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Signalling VAMOS mode in downlink
1. Introduction

The WID for VAMOS prescribes two MS support Levels for VAMOS [2]. All VAMOS aware terminals have to indicate their support level to the network in order for the network to exploit the capacity to the highest extent.
This contribution discusses why DL signalling indicating VAMOS mode for a call or VAMOS capability of the network in general should as a minimum be specified for the VAMOS level II capable terminals. A DL indication of VAMOS will ensure that the L1 performance of the VAMOS level II capable terminals is on par with the DARP L1 performance when the terminal is operating in a non-VAMOS capable network and/or when the voice call is in non-VAMOS mode. 

This contribution presents simulation results showing the VAMOS level II implications in non VAMOS mode due to blind SCPIR detection. Furthermore it is shown how minor blind detection errors impact the VAMOS level II terminal performance when operating in non-VAMOS mode.
2. VAMOS level II terminal implications in non-VAMOS mode 
The VAMOS level II terminals basically detect both user data streams either jointly (through a joint detection receiver – see [8], [9]) or successively (using a SIC architecture – see [7]) in order to achieve a desired performance when operating in a VAMOS network e.g. as the scenarios modelled with the interference models MTS1-4 specified in [3].

A VAMOS level II terminal in general needs to blindly detect and compensate for the applied SCPIR on the fly in order to work properly. 
Without any VAMOS DL signalling the VAMOS level II capable terminals will have to perform the SCPIR detection (a.k.a. alpha detection) no matter whether the terminal is active in a VAMOS network or in a non-VAMOS network (i.e. for all GSM GMSK modulated voice services as well). Since the SCPIR detection basically is a modulation detection, this means that VAMOS level II capable terminals will be required to have a GMSK-AQPSK modulation detector running for all speech services no matter whether it is operating in a VAMOS network or in a non-VAMOS network.
In networks that do not support VAMOS, this is believed to be a critical issue, since blind SCPIR detection will impact the DARP phase 1 operation in the VAMOS level II capable terminals. Even within a VAMOS capable network it is unlikely that all the speech calls are in VAMOS mode. Hence, even in VAMOS aware networks, the VAMOS level II capable terminals would benefit from running in DARP phase I mode for all non-VAMOS speech calls as well.

Hence, operation in the DARP phase I mode is foreseen to be required in the VAMOS level II capable terminals. Some of these terminals may never be operating in VAMOS mode if they never move into a VAMOS network during their "life time". 

The blind SCPIR detection is found to be quite accurate, but no blind detection is perfect.  The next section shows how small errors in the blind SCPIR detection in the VAMOS level II capable terminals severely impact the already known and reliable DARP phase I receiver performance. The reason that minor detection errors impact the known DARP performance severely is that the DARP receivers are highly optimised to operate in GMSK environments. An erroneous SCPIR detection basically corresponds to an erroneous modulation detection - and assuming the wrong modulation in the GMSK optimised receiver has a significant impact.
3. Downlink Performance Results 
This section presents two sets of performance results i.e. frame erasure rate (FER) as a function of Eb/No and alpha blind detection accuracy in case of GMSK DL modulation.

3.1 Simulation Setup
The simulations are performed for reference sensitivity according to 3GPP 45.005, with traditional GMSK modulated AMR. 
3.1.1 Applied terminals

DARP phase I receiver (reference)

The legacy DARP receiver used for reference in this contribution is a DARP phase I capable terminal. 

VAMOS level II receiver
The VAMOS level II receiver applied in this contribution is based on joint detection, for which the blind SCPIR detector is requried. The SCPIR detector in this receiver also runs when the VAMOS level II receiver operates in a non-VAMOS mode i.e. in conjunction with the DARP receiver mode of operation.

3.2 Other Simulation Parameters

A typical urban channel profile, terminal speed 50 km/h (TU50) and without frequency hopping (nFH) in the 1800 MHz band have been used, as well as a hilly terrain, terminal speed 100 km/h (HT100) and without frequency hopping (nFH) in the 1800 MHz band. 

Typical MS RF impairments are included in the simulations.
3.3 VAMOS level II performance when operating in non-VAMOS mode

This section presents the blind SCPIR detector performance impact on a VAMOS level II terminal operating in non-VAMOS mode. The performance is presented for TCH/AFS 12.2, when traditional GMSK modulation is applied for DL. 
The value included in the legends indicates the VAMOS level II performance degradation @ 1 % FER crossing compared to the legacy DARP phase 1 performance. 

[image: image1.emf]                 

10

-3

10

-2

10

-1

10

0

Sens, TU50nfh1845, TCHAFS122

E

b

/N

0

  [dB]

Frame Erasure Rate

 

 

DARP Phase 1 (Ref)

VAMOS Level II (0.4 dB)


Figure 1: FER performance for a legacy DARP Phase 1 terminal vs FER performance of a VAMOS level II capable terminal, when receiving a traditional GMSK modulated AFS12.2 signal over a TU50 channel on the 1800 MHz band. 
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Figure 2: FER performance for a legacy DARP Phase 1 terminal vs FER performance of a VAMOS level II capable terminal, when receiving a traditional GMSK modulated AFS12.2 signal over a HT100 channel on the 1800 MHz band.
As observed from the FER plots presented in this section, the blind SCPIR detection introduces L1 performance degradations in the order of 0.4 – 0.7 dB for the VAMOS level II terminals when these are operating in a non-VAMOS mode. 

3.4 Alpha Blind Detection Accuray 
This section presents histograms of the actual detected alpha in a VAMOS level II terminal when the transmitted signal is GMSK modulated. The Eb/N0 level used for these sensitivity simulations corresponds to the level where the legacy DARP phase I performance crosses 1 % FER for AFS12.2 in the actual scenarios. The 1 % FER operation point was determined from the FER plots presented in the previous section.
A total of 50000 bursts have been used for the following histograms for a fixed Eb/No level when the VAMOS level II capable terminal receives a GMSK modulated AFS12.2 signal, in both the TU50nfh (Figure 3) and HT100nfh (Figure 4) channel profiles. A detected alpha value around 
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 corresponds to GMSK being detected by the VAMOS level II terminal and thereby satisfying the optimal conditions for the DARP phase I receiver. However, it can be seen from the figures that there is a non-zero probability of detecting alpha values further away from 
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 when the transmitted signal is GMSK modulated. Although this probability of false detection of alpha is relatively small, it still has a noticeable impact on the DARP phase I performance of the receiver as shown in the previous section. 
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Figure 3: Alpha detection histogram for TU50nfh1845,  Eb/No corresponding to 1% AFS12.2 FER level for legacy DARP phase 1. 
From Figure 3, it can be seen that the blind alpha detector correctly estimates the received burst to be GMSK (alpha = 
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) in the vast majority of the cases. However, there is still a non-zero probability that other alphas are detected in the receiver. 
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Figure 4: Alpha detection histogram for HT100nfh1845, Eb/No corresponding to 1% AFS12.2 FER level for legacy DARP phase 1. 

From Figure 4 it can again be seen that the probability of detecting other alphas than alpha = 
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 when the transmitted signal is GMSK modulated is not negligible and this has a direct impact on the performance as shown in the previous section. 

Further histograms have been created by testing the alpha detection performance at low SINRs. As an example the result from where the DARP phase I receiver crosses 1% AFS4.75 FER for DTS2 interference is displayed in Figure 5 below. 
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Figure 5: Alpha detection histogram for TU50nfh1845, C/I corresponding to 1% AFS4.75 FER level for legacy DARP phase 1 in interference limited scenario (DTS-2).
4. PErformance summary and discussion
From the simulation results in the sections above it can be seen that there is a non negligible performance loss for the VAMOS level II capable terminal when operating in a non-VAMOS mode, when comparing to the DARP phase I performance. 
· It was shown that the accuracy of the alpha detection depends on the channel environment i.e. for TU/HT etc 
· It was also shown how a low level of detection errors in the blind alpha detection leads to a significant performance degradation in terms of FER. For the TU channel the impact of the alpha detection was in the order of 0.4 dB, whereas for the HT channel the impact was in the order of 0.7 dB. It is essential to note that these performance degradations were observed at the Eb/No level for which the legacy DARP terminal had the 1% FER crossing point. 
5. Proposal
In order to avoid the VAMOS level II capable terminal performing blind detection of SCPIR when in non-VAMOS mode, it is proposed to introduce signalling in downlink to indicate VAMOS mode.
At the GERAN Adhoc, options to signal the VAMOS mode in downlink have been highlighted [10]. However, signalling options in downlink need not be restricted to only these. Further discussion regarding this could be encouraged in WG2 as well. However, we recommend that WG1 endorse the need for downlink VAMOS mode signalling as proposed in this discussion document. 
6. CONCLUSION
Without any VAMOS DL signalling the VAMOS level II capable terminals will have to perform the blind SCPIR detection (a.k.a. alpha detection) no matter whether the terminal is active in a VAMOS network or in a non-VAMOS network (i.e. for all GSM GMSK modulated voice services as well). Since the SCPIR detection basically is a modulation detection this means that a VAMOS level II capable terminal will be required to have a GMSK-AQPSK modulation detector running for all speech services i.e. the blind detection will impact the current DARP phase I performances as well which is considered to be unacceptable.
In general, the more optimised the DARP phase-I receiver is, the lower the SINR levels it is likely to operate in. Inevitably modulation or alpha detection is likely to have higher impacts at these very low SINR levels. Impacts could be different based on the optimisations in the DARP phase I receiver. However, we expect our DARP phase I receivers to be working in even very low SINR conditions under certain scenarios (for instance C/Is as low as –30 dB etc). Under these extreme circumstances, having modulation detection would inevitably have some impact on the receiver performance and this should be avoided. 
A simple signalling mechanism to indicate downlink VAMOS mode is hence strongly recommended in order to avoid the undesirable impacts to the DARP phase I performance in VAMOS level II capable terminals operating in non-VAMOS mode. 
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