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Battery Voltage Effect on ACP of EGPRS2-B Uplink Signals

Introduction
The new wider pulse shape that can be used in the uplink for EGPRS2-B leads to greater adjacent channel power leakage compared to the legacy pulse shape. A new spectrum mask which relaxes the adjacent channel power has not yet been designated for EGPRS2-B in the uplink. However the Adjacent to Co-channel Power (ACP) limits shown in Table 1 have been used in discussions [1]

 REF _Ref197155638 \r \h 
[2]

 REF _Ref197243463 \r \h 
[6] (condition #2 in [8]) and are used as limits in this paper as well. It is not clear that handset PAs will have sufficient linearity to meet these ACP requirements when operating at or near maximum output power.

Table 1: Assumed ACP limits used in EGPRS2-B Uplink Pulse Filter Discussions

	Offset Frequency

(kHz)
	ACP Limit

	±200
	12 dB

	±400
	50 dB

	±600
	58 dB


Several previous papers have provided simulated [2]

 REF _Ref197155640 \r [3] or measured data [1] as an indication of what uplink signal power levels can be provided by a handset PA while still meeting the ACP limits shown in Table 1.
While these papers provided valuable data, there are many factors which affect PA spectral output performance, for example PA supply voltage,  bias current, temperature of operation, aging effects, manufacturing differences, and output load conditions.  The data provided thus far have chosen a single operating point for evaluation and have not considered the impact of variation of any of these parameters on the output of the PA.  

This study considered the effects of handset battery voltage on the adjacent channel power leakage. This paper provides some measured output maximum power levels that meet the ACP limits (Table 1) for a single set of power amplifiers operated at three different voltage levels.

Measurement Setup
ACP and total output power were measured as shown in Figure 1. The waveform generator produced a pulse shaped (conforming to Annex A of 45.004) EGPRS2-B uplink signal. The output of the PA was connected to a power meter and a vector signal analyzer, allowing simultaneous power level measurements and I/Q sample capture.
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Figure 1: Simplified ACP measurement setup.

PA Module

The PA module analyzed was a commercially available FEM (Front-End Module) containing separate high band (DCS and PCS) and low band (EGSM900 and GSM850) power amplifiers.

The supply voltage to the FEM was set to three different values for these tests: 4.2V, representing a high battery charge level; 3.6V, a nominal battery voltage level; and 3.2V, representing a low (but typically usable) battery charge level. It is important to note that a voltage source was used to power the PA, not a battery. Unlike a battery, the voltage source was able to maintain a consistent voltage level regardless of the current drawn by the PA. It is not uncommon for battery voltage to slump several tenths of a volt when the PA is in use. Thus each supply voltage in these tests represents the “slumped” battery voltage. While the lowest voltage considered here was 3.2V, it is likely not a worse case condition. Depending on the handset design, the PA may be expected to operate at voltage levels that sag significantly below 3.2V.
PA bias currents were controlled by a specific bias control pin on the FEM. Only one bias control level was considered – that recommended by the FEM manufacturer for maximum output power of a legacy 8-PSK EGPRS signal.

Input Signal

A total of 16 different EGPRS2-B uplink input signals were used: eight 32-QAM signals (two in each GSM band), and eight QPSK signals (two in each GSM band). 16-QAM signals were not examined as they are expected to behave similarly to 32-QAM signals.
For consistency reasons, the input signals were very similar to those used in [1]. Each signal consisted of 166 TDMA frames with the first two slots of each frame active. Each burst had a random payload and used the version of training sequence six (TSC 6) appropriate to the modulation type. The signal was ramped up and down at the start and end of each burst as well as in between the bursts. The spectrally wide pulse shape conformed to 45.004 Annex A.
Output Signal and ACP Calculation
PA output signals were fed to a vector signal analyzer where they were downconverted and sampled. The sampled signals were then filtered with a linearized GMSK filter and ACP was calculated as shown Figure 2 and Eq. 1 using a linearized GMSK reference signal of equal power.
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Figure 2: -400kHz offset ACP calculation using a reference linearized GMSK signal.

ACP = 10log(Area A) – 10log(Area B) 


Eq. 1
Figure 2 shows a -400kHz offset between the EGPRS2-B uplink signal and the reference signal. ACP was calculated for offsets of ±600kHz, ±400kHz, and ±200kHz. The ±400kHz offsets were always the first to fail the ACP specifications and thus the maximum output power was limited by this parameter in all cases. 
Measurement Results
Table 2, Table 3, Table 4, and Table 5 show the maximum achievable output power while still conforming to the >50dB ACP specification (±400kHz offset) for each test case. The margin columns show the difference between the maximum ACP compliant output power and the required handset maximum output power (low band: 27dBm for QPSK, 25dBm for 32-QAM; high band: 26dBm for QPSK, 24dBm for 32-QAM).
Table 2: Low band PA max. output power while meeting ACP requirement with 32-QAM signal.
	Frequency
	Vsupply = 3.2V
	Vsupply = 3.6V
	Vsupply = 4.2V

	
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)

	824MHz
	27.4
	2.4
	28.3
	3.3
	29.6
	4.6

	849MHz
	27.3
	2.3
	28.3
	3.3
	29.5
	4.5

	880MHz
	27.3
	2.3
	28.2
	3.2
	29.4
	4.4

	915MHz
	27.3
	2.3
	28.2
	3.2
	29.4
	4.4


Table 3: Low band PA max. output power while meeting ACP requirement with QPSK signal.

	Frequency
	Vsupply = 3.2V
	Vsupply = 3.6V
	Vsupply = 4.2V

	
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)

	824MHz
	28.2
	1.2
	29.2
	2.2
	30.5
	3.5

	849MHz
	28.2
	1.2
	29.3
	2.3
	30.5
	3.5

	880MHz
	28.2
	1.2
	29.2
	2.2
	30.4
	3.4

	915MHz
	28.2
	1.2
	29.1
	2.1
	30.3
	3.4


Table 4: High band PA max. output power while meeting ACP requirement with 32-QAM signal.
	Frequency
	Vsupply = 3.2V
	Vsupply = 3.6V
	Vsupply = 4.2V

	
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)

	1710MHz
	25.6
	1.6
	26.5
	2.5
	27.5
	3.5

	1785MHz
	25.5
	1.5
	26.3
	2.3
	27.4
	3.4

	1850MHz
	25.3
	1.3
	26.1
	2.1
	27.1
	3.1

	1910MHz
	26.0
	2.0
	26.7
	2.7
	27.9
	3.9


Table 5: High band PA max. output power while meeting ACP requirement with QPSK signal.

	Frequency
	Vsupply = 3.2V
	Vsupply = 3.6V
	Vsupply = 4.2V

	
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)
	Pout (dBm)
	Margin (dB)

	1710MHz
	26.7
	0.7
	27.6
	1.6
	28.8
	2.8

	1785MHz
	26.7
	0.7
	27.5
	1.5
	28.7
	2.7

	1850MHz
	26.5
	0.5
	27.3
	1.3
	28.4
	2.4

	1910MHz
	27.2
	1.2
	28.0
	2.0
	29.1
	3.1


In all test cases analyzed, the maximum output power while meeting the ACP requirements (Table 1) exceeded the maximum output power requirements of the handset in each band. For 32-QAM signals the output power margin was substantial for 3.6V and 4.2V supply voltages. At supply voltages of 3.2V, the margin dropped to a low value of 1.3dB at 1850MHz.
For QPSK signals the output power margin was found to be no less than 2.4dB with a supply voltage of 4.2V. The output power margin dropped considerably for supply voltages of 3.6V to a low of 1.3dB at 1850MHz. At supply voltages of 3.2V the margin dropped even more to a minimum value of 0.5dB at 1850MHz.

It is important to note that these measurements were performed on a single FEM at room temperature. As previously noted, variations in PA performance will exist due to factors such as operating temperature, PA manufacturer processes, lot differences, handset PCB layout, and PA load conditions.  These impacts are not analyzed here and can not be deduced from these results.  Each of these factors will demand some output power margin from the PA.  These measurements indicate the margins can be very low (only 0.5dB at 1850MHz) at supply voltages of 3.2V. It is unlikely that the ACP requirements can be met over all operating and process conditions while maintaining the required maximum output power.
Conclusions

Handset PA output power limits based on compliance with ACP requirements at ±400kHz (minimum 50dB) were measured. Two modulation types of EGPRS2-B modulated signals were used: 32-QAM and QPSK. To examine the effects of battery voltage, three PA supply voltages were used: 3.2V, 3.6V, and 4.2V.

The measurements indicated that ACP performance is heavily dependent on PA supply voltage. While ACP failure was found at power levels above the required handset output level in all cases, there was little margin in many cases, particularly when the supply voltage was 3.2V. The amount of margin shown in these measurements is likely insufficient to cover variations due to temperature, PCB layout, PA manufacturer processes, lot differences, and loading conditions.
In situations where the minimum 50dB ACP target must be met, two options have been discussed [7]. The first option is to use the narrow pulse shape linearized GMSK filter. The second is to use the wide pulse shape but to reduce the output power level of the mobile station by an amount sufficient to make the ACP level compliant. A back-off range of 1dB to 2dB has been suggested [7]. It has also been shown that even with 2dB of power back-off there are significant throughput gains when using the wider pulse shape compared to using no power back-off with the linearized GMSK pulse [7].

The work presented here demonstrates the dependency of ACP on PA supply voltage level. As previously mentioned though, there are a number of other PA related factors that will affect ACP and these have not been analyzed.  Therefore an output power back-off of at least 2dB would be prudent. A 2dB power level back-off has the added advantage of being a single power control step – simplifying handset implementation of EGPRS2-B.  A power back-off value other than 2dB (or a multiple of 2dB) may require significant handset design effort and new power calibration steps during manufacturing.
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