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1. Introduction

In [1] it is proposed to include a DTX test case in the downlink for VAMOS level I and level II terminals.  When one subchannel user is in DTX the transmitted signal switches from AQPSK to GMSK. There are now two options for the transmitted power to the remaining user: 
1) Keep the total transmitted power unchanged, allocating all power to the remaining subchannel user. 
2) Reduce the total transmitted power by an amount equal to that of the subchannel user in DTX, as determined by the current SCPIR.
It is clear that option 1) will boost the reception quality for both VAMOS level I and II terminals, and that option 2) will improve performance for a VAMOS level I terminal as it corresponds to the removal of a dominant interferer. This contribution investigates the impact of option 2) on the performance of a VAMOS level II terminal based on joint detection. 
Section 2 contains the simulation results and Section 3 provides a conclusion.
NOTE: This is an updated version of GP-091214, presented at GERAN43 in Vancouver. The performance figures have been updated and all changes/additions to the text are marked in red.
2.  SimulationS
This section investigates the performance impact when applying DTX option 2) and using a VAMOS level II receiver based on joint detection. Such type of receiver utilizes the received signal power on both the subchannels in the bit detection process, making it able to operate even at very low SubChannel Power Imbalance Ratios (SCPIR). The performance impact is illustrated on the Frame Erasure Rate (FER) when the transmitted power is reduced by an amount equal to that of the subchannel user in DTX, as determined by the current SCPIR. 

Figure 1 – Figure 3 below display the simulation results. The solid green, blue and red curves display the FER performance of a VAMOS level II terminal for various SCPIR levels. The black reference curves display the FER performance for SCPIR=∞ which corresponds to the performance that will result from DTX option 2) above. For DTX option 2) the transmitted signal is GMSK modulated and has a power that is reduced by an amount determined by the SCPIR level and corresponding to the power of the subchannel user in DTX; the level of noise/interference is unchanged (as it is unaffected by a user entering DTX). In order to facilitate the comparison the FER performance is plotted against Eb1/N0 or C1/I1. The effect on FER of DTX option 2) may be found by vertical extrapolation from a solid green, blue or red curve down to the FER level of the black curve.

A VAMOS level II terminal operating at very low SCPIR levels must experience an extremely high C/I level in order to maintain a FER around 1% - i.e. the interference power level (I) must be low compared to the total power of the transmitted signal (C=C1+C2). When the orthogonal user (C2) enters DTX according to option 2) above this means that the total power (P) of the received signal at the terminal is reduced from P=C1+C2+I to P’=C1+I. E.g. if SCPIR =     -14 dB and C/I = 25 dB the level of the signal received at the VAMOS level II terminal is reduced by more than 13 dB. This signal level reduction may impact terminal performance briefly until the Automatic Gain Control (AGC) loop adjusts the gain setting in the A/D converter according to the reduced level of the received signal. An absolute worst case assessment of this effect was made by carrying out the DTX simulations using a precision that was reduced by 3 bits, corresponding to an attenuation of the received signal by 18 dB. Note that this way, the signal level was reduced by 18 dB regardless of what the actual signal reduction would be for the simulated C/I + SCPIR combinations – typically the actual signal level reduction would be smaller. The resulting performance is indicated by the dotted black curves in Figure 1 – Figure 3.
When the orthogonal user (C2) returns from DTX according to option 2) this may likewise lead to a significant increase in the total power (P) of the received signal at the terminal for the lowest SCPIRs. Until the AGC loop in the terminal has adjusted the gain setting according to the increased level of the received signal the terminal performance may briefly be affected negatively due to saturation of the signal samples out of the A/D converter. The lower panels in Figure 1 – Figure 3 include simulation results that illustrate the worst case performance at the various SCPIRs due to saturation just after the orthogonal user returns from DTX. The resulting performance is indicated by the dashed green, blue and red curves. These curves are omitted from the top panels as the performance for higher SCPIRs is not affected by the DTX. Note: these simulations assume the worst case situation for the entire duration of the simulation, settling of the AGC gain setting is not included. On a burst-by-burst basis, the gain setting was adjusted to the situation where the orthogonal user C2 is in DTX and the input signal was quantized accordingly. Then, in floating point, the signal was amplified by an amount corresponding to the power increase (SCPIR dependent) when the orthogonal user returns from DTX and the signal was re-quantized, using the gain setting from before the power increase (potentially resulting in signal clipping).
The simulations in Figure 1 – Figure 3 were made using the AHS5.9 codec. A typical urban channel profile, terminal speed 3 km/h (TU3) and ideal frequency hopping (FH) in the 900 MHz band was used for the DL simulations. Typical Rx impairments were included in the simulations. Simulation results are provided for sensitivity and the MTS1 and MTS2 interference scenarios – the external interference was QPSK modulated in order to reflect the interference in a VAMOS network. TSC pair 5 was used for the simulations. The alpha value/SCPIR level was estimated by blind detection in the terminal. The alpha values/SCPIR levels simulated were taken from [3]. The amount of simulated speech frames for each simulation point was 20 000. 
The plots in Figure 1 – Figure 3  display FER as a function of Eb1/N0 or C1/I1 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, measured relative to the solid black reference curve (SCPIR=∞). The resolution on the X-axis equals 2 dB per tick. 
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Figure 1: DL Sensitivity performance of a VAMOS level II terminal both with and without DTX of the other subchannel user for various SCPIR levels. The performance is relative to SCPIR = ∞ dB.
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Figure 2: DL QPSK Co-channel interference (MTS1) performance of a VAMOS level II terminal both with and without DTX of the other subchannel user for various SCPIR levels. The performance is relative to SCPIR = ∞ dB.
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Figure 3: DL QPSK Mixed interference (MTS2) performance of a VAMOS level II terminal both with and without DTX of the other subchannel user for various SCPIR levels. The performance is relative to SCPIR = ∞ dB. 
3. Discussion
From the results in Figure 1 – Figure 3 it is seen that a VAMOS level II terminal that utilizes the received signal power on both the subchannels in the bit detection process (i.e. joint detection) will experience an improvement in FER performance when the other subchannel user enters DTX when option 2) is used for the transmitted power to the remaining user. Hence, an improved performance will result for the remaining user regardless of whether option 1) or option 2) is selected for DTX.
It is noted that the performance gain for the remaining subchannel user when the other subchannel user enters DTX is larger the lower the SCPIR for the remaining user immediately before DTX. The larger the SCPIR for a subchannel user the closer the performance to SCPIR=∞ (as indicated by the results in Figure 1 – Figure 3) and hence the lower the gain from the other subchannel user going into DTX.
The abrupt decrease in the level of total received signal power (leading to a brief decrease in resolution) due to DTX option 2) when the orthogonal user enters DTX will not be a problem for the terminal as even an 18 dB decrease in power level will not lead to a significant performance loss until the AGC mechanism has adjusted itself to the reduced power level.

The abrupt increase in the level of the received signal power at the terminal when the orthogonal user returns from DTX according to option 2) (leading to a brief period with an increased risk of signal clipping) may lead to a significant, negative performance impact for a SCPIR of -14 dB, very little performance impact for a SCPIR of -12 dB and no performance impact for a SCPIR of -9.5 dB, given the AGC mechanism settings assumed in these simulations. However, other implementations may lead to different impacts.
For terminals that support GPRS DTM multislot configurations, section 10.2.2 of [2] indicates that the requirements in 3GPP TS 45.005 must be fulfilled if the variation in transmit power from the BTS is within 10 dB. Hence such terminals can be assumed to have AGC mechanism settings that can handle an abrupt increase in the level of the received signal power of up to 10 dB without impact on terminal performance. A 10 dB power increase corresponds to the maximum relative power increase when the orthogonal user C2 returns from DTX according to option 2) and user C1 has a SCPIR of -9.5 dB. 
4. conclusion

The simulations in this contribution have indicated that there are no transient performance problems due to AGC settling lag when one subchannel user changes DTX mode if the SCPIR is -9.5 dB or higher. Furthermore, it is pointed out that a large base of GPRS multislot capable terminals already must support differences in transmit power of up to 10 dB between bursts without impact on performance.
We therefore propose to limit the extreme SCPIR between two orthogonal VAMOS sub-channel users to ±9.5 dB or less (e.g. to ±7.7 dB) as this will ensure that a large base of current terminal implementations may be updated to support of VAMOS level II without changes required to the AGC mechanism.
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