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1. Introduction
A new HUGE-B transmit pulse shaping filter is agreed in TSG-GERAN #36 [1].  This pulse is a spectrally wide pulse that could achieve better throughput performance for HUGE-B.

This new pulse is designed to meet the ACP requirements (12dB @200kHz, 50dB @400kHz, and 58dB @600kHz) [2].  Although it is reported that ACP requirements at 200kHz and 600kHz can be met, NSN and Nokia raise concerns on its ACP performance @400kHz, when spectrum regrowth issue due to PA is considered [3].  Further measurements on spectrum with the new pulse are performed [4]; and a signalling method solution is proposed in [5].  These ACP measurements are based on Nokia’s PA module, of which parameters are not in public domain for verification.
In this contribution, we investigate the PA impact on ACP performance with general PA models, which specify power amplifier nonlinearity.  ACP caused by the spectrum regrowth due to PA’s nonlinear distortion are evaluated numerically with the new transmit pulse.  ACP performance @400kHz for QPSK, 16QAM, and 32QAM are summarized. 

2. Power Amplifier (PA) Model

One of the most popular PA model for solid state power amplifier is commonly known as Rapp model [6].  The amplitude distortion of the Rapp model can be specified as
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where Vin and Vout are input/output voltage of a PA, respectively, Vsat is the PA saturation level, and P is a parameter with typical value from 2 to 3.  The input PA backoff at 1dB compression point is
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which is the input Tx power that will achieve 1-dB compression (distortion) at the amplifier output.  Other modified Rapp model can be found in [7] and [8] with more accurate modelling on amplitude and phase distortion.
Another PA model for EDGE study can be shown in [9].  For reference, the power and the phase distortion of this model are illustrated in Figure 1 based on [9].  The input and output powers are normalized to 1-dB compression point.
[image: image3.png]S
T

Phase Shift, (degrees)





Figure 1   Nonlinear PA Power/Phase Characteristic [9]
3. ACP Performance 

ACP is defined as the tolerated power difference between a CCI and an ACI at reference performance.  Based on [5], ACP is calculated as the power difference after Rx-filter when a CCI source and an ACI source of equal power are applied.  The Rx-filter is a legacy linearised GMSK filter.  The energy after Rx-filter is measured in the frequency band [-160kHz, 160khz].  The legacy Tx-filter is used as the reference CCI.

When a PA is operating in ideally linear region, there is little impact on the ACP performance.  When transmitting power is large enough to reach the saturation region of PA, the PA’s nonlinearity characteristic will impact the spectrum of transmitted signal.  This nonlinear distortion will affect ACP performance.
Simulation is performed to evaluate the ACP performance at 400kHz with a realistic PA model.  The results are summarized in Table 1.  The 0dB power backoff from 1-dB compression point indicates that the PA input Tx power equals to the power that will achieve 1-dB compression (distortion) in the PA output.  The ACP @400kHz in this scenario has 43.80dB, 46.01dB, and 46.08, for QPSK, 16QAM, and 32QAM, respectively.  Please note that the maximum 16QAM and 32QAM transmitting power is 2dB less than that of QPSK, as indicated in 4.1.1 of TS 45.005.  
Table 1   ACP @400kHz with Power Backoff from 1-dB Compression point

[image: image4.emf]ACP (dB) @400kHz

0.00 1.00 2.00 3.00 4.00

HUGE-B (QPSK) 43.80 45.73 47.60 49.45 51.00

HUGE-B (16QAM) (-2dB) 46.01 47.77 49.62 51.12 52.27

HUGE-B (32QAM) (-2dB) 46.08 47.94 49.58 51.06 52.23

Backoff (dB)

Tx Power = 1-dB Compression Point


Table 1 illustrates that ACP @400kHz can be satisfied when the Tx power is 4-dB less than the 1-dB compression point of the PA.  Given a PA with size of 28dBm (at 1dB compression point), the maximum Tx power shall be 24dBm; and a PA with size of 30dBm (at 1dB compression point) will have maximum Tx power of 26dBm to meet ACP @400kHz requirement.
Based on 4.1.1 of TS 45.005, an E2 class MS has nominal maximum output power at 27dBm for band less than 900MHz, and at 26dBm for DCS1800 and PCS1900.  In order to meet this requirement, a Tx PA with either 31dBm compression point or 30dBm compression point shall be used.  Considering antenna connector loss and other device variation, a slightly large compression point shall be applied to meet the ACP requirement at 400kHz.
If a PA has smaller 1dB compression point, either the nominal maximum output power cannot be reached, or the ACP 50dB @400kHz cannot be met.  Under such situation, alternative solutions like [5] can be applied to protect adjacent channel interference near the border bands.

4. Conclusions

This contribution uses power amplifier models to investigate PA impact on ACP performance with HUGE-B’s new transmit pulse.  ACP @400kHz for QPSK, 16QAM, and 32QAM are summarized under different PA backup powers.  It can be concluded that:

1. The transmitting power shall be 4-dB less than the 1-dB compression point to meet ACP 50dB @400kHz.  For example, a PA with size of 28dBm (@1dB compression point), the maximum Tx power shall be less than 24dBm to meet the ACP requirements.
2. When the Tx power has less than 4-dB backoff from the 1-dB compression point, ACP 50dB @400kHz cannot be met.  This indicates either less than nominal maximum output power, or increased adjacent channel interference.

3. When ACP 50dB @400kHz cannot be met, special considerations like [5] to protect adjacent channel interference shall be applied.
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