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1. Introduction

The AQPSK modulation technique presented in the VAMOS Technical Report [2] and introduced in the VAMOS WID [1] supports a sub-channel power imbalance, SCPIR, between the two sub-channels of a VAMOS allocation. At a SCPIR of 0dB AQPSK equals QPSK modulation while it approaches BPSK modulation as SCPIR grows beyond 14dB. As one of the VAMOS users in a VAMOS pair enters DTX the AQPSK modulation is reduced to GMSK modulation.
In the VAMOS WID [1] two different support levels for VAMOS aware mobiles are introduced. VAMOS I mobiles shall be based on legacy DARP phase I architecture, i.e. SAIC, while VAMOS II mobiles shall support advanced receiver algorithms. Depending on the choice of architecture selected for the VAMOS II mobile an explicit modulation detection module might have to be implemented at the front end of the demodulator. Concerns have been raised in [3] that this detection will compromise the performance of the VAMOS II mobiles. This contribution will address these concerns and show that it is possible, with simple means, to implement a robust modulation detection module that guarantees a robust performance of two different types of VAMOS II architectures, regardless of carrier modulation. 
The document is an update of [6] with additional simulation results added for the Hilly Terrain propagation condition.
2. VAMOS II Mobile based on Joint Detection
2.1. Receiver architecture
In [3] a VAMOS II mobile type is discussed that detects modulation and adaptively utilizes a VAMOS I or VAMOS aware Joint Detection, VJD, receiver algorithm depending on detected modulation. It can typically be assumed that a VAMOS I algorithm performs better at GMSK and AQPSK carrier modulations with positive SCPIRs above a certain threshold, SCPIRTh, while VJD performs better for AQPSK carrier modulations with SCPIRs below the same threshold, i.e. at QPSK like constellations and at negative SCPIRs. 
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Figure 1 VAMOS II receiver architecture utilizing VAMOS Joint Detection and VAMOS I receiver algorithms.
A VAMOS II DL receiver based on the receiver scheme discussed in [3] and illustrated in Figure 1 has been implemented to test the concerns expressed in [3]. The modulation detection algorithm was reused from the investigation presented in [4], while the VJD and VAMOS I modules corresponds to VJD and VAMOS I receivers utilized in earlier VAMOS studies. No effort was made to improve or tune the modulation detector and only little time was invested to match the outputs from the two receiver implementations. Note that the VJD receiver does not equal the SAM receiver presented in [2], nor does it utilize the interference cancellation algorithms introduced by SAM..
2.2. Simulations
The performance of the VAMOS II receiver of Figure 1 was simulated for a set of SCPIRs, and compared with the performance of the mentioned VAMOS I and VJD receivers. The VAMOS II receiver will eventually experience performance degradation due to poor performance of the modulation detector. To characterize the performance degradation, the performance of the VAMOS II receiver was, at each simulated SCPIR, compared with the best performance of the VAMOS I and VJD receivers at 1% FER. This is illustrated in Figure 2 for a GMSK modulated carrier utilizing TCH/AFS4.75 channel codec.
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Figure 2 Performances of VAMOS II, VAMOS I and VJD mobiles when demodulating a GMSK carrier exposed to MTS2 interference. The resolution on the C/I axis is 1dB per tick.
To capture relevant results both GMSK and AQPSK modulate carriers, exposed to GMSK modulated MTS2 interference were simulated. Results were derived both for TCH/AHS5.90 and TCH/AFS4.75. The important simulator settings are presented in Table 1.
	Parameter
	Value

	Link direction
	Downlink 

	Carrier modulation
	GMSK and AQPSK including SCPIRs 12, 9, 6, 3, 0, -3, -6, -9, -12.

	Interferer modulation
	GMSK

	Speech codec
	TCH/AFS4.75, TCH/AHS5.90

	Channel profile
	Typical Urban (TU)

Hilly terrain (HT)

	Terminal speed
	3 km/h (TU)
100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)
No (HT)

	DTX
	No

	Scenario
	Interference limited MTS-2

	Receiver type
	VAMOS II, VAMOS I, VJD

	Frequency offset external interferers
	Normal distribution [Hz]

N(50,17)

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dB]

  -   / 25   [Hz]

Yes/   -


Table 1 Simulation assumptions.

2.3. Results

The derived degradations for each simulated SCPIR are presented in Figure 3. The worst performance degradation equals 0.3dB, and is seen for positives SCPIRs and GMSK modulated carrier. From Figure 3 it can be concluded that the degradation decreases with decreasing SCPIR and that almost no degradation is observed for negative SCPIRs.
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Figure 3 Performance degradation of VAMOS II receiver due to modulation detection. The presented degradation is rounded to the closest decimal value in dB.
3. VAMOS II Mobile based on S-MIC

3.1. Receiver architecture
In [3] it was highlighted that performance of GMSK modulated carriers demodulated by a VAMOS II mobile, dependent on modulation detection, might be penalized by sub-optimal detector performance. This assumption has been tested with a VAMOS II mobile based on the S-MIC receiver architecture.
3.2. Simulations
The performance of the S-MIC VAMOS II mobile was simulated for a GMSK modulated carrier exposed to GMSK modulated MTS-1 interference. Simulations were performed for channel codec’s TCH/AFS and AHS4.75 as well as for TCH/AFS and AHS5.90.
The simulation assumptions are summarized in Table 2. 
	Parameter
	Value

	Link direction
	Downlink 

	Carrier modulation
	GMSK 

	Interferer modulation
	GMSK

	Speech codec
	TCH/AFS4.75, TCH/AHS4.75, TCH/AFS5.90, TCH/AHS5.90

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Yes, Ideal

	DTX
	No

	Scenario
	Interference limited MTS-1

	Receiver type
	VAMOS I, VAMOS II based on

S-MIC


Table 2 Simulation assumptions.
3.3. Results

The simulated performance is depicted in Figure 4 and Figure 5, where the performance of the VAMOS II mobile shall be compared with the performance of the VAMOS I mobile. Figure 4 and Figure 5 shows that practically no performance difference, i.e. no VAMOS II degradation, can be observed between the two mobile types.
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Figure 4 Performances of VAMOS II, based on S-MIC, and VAMOS I mobiles when demodulating a GMSK carrier exposed to MTS1 interference. The resolution on the C/I axis is 1dB per tick.
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Figure 5 Performances of VAMOS II, based on S-MIC, and VAMOS I mobiles when demodulating a GMSK carrier exposed to MTS1 interference. The resolution on the C/I axis is 1dB per tick.
4. Conclusions

In this contribution, the performances of two different VAMOS level II mobile architectures, that are dependent on modulation detection, have been presented. It is shown that the modulation detection introduces little or no degradation on the VAMOS II performance. In addition, it is expected that the degradation presented, e.g. in Figure 3, can be minimized as the receiver algorithms are tuned.
Finally it must be emphasized that these results are only valid for VAMOS II implementations that require a modulation detector. 
The performance of the SAM receiver, presented in [2], has not been investigated in this contribution. It is for further studies to determine if SAM requires an explicit modulation detector or not, and if this will have an impact on performance.
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