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1. Introduction

Peak-to-average power ratio (PAR) of baseband signal is a key factor in RF system design. The RF power amplifier must allow enough PAR headroom to maintain linear operation and avoid excessive out-of-band emission. A concern was raised over the higher PAR associated with code channels modulated by 16QAM [1] in HSDPA downlink transmission. However, PAR is also influenced by the number of code channels in the composite waveform. Although 16QAM can be used for data transmission in HSDPA, the maximum number of codes modulated by 16QAM is limited to 15 because spreading factor 16 is used for those channels. In this contribution, we compare the PAR in HSDPA transmission and Release 99 signals containing a larger number of DPCH channels.

2. Analysis

We performed the following baseband simulation to investigate the PAR characteristic. Random and uncorrelated information bit streams were generated for individual code channels. Each bit stream was divided into I and Q components and converted to baseband waveforms according to the modulation scheme adopted for the channel. The baseband signal was then spread to 3.84 Mcps using the allocated Walsh code of a designated spreading factor. The spread signals from all the channels were summed together and multiplied by a downlink scrambling code. Finally the I and Q components of the composite signal was passed through a RRC-filter of roll-off 0.22 as defined in [2] and the instantaneous power at the output of the filter was sampled at 16 times the chip rate for analysis. Process of the simulation is illustrated by Figure 1. After accumulating sufficiently large statistics, we constructed the complementary cumulative distribution function (CCDF) of instantaneous PAR, which shows the probability y of the power amplifier encountering a signal power higher than x dB above the average signal power.

For HSDPA signal simulation, we looked at the scenario where HS-PDSCH is allocated with the maximum possible code space, i.e., 15 SF=16 codes, and each code channel has equal gain. In one case, we assumed 7 codes were modulated by QPSK and 8 codes by 16QAM. In another case, we had all 15 codes modulated by 16QAM. 

For Release-99 DPCH signal simulation, we used the 64 SF=128 code channels defined in test model 1 of 25.141 [3]. We selected the cases where all channels have equal gain and where channel gains are as defined in the test model. Overhead control channels were not modelled.

Figure 2 shows the CCDF of instantaneous PAR for the various cases. As one would expect, the signal of 15 16QAM codes is more likely to have higher PAR than the signal of 7 QPSK codes and 8 16QAM codes in HS-PDSCH transmission. Also consistent with our anticipation is that the signal of 64 DPCHs with equal gain tends to have higher PAR than signal of those same channels with different gains. Most importantly, we see that the signal of 15 16QAM codes (SF=16) of equal channel gain has lower PAR compared to the signal of 64 DPCH codes (SF=128) of different channel gains. In this comparison, we have to keep in mind that the 16QAM codes occupy almost twice as much code space than the DPCHs do and that the codes used by HS-PDSCH do not need to have the same power in reality. We can infer from this result that in the same code space QPSK modulated SF=128 code channels generate a higher level of PAR than 16QAM modulated SF=16 codes do (even when the SF=16 codes have equal gain).

[image: image2.wmf] 

-

sin(

w

c

 

t

)

 

Figure 1: Note-B transmitter baseband simulation block diagram
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Figure 2: CCDF of instantaneous peak-to-average power ratio (the y-axis value indicates the probability of instantaneous PAR exceeding the corresponding x-axis value) for (1) 64 QPSK-modulated SF=128 channels with equal gain, (2) 64 QPSK-modulated SF=128 channels with gains as per test model 1, (3) 7 QPSK-modulated SF=16 channels and 8 16QAM-modulated SF=16 channels with equal gain, (4) 15 16QAM-modulated channels with equal gain

3. Conclusion

Based on the results of the baseband simulations, we conclude that the introduction of 16QAM modulation for HS-PDSCH code channels does not lead to a higher PAR in comparison with SF=128 QPSK modulated codes occupying the same amount of code space. This means the node-B in HSDPA operation would not produce higher out-of-band emission than in Rel-99 operation. Therefore, no changes need to be made to existing requirements and tests concerning out-of-band emission for node-B’s supporting HSDPA. 
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