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1 Introduction

Successive interference cancellation (SIC) receivers have been proposed for the OSC/MUROS uplink, which can be understood as a 2x2 MIMO scheme with 2 users transmitting on separate antennas [1]. To take benefit from dual receive antennas available in a typical BTS, SIC can be combined with diversity interference cancellation techniques for MUROS uplink receiver implementations [2]. Contrastingly, the MUROS downlink signal is typically sent from a single BTS antenna to both users and received by a single receive antenna in each MS. This situation is expected to persist in the future, at least for the vast majority of phones used by billions of worldwide GSM subscribers. As a result, the downlink is supposed to remain the limiting factor in network planning also with MUROS, even though the signals for both users are transmitted orthogonally to facilitate their separation.
For the MUROS downlink, single antenna interference cancellation (SAIC) as defined by DARP phase 1 capability is already performing quite well to demodulate the MUROS sub channel based on a legacy training sequence [4]. For MUROS specification, the VAMOS work item [8] approved at GERAN #40 foresees the definition of two different levels of VAMOS support in new MS. While a first class requires only support of new training sequences in addition to DARP phase 1 capability using SAIC, a second class shall provide more advanced receiver performance specifically for the MUROS/VAMOS downlink signal.

In this contribution, the ST-NXP solution of SAIC called mono interference cancellation (MIC) technology is combined with SIC techniques to achieve advanced VAMOS downlink receiver performance (S-MIC). This combination is advantageous especially for downlink power control by adaptive signal constellation, which is foreseen for VAMOS specification. Additionally S-MIC shows significant performance improvements in the case of sensitivity. 
Both classes of VAMOS capable terminals (MIC and S-MIC) have been simulated for MTS-1, MTS-2 and sensitivity scenarios based on AFS 12.2, AFS 5.9, AHS 7.95 and AHS 5.9 channels. 
2 Simulation assumptions

Simulations have been performed to evaluate the performance of
· MIC / SAIC (red curves),
· S-MIC (blue curves), 
· conventional GMSK equalizer without MUROS (black curves for reference).
The simulation assumptions are summarized in Table 1.

Table 1: Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	TSC allocation
	User subchannel C1: legacy TSC0 (wanted signal)
User subchannel C2: new TSC0 from [1]

	Interference
	MTS-1 and MTS-2 model

	Interference modulation
	GMSK

	MUROS SCPIR
	0, -4, -8 dB

	C/I 
	Power of wanted user C1 / dominant external interferer power I1 or 
Power of total signal C / dominant external interferer power I1

	Frequency offset
	Not relevant for MIC in DL

	Used Codecs
	TCH/AFS 12.2, AFS 5.9, AHS 7.95 and AHS 5.9

	Antenna diversity
	No

	Receiver type
	-  MIC / SAIC 

-  S-MIC (successive MIC)

	Receiver implementation
	Fixed-point

	Frequency offset compensation
	Timeslot-based, no outer compensation loop

	Simulation time
	200 sec (40 000 timeslots) per point

	Rx filter Bandwidth
	240 kHz (3 dB bandwidth)

	Rx-Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– Noise figure 
	 2.0   [degrees (RMS)]

 0.2   [dB]

 1.5   [degrees]

 8      [dB]


3 Simulation Results

FER performance results are shown versus two different carrier-to-interference ratio definitions. Either the wanted sub channel power C1 or the total carrier power C = C1 + C2 of the MUROS downlink signal is considered as the carrier power. In both cases, the interference is defined as the dominating interferer power I1 (in case of MTS-1 this is the total external interference power I = I1, while the other external interferer contributions of the MTS-2 model increase I according to I / I1 = 0.6 dB [5]). 
· The plots FER versus C1/I1, which are all positioned on the left hand side in the following pairs of plots in sections 3.1 and 3.2, in fact disregard the internal interference power by the second sub channel C2 [3].

· The performance plots on the right hand side are based on the same simulations, but are depicted FER versus C/I1, and show the fraction C2 of carrier power C, which does not contribute to the wanted signal for user 1, as an additional degradation [4]. 
Also sensitivity results are shown versus two different signal-to-noise ratio definitions. Either the wanted symbol energy Eb of sub channel C1 or the total symbol energy Es of the total carrier power C = C1 + C2 is considered [6].
For reference purpose, the performance of a conventional equalizer for legacy GMSK case C = C1 is shown in both plots. Furthermore, the reference performance requirements from TS 45.005 for non-DARP capable MS are marked (in case of MTS-2 the reference interference level is increased by 0.6 dB on the C1/I1, resp. C/I1 scale).
Comparison between results for MTS-1 and MTS-2 interference scenarios does not show really strong dependency of the receiver performance on the interference type. Also the impact of interferer modulation type is expected to be rather limited based on previous analyses for MIC [4]. 
	3.1    MTS-1
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	Figure 1: MTS-1 for AFS 12.2, power C1

	Figure 2: MTS-1 for AFS 12.2, power C
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	Figure 3: MTS-1 for AFS 5.9, power C1

	Figure 4: MTS-1 for AFS 5.9, power C
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	Figure 5: MTS-1 for AHS 7.95, power C1

	Figure 6: MTS-1 for AHS 7.95, power C
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	Figure 7: MTS-1 for AHS 5.9, power C1

	Figure 8: MTS-1 for AHS 5.9, power C

	3.2    MTS-2
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	Figure 9: MTS-2 for AFS 12.2, power C1

	Figure 10: MTS-2 for AFS 12.2, power C
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	Figure 11: MTS-2 for AFS 5.9, power C1

	Figure 12: MTS-2 for AFS 5.9, power C
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	Figure 13: MTS-2 for AHS 7.95, power C1

	Figure 14: MTS-2 for AHS 7.95, power C
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	Figure 15: MTS-2 for AHS 5.9, power C1

	Figure 16: MTS-2 for AHS 5.9, power C


	3.3    Sensitivity 
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	Figure 17: Sensitivity for AFS 12.2, power C1

	Figure 18: Sensitivity for AFS 12.2, power C
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	Figure 19: Sensitivity for AFS 5.9, power C1

	Figure 20: Sensitivity for AFS 5.9, power C
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	Figure 21: Sensitivity for AHS 7.95, power C1

	Figure 22: Sensitivity for AHS 7.95, power C
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	Figure 23: Sensitivity for AHS 5.9, power C1

	Figure 24: Sensitivity for AHS 5.9, power C


4 Conclusions

The simulation results show that for a first level of VAMOS capability the MIC / SAIC receiver performs quite well. When compared based on wanted signal power C1, some degradation occurs for the weaker sub channel. With an advanced successive MIC receiver (S-MIC), this degradation of the weaker sub channel can mostly be avoided, and also the baseline performance for equally strong sub channels can be improved. The performance improvement is observed consistently for the interference scenarios MTS-1, MTS-2 and also for sensitivity. In summary, S‑MIC provides well advanced receiver performance for a second level of VAMOS capability. 

The results presented in this paper have been all achieved in fixed point implementation with reasonable complexity. The S-MIC complexity is about 2.5 times higher than for MIC and could also be scaled up or down especially regarding the SIC component. The complexity is supposed affordable in a typical modern MS by SW implementation. Therefore the second level of VAMOS capable MS as defined in the WID is deemed feasible.

Taking into account the total carrier power C = C1 + C2 of the MUROS signal, the downlink power is shared by 2 users and especially the performance of the weaker sub channel C1 degrades in a natural way when reducing C1/C2. However, especially with the advanced successive MIC (S‑MIC) receiver, the degradation is basically limited to this natural degradation by reduction of downlink transmit power. For equal power of C1 and C2, only 3 dB are unavoidably lost by power splitting and the interference performance for MUROS signals is not far from the original reference interference performance of the GSM system before introduction of SAIC. This comparison shows the tremendous benefit from MUROS for upgrading existing networks, as already been shown before [4]. The further improvements by SIC methods fit very well with downlink power control by adaptive signal constellation. It is proposed that simulation results presented in these papers and a discussion on system benefit for upgrading existing networks should be included in the TR [7].
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