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1 Introduction
In the LS [1] from RAN1, three questions were asked: 
1. With an “HSDPA” PA or a potential LTE PA, can a UE transmit QPSK with no FDSS assuming a low number of resource blocks with the maximum transmit power or are FDSS or (/2-BPSK needed in order to achieve the maximum output power? 

2. If reaching the UE maximum transmit power is possible for QPSK with no FDSS, (what) about the feasibility of increasing the UE output power beyond the nominal maximum output power? 

3. If increasing the UE output power beyond the nominal maximum output power is determined feasible, what level of power increase is acceptable?

In this contribution we address the two first questions.
2 Summary 

The proposed answers to the two first questions in the LS are

1. According to the E-UTRA requirements [2] UE complexity and power consumption shall be minimised/optimised. 
It is possible to achieve the maximum output power of 24 dBm for QPSK without FDSS assuming a low number of resource blocks but the efficiency is low, i.e. the power consumption is not minimized. The power consumption of the PA can be reduced by about 14 % using (/2-BPSK and spectrum shaping resulting in increased battery time.
2. From an implementation point of view, it is possible to increase the maximum output power for an “HSDPA” PA when applying (/2-BPSK and/or spectrum shaping. In principle it is possible to achieve 27 dBm with an “HSDPA” PA.
3 Detailed Answers

3.1 Is it possible to achieve the maximum output power with QPSK without FDSS?

According to measurements in [3] on two different HSDPA PAs,  the maximum output power from the PAs for QPSK signals without FDSS that meets the requirement of ACLR=33 dB and an EVM requirement of 4% is 27 dBm. Assuming a 3 dB loss between the PA and the antenna, this yields a maximum output power of 24 dBm, which is the maximum output power of UE power class 3. Compared with wideband transmissions, ACLR increases significantly (i.e. the out of band emission decreases) for narrowband transmissions whereas the EVM remains the same. We therefore conclude that it is possible to achieve the maximum output power of 24 dBm for QPSK without FDSS assuming narrowband transmission, i.e. transmission with a low number of (frequency-multiplexed) resource blocks. 
However, as shown in [4], the efficiency for a given output power and ACLR depends on the modulation scheme and spectrum-shaping function. Both applying π/2-BPSK and spectrum shaping were shown to increase the efficiency compared to QPSK without spectrum shaping. The efficiency is an important aspect, since according to the requirements for E-UTRA [2] UE complexity and power consumption shall be minimised/optimised.

We have performed measurements on an HSDPA PA, TQM7M6001 from Triquint Semiconductor [5]. 

By using π/2-BPSK and spectrum shaping with the Kaiser window (β=2.75), the required back-off can decrease by 3 dB. This reduction in back-off can be exploited by momentarily reducing the compression point of the PA with a relatively straightforward reduction in PA power supply voltage. The left-most graph of Figure 1 shows the resulting power added efficiency (PAE) with a reduced power supply of 2.5 V for π/2-BPSK and spectrum shaping with the Kaiser window, compared to the normal power supply voltage of 3.4 V for QPSK without spectrum shaping. At an average output power of 27 dBm (corresponding to 24 dBm at the antenna) the PA efficiency is increased from 38 % to 45 %. 

The increased efficiency affects the power consumption as shown in the right-most graph of Figure 1. For the same output power (Pout) of 27 dBm, the consumed power is reduced from 1.3 W to 1.12 W, i.e. by 
14 % with the use of π/2-BPSK and spectrum shaping with an appropriately reduced PA power supply voltage.
Along with the power consumption, the power dissipation, shown in Figure 2, decreases with π/2-BPSK and spectrum shaping from 0.8 W to 0.62 W, i.e. by 22 % and in that way may relax cooling requirements.
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Figure 1 Power added efficiency (left) and consumed power (right) vs. average output power.
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Figure 2 Dissipated power vs. average output power.
3.2 Is it possible to increase the UE output power beyond the nominal maximum output power?

Measurements in [3] on two different HSDPA PAs show that the maximum output power from the PAs for π/2-BPSK signals with spectrum shaping that meets the requirement of ACLR=33 dB and an EVM requirement of 4% is 30 dBm.  With a realistic loss from the PA to the antenna of 3 dB we can exploit the characteristics of π/2-BPSK and of spectrum shaping to increase the UE maximum transmit power up to 27 dBm.
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