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Impact of AQPSK Alpha Set on Legacy Terminal Performance
1. Introduction

In [1] it was proposed that the discrete set of allowed alpha values for the VAMOS AQPSK constellation points include alpha values corresponding to the Sub Channel Power Imbalance Ratio (SCPIR) values [dB] {0, 2, 3.5, 4.4, 6, 7.7, 9.5, 12, 14}. This contribution presents simulations that illustrate the impact of this proposed set on the performance of legacy non-DARP terminals and DARP phase 1 terminals.
The aim of this contribution is to provide a foundation for a discussion of whether 1) a set with as fine a granularity of the alpha values as that proposed in [1] will truly benefit the network and 2) whether the largest SCPIR levels proposed in [1] are actually required, as e.g. Figure 5 and Figure 6 in [2] display rather large performance degradations for a VAMOS level 2 receiver for the larger SCPIR magnitudes.
Section 2 contains the simulation results and Section 3 contains a discussion.
2.  SimulationS
The performance of legacy non-DARP terminals and DARP phase 1 terminals is presented for AFS5.9 and AHS5.9. A typical urban channel profile, terminal speed 3 km/h (TU3) and ideal frequency hopping (FH) in the 900 MHz band has been used for the DL simulations. Typical Rx impairments are included in the simulations for both terminal types. Simulation results are provided for sensitivity and the MTS1 and MTS2 interference scenarios – the external interference is QPSK modulated in order to reflect the interference in a VAMOS network. Sensitivity results are provided for DARP phase 1 terminals and interference results are provided for both DARP phase 1 terminals and legacy non-DARP terminals.
A legacy training sequence code (TSC 4) is applied to the desired VAMOS sub channel to make it fully compatible with the legacy terminals. The corresponding new TSC is applied for the orthogonal VAMOS user.

The plots on the following pages display frame erasure rate (FER) as a function of E/N0 or C/I for various SCPIR levels. The figure legends indicate the applied SCPIR levels – the numbers in parentheses following the SCPIR levels indicate the crossing of the 1% FER level. The purpose of the plots is to illustrate the magnitude of the performance gains that result from increasing the SCPIR. Note that the minimum SCPIR value applied for legacy non-DARP terminals is SCPIR = 3.5 dB in accordance with the proposal in [1]. 
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Figure 1: DL Sensitivity performance of a DARP phase 1 terminal for various SCPIR levels when using AMR full rate 5.9. 
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Figure 2: DL Sensitivity performance of a DARP phase 1 terminal for various SCPIR levels when using AMR half rate 5.9. 
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Figure 3: DL Co-channel interference performance (MTS1) of a DARP phase 1 terminal for various SCPIR levels when using AMR full rate 5.9. 
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Figure 4: DL Co-channel interference performance (MTS1) of a DARP phase 1 terminal for various SCPIR levels when using AMR half rate 5.9. 
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Figure 5: DL Co-channel interference performance (MTS1) of a legacy non-DARP terminal for various SCPIR levels when using AMR full rate 5.9. 
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Figure 6: DL Co-channel interference performance (MTS1) of a legacy non-DARP terminal for various SCPIR levels when using AMR half rate 5.9. 
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Figure 7: DL Mixed interference performance (MTS2) of a DARP phase 1 terminal for various SCPIR levels when using AMR full rate 5.9. 
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Figure 8: DL Mixed interference performance (MTS2) of a DARP phase 1 terminal for various SCPIR levels when using AMR half rate 5.9. 
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Figure 9: DL Mixed interference performance (MTS2) of a legacy non-DARP terminal for various SCPIR levels when using AMR full rate 5.9. 
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Figure 10: DL Mixed interference performance (MTS2) of a legacy non-DARP terminal for various SCPIR levels when using AMR half rate 5.9. 

3. Discussion
The results in Figure 1 to Figure 10 illustrate that there are generally relatively large gains/changes in performance from increasing the SCPIR from 0 dB to 7.7 dB in favor of the legacy terminal, whereas the additional gain/change in performance by increasing SCPIR from 7.7 dB to 14dB (14 dB is the maximum SCPIR value proposed in [1]) generally is much less. Furthermore it is noted that the gain/change in performance when switching from one SCPIR value to the next in the set proposed in [1] is relatively small – this is especially so for the larger SCPIR values.
It would be interesting to see link level simulations that could clarify whether the network performance will benefit from such a fine granularity of the set of AQPSK alpha/SCPIR values, or whether a much more coarse grained set will yield a similar network performance. From a VAMOS level 2 terminal point of view there are at least two advantages from keeping the set of allowed alpha/SCPIR values as small as possible:
1) Performance: If the VAMOS level 2 receiver is based on joint detection of the two orthogonal VAMOS users then the AQPSK alpha value must be blindly detected (if it is not signalled). The smaller the set of allowed alpha values, the better the accuracy of the blind detection – and the better the performance of the VAMOS level 2 terminal.

2) Requirement specification + terminal testing: The smaller the set of allowed alpha values, the smaller the task of specifying the performance requirements for VAMOS level 1 and level 2 terminals and – importantly – the smaller the task of type approval testing the terminals in production. Terminal testing is already a rather time consuming and expensive task.
It should be considered whether the extreme SCPIR levels proposed in [1] (up to 14 dB) are relevant in practice from a network point of view. At SCPIR = 7.7 dB, 85% of the transmitted signal power is allocated to the dominant user. At SCPIR = 14 dB, 96% of the transmitted signal power is allocated to the dominant user. Figure 1 to Figure 10 illustrate that performance for the dominating legacy terminal is only improved by around 1 dB (at 1% FER) when increasing SCPIR from 7.7 dB to 14 dB. On the other hand, Figure 5 and Figure 6 in [2] indicate that the paired VAMOS level 2 terminal looses around 7-8 dB in the same SCPIR interval and thus requires rather large C/I levels in order to operate around the 1% FER level. The extreme SCPIR value should be selected so that it will actually be applied for VAMOS level 2 terminals in realworld networks – i.e. so that the performance trade-off between the two orthogonal users is justified.
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