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Spectrum due to modulation of the new pulse shape for HUGE B
Please note: this is the same as the contribution presented at Telco #12 and GERAN#37.
1. Introduction

In [1], simulations made with a PA model, showed that the new pulse shape for HUGE B met the ACP target of 12 dB and 58 dB at 200kHz and 600kHz offsets respectively, but did not meet the ACP target of 50 dB at 400 kHz without an additional back-off to the nominal Tx power according to power class E2.

In response to these findings, the contribution in [2] considered in which scenarios the 400 kHz requirement was needed and proposed a flexible signalling solution to ensure the 400 kHz requirement could be met in those scenarios.
To verify the simulations that were presented in [1], this contribution presents measurement results for the new pulse shape for HUGE B when using a real PA module.
2. Test set up
2.1 PA module
The PA module that was used in the analysis was a linear PA device suitable for GSM with the PA supply voltage set to 3.9 V.
To produce results which were towards the optimistic end, the PA was biased with a higher than normal quiescent current.
2.2 Input signal

Six HUGE B Tx signals were used as inputs to the PA module. One low band (900 MHz) and one high band (1750 MHz) for each modulation of QPSK, 16-QAM and 32-QAM.
Each signal consisted of 166 TDMA frames with each TDMA frame configured with a time slot duty cycle of 2/8 (2 subsequent active timeslots per TDMA frame).
The burst format that was used assumed a random payload and TSC 6. Implicit ramping between bursts was used (i.e. symbols during the guard period were assumed to be in the origin of the constellation diagram).
The spectrally wide pulse shape was used and the sampling rate of the basebad signal was 5.2 Msamples/s (according to the oversampling factor 16 used in 45.004 annex A).
2.3 Output signal
For the ACP analysis, the PA output signal was converted to baseband and sampled by a spectrum analyser.
Spectra were then collected while the input was increased such that a range of output levels were obtained in 0.5 dB increments.
2.4 Calculation of ACP

To calculate the ACP at the 400 kHz offset, the spectrum was shifted by +400 kHz and -400 kHz. The Rx filter was a linearised GMSK filter, truncated to ±160 kHz [3]. The power after the Rx filter was then compared between

· the frequency shifted HUGE B Tx signal and

· a linearised GMSK reference signal with equal power but without frequency shift
at the Rx filter input. The power ratio was calculated in dB. The worse value of +400 kHz and -400 kHz shift of the HUGE B Tx signal was taken as the ACP for the 2nd adjacent channel.
3. Measurement Results
3.1 Output power when ACP > 50 dB @ 400 kHz offset

Table 1 shows the highest achieveable output power at the PA module that was measured while still exceeding 50 dB ACP @ 400kHz.
Table 1 - Output power when achieving the ACP requirement.
	Modulation
	Low band
	High band

	QPSK
	27.5 dBm
	26.6 dBm

	16QAM
	26.7 dBm
	25.0 dBm

	32QAM
	26.5 dBm
	25.3 dBm


The measurements were run almost in the middle of the GSM 900 and DCS 1800 bands. Sligtly lower output power will have to be expected at the band edges.

Table 2 shows the difference between these measurements and the desired nominal maximum power specified in 3GPP TS 45.005 subclause 4.1.1 (for power class E2 measured at the antenna connector) and when assuming
· losses of at least 1 dB between the PA module and antenna connector and

· a required headroom of least 0.5 dB for performance variation between PA samples and measurement/adjustment inaccuracies in the fab.
Table 2 - Difference in output power and maximum nominal power.
	Modulation
	Low band
	High band

	QPSK
	-1.0 dB
	-0.9 dB

	16QAM
	+0.2 dB
	-0.5 dB

	32QAM
	0.0 dB
	-0.2 dB


The power at QPSK modulation will not reach maximum nominal power at the antenna connector, despite the unrealistically high quiescent current. Spectra for the QPSK measurements are shown in Figure 1 (low band) and Figure 2 (high band).
[image: image1.jpg]B

power density spectrum with fiter bandwicth 30 kHz
10

-10

)

)

E

80

-7 L n
S800 -e00 400 -z00 0 200 400 600 800
kHz




Figure 1 - QPSK spectrum (low band) at 27.5 dBm.
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Figure 2 - QPSK spectrum (high band) at 26.6 dBm.
3.2 ACP when output power = nominal maximum output power

To determine the effect to the ACP when the desired nominal maximum output power is achieved for QPSK modulation, the power at the output of the PA module was increased to 28.7 dBm (low band) and 27.6 dBm (high band). 
With the increase in spectral regrowth the ACP for the 2nd adjacent channel reduced from 50 dB to 47 dB (low band) and 46 dB (high band). Spectra from these measurements are shown in Figure 3 (low band) and Figure 4 (high band).
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Figure 3 - QPSK spectrum (low band) at 28.7 dBm.
[image: image4.jpg]power density spectrum with fiter bandwicth 30 kHz
10

10
-0
E

= -40
50

80

-7

-80 L H
S0 00 400 200 0 200 400 600 800
kHz





Figure 4 - QPSK spectrum (high band) at 27.6 dBm.
3.3 PA measurements with 8PSK

To verify that the test set-up was correct, ACP measurements using an EDGE Tx signal with 8PSK modulation were obtained.

At an output power of 28.8 dBm (low band) and 27.6 dBm (high band), the measured ACP at 400 kHz was well above the 50 dB requirement at 57 dB and 58 dB respectively. Spectra from these measurements are shown in Figure 5 (low band) and Figure 6 (high band).
[image: image5.jpg]power density spectrum with fiter bandwicth 30 kHz
10

10
-0
E

= -40
50

80

-7

-80 L h
S0 00 400 200 0 200 400 600 800
kHz




Figure 5 - 8PSK spectrum (low band) at 28.8 dBm.

[image: image6.jpg]power density spectrum with fiter bandwicth 30 kHz
10

10
-0
E

= -40
50

80

-7

a0 i
S0 600 400 200 0 200 400 600 800
kHz





Figure 6 - 8PSK spectrum (high band) at 27.6 dBm.
4. Conclusions
Measurement results for the new pulse shape for HUGE B when using a real PA module were presented to confirm whether an additional back-off was necessary to meet the ACP target of 50 dB at 400 kHz offset.
All of the modulations that use the new pulse shape were considered as well as frequencies in the low and high bands.

In the test set-up, optimistic assumptions were taken on bias current to the PA, the carrier frequency used in the tests (middle channel), and the losses and tolerances that were assumed. This was to ensure that there was a sufficient level of confidence in the conclusions.

The measurements showed that the maximum nominal power could not be achieved while meeting the target ACP at the 400 kHz offset.
The conclusion is therefore that a tighter as well as a looser requirement is needed for the spectral mask at the 400 kHz offset for the wide pulse shape for HUGE B. The scenarios in which the tighter mask should apply, together with changes to the signalling for the HUGE B pulse shape to support the tighter spectral mask, are described in [2].
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