it by 4 in order to maintain the “distribution” of codes.  For example channel 125 on the red plot became channel 500 on the green plot.    PAR (at 1% probability increased from 7.4 dB (SF=128) to 8.6 dB (SF=512).

Figure 4 is a refinement of the same test model.  Here we incorporated relative powers and Toffset to match test model 3.  The same relationships are seen, but the effects are more modest.  Three spreading factors are shown:  128, 256, and 512.  At 1% probability, the PAR increase is only a few tenths of a dB.  At 0.1% probability, PAR increases by 0.4 dB; and at 0.01% probability, PAR increases by perhaps 1 dB.

Figure 5 plots the 16 channel case of test model 3.   The increase in PAR with SF is shown to be only a few tenths of a dB.
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Figure 2.
Channelization codes = 16, 17, 18, 19, 20, 21













T_offset = 0; P = 0 dB (for all channels)













Blue:
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Green: SF =64
(60 ksps);  Red: SF =512 (7.5 ksps )
Figure 3.  
T_offset = 0; P = 0 dB (for all channels)














Red:


SF =  128
Test model 3 channelization  (32 codes)














Blue:


30 channels at SF=128, 2 channels at SF=32




















31 channels at SF=128, 1 channels at SF=16














Green:
32 test model 3 channels (channel number x 4), SF = 512
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Figure 4.  
32 channels

T_offset = test model 3; P = test model 3













Red:


SF =  128  (test model 3 channels selected)














Blue:


SF =  256  (test model 3 channel number x 2)
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Green:
SF = 512   (test model 3 channel number x 4)

Figure 5.  
16 channels

T_offset = test model 3; P = test model 3













Red:


SF =  128  (test model 3 channels selected)














Blue:


SF =  256  (test model 3 channel number x 2)













Green:
SF = 512   (test model 3 channel number x 4)
4. Conclusion

In 3G signals, 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.  The higher the number of active codes, the larger the PAR increase.

When there is flexibility in creating test models, one should use lower data rate (higher spreading factor) signals when a more challenging signal is desired.  Also, when creating a ‘typical’ signal, we can err on the conservative side by using higher SF signals.

It is interesting to note that if operators use lower spreading factor signals (realising the corresponding loss in available codes) a lower PAR signal is generated.  Does this allow the amplifier to operate at a more efficient point  in regards to clipping?
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Figure � SEQ Figure \* ARABIC �1�.  Comparison of Test Model 3 and Worst-Case








� 3G TS 25.141 v3.0.0 Annex D


� TSG R4 (99) 51-08 “Further Work on the Downlink Test Model for 25.141”
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