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1.Introduction

In order to support fast ACK/NACK transmission and CQI reporting from UE to Node B, a separate code channel, later known as the HS-DPSCCH, was 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. In this document we would like to turn the attention to the impact a third code channel has on the UE implementation due to the increased peak-to-average-ratio (PAR) caused by increasing the number of code channels in the UL from 2 to 3.

2. PAR Increase

2.1 Increased PAR

It is a known fact that the more codes introduced, the higher the PAR will be. For the two code case, one in-phase and one quadrature code, the PAR in UL WCDMA has been minimized by choosing a complex scrambling scheme that significantly reduces the number of 0( and 180(phase shifts. A third UL code channel introduces more points in the signal constellation, which reduces the effect of the complex scrambling scheme and the PAR increases. Figure 1 shows the increased PAR caused by introducing HS-DPCCH. The increased PAR has been simulated for all DPDCH/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. HS-DPCCH to DPCCH gain factor is ‘0/15’. The reference PAR is as the figure shows approximately equal for all DPDCH to DPCCH power settings.
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Figure 1 PAR increase as a function of UL DPDCH, DPCCH and HS-DPCCH gain settings

From the simulation results, it can be seen that the worst-case increase in PAR is as high as 2.3 dB. This occurs when the power for all three code channels are in the same range. 

2.2 Impact on UE implementation

Currently, TS 25.101 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 TX design. This has several impacts to important UE properties as listed below.

· Decreased battery operating time. Increased PAR means that the power amplifier (PA) must be operated at a higher back-off due to the increased dynamic range of the output signal. Increased back-off means decreased PA efficiency. Reduced power efficiency means again reduced battery operating time. Due to the extra power needed for the HS-DPCCH, a UE in HSDPA mode will be operating closer to its maximum power level more often than when it is not in HSDPA mode. This means that the PA efficiency has an even larger impact on the battery operating time for an HSDPA capable UE.
· Increased UE form factor. The form factor, i.e. size and shape of the UE, needs to be increased for two reasons. First of all, decreased PA efficiency means higher heat dissipation in the UE, which increases the size in order to be able to handle the increased heat. Secondly, if the battery operating time is to be kept at the same level, a larger battery is needed which increases the size of the UE even more.
· Increased UE cost. In order to be able to have the same maximum output power as earlier with increased back-off due to PAR, the new PA needed will in practice need to support a maximum output power equal to the maximum output power requirement from TS 25.101 plus the increased PAR. This means that a UE with 21 dBm output power, UE power class 4, needs to have a PA able to support an output power of 23.3 dBm when the PAR is 2.3 dB. This is close to the output power needed for UE power class 3, which is 24 dBm. The higher the output power, the higher cost for the UE RF.
All of the above impacts represent serious degradations to the attractiveness and competitiveness of the HSDPA capable UE. Nokia sees it as a problem that a DL enhancement adds so much complexity to the UL TX design. Furthermore, requiring a more powerful PA 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.

3. Possible ways forward

The uplink signaling as it is specified is a working solution. However, as we have shown above, the impact to UE of complying with the maximum output power requirement also with multi codes reduces the UE attractiveness significantly. Some solution to improve the situation is needed.

3.1 Relaxing maximum output power requirement in HSDPA mode

The only way of coping with the PAR problem introduced by HS-DPCCH channel, without having to redesign the transmitter, is to allow the UE to reduce its maximum output power when the power settings for the differenct code channels are such that the PAR is increased to a level where the UE cannot meet maximum output power tolerance requirement exsisting at the moment. The maximum output power requirement for multi codes was intented for cases with multiple DPDCHs carrying out the user data. As we show in the previous chapter, the impact in worst case is 2.3 dB added PAR due HS-DPCCH channel..

This relaxation in the maximum output power comes at the cost of reduced UL capacity/coverage. However, it is worth mentioning that the introduction of HSDPA UL signaling anyway reduces the UL capacity/coverage. The effect of this reduction is very deployment dependent. Allowing the UE to reduce its maximum output power should be combined with the TFC selection limitation scheme. This means that the UE can also block additional TFCs due to the maximum output power being reduced due to increased PAR.

4. Conclusion

In this paper, we have shown that the effect of increased PAR due to the introduction of the HS-DPCCH is impacting to the UE TX design, and new requirements needs to be considered to address this problem. Hence we propose to define the UE maximum output power in a such way that it allows to back-off 2.5 dB when HS-DPCCH channel is present. 

In attached CR one finds this reflected in text proposal for TS 25.101.
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