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1 Introduction

In order to support fast ACK/NACK transmission and CQI reporting from UE to Node B a separate uplink code channel called HS-DPSCCH has been introduced. The main reason for using a separate code channel was to ensure backwards compatibility with Release’99 base stations in cases where HSDPA is not deployed in all cells in the system. Introduction of third uplink code channel increases the PAR (Peak-to-Average Ratio) and modifies the shape of power probability function and sets more stringent linearity requirements for UE transmitter, which has also been shown in [1], [2] and [3].

2 PAR increase and power back-off

It is a known fact that the more uplink codes introduced, the higher the PAR of UL signal will be. Figure 1 shows the PAR increase caused by introduction of HS-DPCCH. The increased PAR has been simulated for all possible DPCCH/DPDCH and DPCCH/HS-DPCCH gain settings currently allowed in the specifications. In the simulations, the PAR was measured after transmit filtering. The reference for the PAR increase is the case where no HS-DPCCH is transmitted, i.e. when (hs is 0. PAR increase when HS-DPCCH is transmitted depends on all three gain factors (c, (d and (hs. When (c/(d < 1 increase is about 0.6dB, while in case that (c/(d > 1 PAR increases up to ~1dB.
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Figure 1. 99.9% PAR increase with HS-DPCCH with different (hs gain factors

Higher PAR of transmitted signal means that more linear transmitter is needed in order to reach similar performance with same output power level. PAR is however usually insufficient merit in order to define how much more linear transmitter is needed and it is also necessary to understand the probability of power levels exceeding the average power. Power probability plots of R99 UL (15/15) and Rel-5 UL (15/15/19) signals are shown in figure 2. Although 99.9% PAR increase of Rel-5 signal is only ~0.6dB when compared to R99 signal the probability that power exceeds the average power is significantly higher, which means that in practice transmitter linearity must be improved more than 0.6dB in order to meet the same performance.
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Figure 2. R99 (15/15) and Rel-5 (15/15/19) UL signal normalized output power probability

Transmitter non-linearity depends heavily on the implementation. However, simulation results obtained using rather simple model for UE transmitter and test signals with gain factors (c/(d/(hs equal to 15/15/0, 15/15/19 and 15/4/15 show that 1.9dB more back-off is required in worst case in order to reach same ACLR with HS-DPCCH as without it. When (c/(d < 1 the additional back-off need is in about 1dB. Similar results have also been presented in [2].
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Figure 3. Simulated UE ACLR as a function of normalized output power

3 Discussion of the RF requirements

Currently, TS 25.101 [4] defines that the tolerance allowed for the nominal maximum output power applies even for the multi-code transmission mode. If no limitation is made to the allowed gain settings for DPDCH, DPCCH and HS-DPCCH when the UE is at maximum power and the maximum output power requirement for multi-code transmission is kept as it is today, the increased PAR needs to be included in the UE transmitter design, which has several impacts to important UE properties. UE battery operating time will decrease and form factor and cost will increase. These impacts represent degradations to the attractiveness and competitiveness of the HSDPA capable UE. Nokia sees it as a problem that a DL enhancement, which does not provide any improvement in UL, adds so much complexity to the transmitter design. Furthermore, requiring a more powerful transmitter in the UE should give comparable gain in UL and not only address requirements in the DL direction. This is not the case at the moment.

In order not to introduce more stringent linearity requirements for HSDPA capable UEs a power reduction at maximum output power should be allowed when HS-DPCCH is transmitted. A fixed power reduction when HS-DPCCH is transmitted has been already proposed in [3], however in order to have minimum impact on network performance the power reduction should be allowed only during the DPCH slots where HS-DPCCH is transmitted and UE output power is close or equal to maximum output power. In practice this would mean that UE would reduce the maximum output power if output power in the DPCH slots with HS-DPCCH would be close or equal to maximum output power or output power with HS-DPCCH would exceed the maximum output power and UE uses output power scaling as specified in [5]. Based on the analysis done in previous section and on the similar results shown by other companies from 0 to ~2dB power reduction depending on the DPCCH/DPDCH and DPCCH/HS-DPCCH gain settings should be sufficient to compensate for the PAR increase with all allowed gain settings.
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Figure 4. Power back-off when HS-DPCCH is transmitted

System level impacts of the power back-off would need to be further studied.

4  Conclusion

In this paper the impacts of increased PAR due to the introduction of the HS-DPCCH to the UE transmitter design has been described. These impacts represent degradation to the attractiveness and competitiveness of the HSDPA capable UE and a solution to address this problem has been proposed.
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