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Abstract:

In this paper, we present peak-to-average ratio analysis for HSDPA signal as specified by [1]. Simulation results show that the OCNS channel definitions in [1] cause higher peak-to-average ratio to the transmitted signal, and thus are not ideal for testing transmitter linearity. To reduce the peak-to-average ratio for linearity testing, we propose to give the OCNS channels different time offsets and spread the OCNS channel codes more evenly over the code space.  Moreover, we propose to modify the rule as specified by [3] to facilitate channel code allocation that would spread the codes for a given HSDPA channel more evenly in the code space.

1.
Introduction:

An HSDPA signal generator was implemented and run with 4 different cases of the fixed reference channels as specified by [1]. It was also run with a standard UMTS test case signal (Test Model 1 with 16 DPCH channels as specified in [2]) for comparison. The following describe some results that have been obtained with these 5 cases.

The cases are:

Case




HS_3.6 –13dB


HS_3.6 –1dB


HS_1.2 –13dB


HS_1.2 –1dB

TM-1 (16 DPCH)


2.
Simulation results and discussions:

The following are Code Domain Plots for HSDPA 3.6 Mbps at –13 and –1 dB and for TM-1 as measured by a CDMA Signal Analyzer.
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Figure 1. Code Domain Power of HSDPA 3.6 Mbps at –13 dB
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Figure 2. Code Domain Power of HSDPA 3.6 Mbps at –1 dB
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Figure 3. Code Domain Power of TM-1 (16 channels)

Figures 1 and 2 show the active code channels in the HSDPA signals. These figures were used to check that the channels produced by the signal generator were correct. The CDP plots are generated at SF = 256 and have to be interpreted by OVSF conversions for those channels that have SF other than 256. Channels 0, 1, and 16 are control channels. Channels 2 through 13 represent the six SF=128 OCNS channels. Channels 32 through 95 represent the four SF=16 channels onto which the HSDPA data are spread. These four SF=16 channels are adjacent channels as specified in [3]. In these two plots it is easy to see how the relative power of OCNS and HSDPA changes when HSDPA changes from –13 dB to –1 dB.

The active code channels in TM-1 are spread more evenly over the 256 code space and much less of the available code space is active than in the HSDPA cases. 

Figures 4 and 5 show amplitude versus time for the 1.2 Mbps channel. In both cases the channel powers are adjusted according to the fixed channel specifications in the regions where the HSDPA channel is active. The intermittent nature of the 1.2 Mbps channel is clear in Figure 4 at –1 dB. However, when the channel power is set to –13 dB (Figure 5) the intermittent HSDPA channels are covered by the OCNS channels and the overall waveform appears to be continuous.
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Figure 4. Magnitude versus time for HSDPA 1.2 Mbps at –1 dB
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Figure 5. Magnitude versus time for HSDPA 1.2 Mbps at –13 dB

Figures 6 and 7 show amplitude versus time for the 3.6 Mbps channel. The 3.6 Mbps channel is not intermittent. When the HSDPA channel power is set to –1 dB, the signal is dominated by the HSDPA modulation. At –13 dB it is dominated by the OCNS channels. The difference is not strikingly apparent in these plots.
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Figure 6. Magnitude versus time for HSDPA 3.6 Mbps at –1 dB
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Figure 7. Magnitude versus time for HSDPA 3.6 Mbps at –13 dB

For these tests a Complementary Cumulative Distribution Function (CCDF) was calculated. The calculation was run on the 4 HSDPA cases plus the standard UMTS test signal for Test Model 1 with 16 DPCH channels. Figure 8 shows the CCDF results that were obtained with these 4 cases.

The legend for this plot is:

Case

line type
TM-1(16)
.........
HS_3.6 -13
xxxxx

HS_3.6 -1
*******

HS_1.2 -13
ooooo

HS_1.2 -1
++++
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Figure 8. CCDF (Peak to Average) comparison curves for 5 cases as defined by [1] and [2].

The plot shows how HSDPA affects the Peak to Average values.

The case that gives the highest P/A is HS 1.2 Mbps at –1 dB. The HSDPA signal at -1 dB dominates the waveform. In the 1.2 Mbps case, the duty cycle of the HSDPA channel is 33% (i.e. inter-TTI distance = 3). This pulsing of the HSDPA component results in a high measured P/A. If the P/A for this configuration were measured only in the high amplitude, HSDPA dominated region, the values would be essentially the same as for the HS 3.6 –1 dB case.  

The two -13 dB HSDPA cases give intermediate P/A curves that are almost identical. The reason they are identical is that when HSDPA is set to -13 dB, the OCNS channels dominate. The OCNS channels are the same for these cases.

Since the OCNS channels are similar in definition to the TM-1 DPCH channels one might expect these cases to be more similar to TM-1. We will show that the reason these cases have high P/A values relative to TM-1 is that the OCNS time offsets and code settings have not been chosen to reduce transmitter P/A as they were for TM-1. 

The case that gives the most similar CCDF curve to the TM-1 case is HS 3.6 Mbps at –1 dB. We believe that the similarity is a coincidence. At –1dB the HS 3.6 signal is dominated by the 16-QAM HSDPA channels. The TM-1 case is QPSK. If these signals were not CDMA composites, one would expect the 16-QAM signal to have higher P/A than the QPSK signal. In a CDMA composite, however, factors such as time offsets and code selection have a stronger effect on P/A than the 16-QAM – QPSK dichotomy.

These reference channel definitions may be adequate for testing FER versus SNR, but they are not ideal for testing transmitter linearity. For linearity testing we recommend that the signals be adjusted to reduce P/A. The first adjustment would be to give the OCNS channels different time offsets. Without different offsets the pilot control bits in those channels align and add constructively. This results in higher peak to average ratios than necessary. A second adjustment would be to spread the OCNS channel code values more evenly over the code space. A third adjustment could be to modify the rule defined in [3] that dictates that the HSDPA code definitions for a given channel be adjacent. It would be equally simple to define a rule for automatically choosing the channels that would separate the codes in SF-16 space.

To illustrate the effect of time offsets and code number spacing we have run a series of simulations in which we have progressively added these adjustments. Figures 9 and 10 summarize the results of these simulations. In these figures, all P/A values are defined at the 0.001 CCDF level.
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Figure 9. Peak-to-Average values for OCNS Dominated Signals, pre and post filtered
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Figure 10. Peak-to-Average values for HSDPA Dominated Signals, pre and post filtered

In these graphs three cases are compared on the horizontal axis. The first case, called Standard, is run with no offsets to OCNS and channels as defined in [1]. The second case apples offsets to the OCNS channels. For purposes of these tests the offsets were [0 1 2 3 4 5] symbols. The third case applies spacing to both the HSDPA and OCNS channels. The HSDPA channel assignments were [3 7 11 15] in SF = 16. The OCNS channel assignments were [30 40 60 70 90 100] in SF = 128.

Figure 9 displays the results for cases where HSDPA power is set to –13 dB. In these cases the OCNS signals dominate and the measured P/A values indicate the effects of the OCNS changes. We plot both pre-filtered and post-filtered P/A values for HSDPA rates of 1.2 and 3.6 MHz. The pre-filtered (chips only) cases indicate that applying offsets to the OCNS channels reduces the P/A values of the chip. Application of channel spacing is seen to have no additional effect on the P/A of the chips. The post-filtered cases indicate that the reduction of chip P/A’s by offsetting of the OCNS channels is passed on to the filtered signals. Application of channel spacing is seen to reduce P/A, but only in the filtered signals.

Figure 10 displays the results for cases where HSDPA power is set to –1 dB. In these cases the HSDPA signals dominate and the measured P/A values indicate the effects of the HSDPA changes. Again we plot both pre-filtered and post-filtered P/A values for HSDPA rates of 1.2 and 3.6 MHz. The pre-filtered (chips only) cases indicate that applying offsets to the OCNS channels has no effect on the P/A values of the predominantly HSDPA signal, as expected. Once again application of channel spacing (this time for HSDPA) is seen to have no effect on the P/A of the chips, but is seen to reduce P/A in the filtered signals.

Figure 11 shows the code channels that are active in these HSDPA simulations.
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Figure 11. Code Domain Power of HSDPA 3.6 Mbps at –13 dB with modified channel assignments.

Figure 12 is a comparison CCDF plot to show the effect of applying all of the above offset and channel spacing changes to the reference channels. The specific values are the same as used in the simulations summarized in Figures 9 and 10. The legend is the same as for Figure 8.

The results of the optimization indicate that all of the HSDPA cases produce lower P/A than TM-1 except for HS_1.2 –1dB, the case that has intermittent power pulses.
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Figure 12. CCDF (Peak to Average) comparison curves for 5 cases optimized for P/A.

3.
Conclusions:

An HSDPA signal generator was implemented and run with 4 different cases of the fixed reference channels as specified by [1]. The results show that these reference channel definitions cause higher peak to average ratios than necessary. For linearity testing we recommend the signals be adjusted in three ways to reduce P/A. The first adjustment is to specify what the time offsets should be for the OCNS channels. A second adjustment is to spread the OCNS channel code values more evenly over the code space. And the third adjustment is to modify the rule that dictates that the HSDPA code definitions for a given channel be adjacent. It should be equally simple to define a rule for automatically choosing the channels that would spread the codes more evenly in SF-16 space.
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