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1. Introduction
This document provides simulation results of UE HPA output characteristics such as Pout, ACLR, PAE and Power consumption vs. various roll-off factor value of RRC(Root Raised Cosine) filter.

* HPA: High Power Amplifier,    Pout: output Power, 

ACLR: Adjacent Channel Leakage power Ratio,    PAE: Power Added Efficiency

According to the results shown here, larger roll-off factor is more preferable and/or adequate output power reduction is necessary from UE power consumption point of view. We hope this will be examined by all other UE manufacturers and could be taken into account when RAN1 decide the details of spectrum shaping function.

2. HPA model

In our simulation, we assume the same kind of HPA model as Mitsubishi Electric(semiconductor)'s "BA01268". This HPA is one of the most widely used one in Japanese W-CDMA UE, having the features shown below ;

-  HBT hybrid IC

-  2 stage amplifier, Internal input and output matching, Small size package 3x3x1.2mm

-  PAE = 47 % typ. @ Pout = 26.5dBm,  HPSK

-  ACLR = -40dB typ. (-38dB max.) @ Pout = 26.5dBm, HPSK

<NOTEs> Pout : 2.5dB loss is assumed from HPA output to antenna. (Pout at antenna port is 26.5-2.5=24dBm)

                      ACLR: To meet UE requirement of -33dB, we set HPA target to -40dB typ. for mass production.

3. Simulation Results

3.1 Pout or Maximum power reduction

Figure1 shows available maximum Pout where ACLR meets -40dB using the same HPA.
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Figure1 HPA Output Power vs. roll-off factor (ACLR=-40dB)

From Figure1, Pout difference or necessary power reduction compared to R99 HPSK are listed again in Table1.

Table1 Pout difference compared to R99 HPSK case

	
	roll-off = 0
	roll-off = 0.1
	roll-off = 0.22

	PI/2 BPSK
	-1.0dB
	-0.3dB
	+0.2dB

	QPSK
	-2.4dB
	-1.7dB
	-1.1dB

	16QAM
	-3.2dB
	-2.8dB
	-2.5dB


Please note that "+0.2dB" in PI/2 BPSK roll-off=0.22 case does NOT mean "UE must output 0.2dB higher than R99". It only means enough capability to output same Pout as R99 using the same HPA as R99. On the contrary, for example, "-2.4dB" in QPSK roll-off=0 case means that UE does not have enough capability to output same Pout as R99 but 2.4dB lower, when UE uses the same HPA as R99 (, especially, for W-CDMA/LTE dual mode UE).

According to Table1, with roll-off = 0, even PI/2 BPSK results in lower Pout compared to R99 HPSK, which may be a problem at cell edge user. This situation is relaxed by more than 1dB with roll-off = 0.22 for QPSK and PI/2 BPSK.

 These results are larger than the values derived from CM(Cubic Metric) in [1][2] and almost in line with measured data in [3], however, our results show that even larger reduction is needed. 

Although defining specification on transmitter characteristics are in RAN WG4 area, it is also important for RAN1 to consider these values in the RAN1 simulation condition.

3.2 PAE, Power consumption and Heat generation at HPA

Figure2 shows PAE where ACLR meets -40dB.
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Figure2 HPA Power Added Efficiency vs. roll-off factor (ACLR=-40dB)

With roll-off =0, PAE of QPSK drops to arround 35%, which is very severe for UE implementation.

It depends on the RAN4 specification, but, if maximum output power for LTE UE will be decided to the same value as R99 UE, i.e. 24dBm for LTE (PI/2 BPSK, QPSK and 16QAM) and no power reduction from R99, the power consumption and the heat generation become very large due to low PAE, as shown in Figure3 and Figure4. Under the condition of {roll-off = 0, QPSK, the same Pout as R99}, the heat generation at HPA becomes more than 1.5 times (50%UP) compared to R99 HPSK, which is quite critical for UE implementation.

In addition, when the same Pout as R99 is required, the transistor size of HPA should be much larger than R99 HPA, since R99 HPA does not have enough capability as already described in section 3.1. It will increase UE cost.
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Figure3 HPA Power Consumption (Pout=26.5dBm, ACLR=-40dB),
normalized by R99 HPSK case
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Figure4 HPA Heat Generation (Pout=26.5dBm, ACLR=-40dB),
normalized by R99 HPSK case
4. Conclusion
Simulation results of UE HPA output based on the HPA mass production model are reported.

Regarding Pout, with roll-off = 0, even PI/2 BPSK results in lower Pout compared to R99 HPSK, assuming the same HPA as R99. With roll-off =0.22, it is relaxed by more than 1dB.

Regarding PAE, with roll-off = 0, PAE of QPSK drops to arround 35%. If maximum output power is same as R99, the heat generation at HPA will be 1.5 times(50%UP) compared to R99.

Thus, our preference is larger roll-off factor and/or adequate power reduction from UE implementation point of view.

We hope these results will be taken into account when RAN1 decides the details of spectrum shaping function. It is also necessary for RAN1 to cooperate closely with RAN4, especially on UE maximum output power and maximum power reduction.
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