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1 Introduction

A Successive Interference Cancellation (SIC) receiver for MUROS UL was proposed in ‎[1]. The SIC receiver is a good choice in terms of complexity and performance. In order to be able to implement MUROS in legacy hardware the complexity of the MUROS receiver in the BTS cannot be much larger than the complexity of the current receiver. Some preliminary performance results for a SIC receiver have been shown in ‎[2].
The link performance of a SIC receiver is evaluated in this contribution. Simulations for the AFS 5.9, AHS 5.9 and AFS 12.2 codecs have been performed. All MUROS test scenarios (MTS 1-4) have been simulated.
2 Simulation Results
Simulations have been performed in order to evaluate the performance of a SIC receiver. The receiver has been systematized as suggested in ‎[1]. The interference cancellation algorithms are based on spatio-temporal IRC. 
2.1 Simulation assumptions
The reference receiver is a legacy GMSK MRC receiver. The wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. The two columns in the plots show the results of the same simulations. The difference is in the scale of horizontal axis. The total carrier to interference ratio (C/I, where C=C1+C2) is shown on the left hand side, while the sub-carrier to interference ratio C1/I is depicted on the right hand side.
The simulation assumptions are shown in Table 1 below.
Table 1. Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3, 50 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference modulation
	GMSK

	Antenna diversity
	Yes

	Receiver type
	SIC, spatio-temporal IRC.

	Interference/Noise
	MTS-1 model

	Rx filter

· Bandwidth

· RRC rolloff
	RRC1
   240 kHz

   0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]



	Note 1: The 3 dB bandwidth of the RRC filter.


2.2 Performance Plots

The performance has been normalized so that the reference receiver reaches 1% FER @ 0 dB.
2.2.1 MUROS Test Scenarios
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Figure 1: MTS-1, TCH/AFS5.90, Tu3
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          Figure 2: MTS-1, TCH/AFS5.90, Tu50
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Figure 3: MTS-2, TCH/AFS5.90, Tu3
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        Figure 4: MTS-2, TCH/AFS5.90, Tu50
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          Figure 5: MTS-3, TCH/AFS5.90, Tu3
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    Figure 6: MTS-3, TCH/AFS5.90, Tu50
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          Figure 7: MTS-4, TCH/AFS5.90, Tu3
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        Figure 8: MTS-4, TCH/AFS5.90, Tu50
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                         Figure 9: MTS-1, TCH/AHS5.90, Tu3
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       Figure 10: MTS-1, TCH/AHS5.90, Tu50
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          Figure 11: MTS-2, TCH/AHS5.90, Tu3
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       Figure 12: MTS-2, TCH/AHS5.90, Tu50
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       Figure 13: MTS-3, TCH/AHS5.90, Tu3
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      Figure 14: MTS-3, TCH/AHS5.90, Tu50
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       Figure 15: MTS-4, TCH/AHS5.90, Tu3
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  Figure 16: MTS-4, TCH/AHS5.90, Tu50
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          Figure 17: MTS-1, TCH/AFS12.2, Tu3
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        Figure 18: MTS-1, TCH/AFS12.2, Tu50
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          Figure 19: MTS-2, TCH/AFS12.2, Tu3
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     Figure 20: MTS-2, TCH/AFS12.2, Tu50
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         Figure 21: MTS-3, TCH/AFS12.2, Tu3
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    Figure 22: MTS-3, TCH/AFS12.2, Tu50
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         Figure 23: MTS-4, TCH/AFS12.2, Tu3
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       Figure 24: MTS-4, TCH/AFS12.2, Tu50

2.2.2 Sensitivity
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Figure 25: sensitivity, AFS5.90, Tu3iFH
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Figure 26: sensitivity, AFS5.90, Tu50iFH
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Figure 27: sensitivity, AHS5.90, Tu3iFH
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Figure 28: Sensitivity, AHS5.90, Tu50iFH
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Figure 29: sensitivity, AFS12.2, Tu3iFH
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Figure 30: sensitivity, AFS12.2, Tu50iFH

3 Discussion

It was agreed at GERAN#38 to evaluate MUROS DL and UL performance in terms of sub channel powers to interference/noise ratio, i.e. accumulate powers from all subchannels to define the SINR, see ‎[4]. In this contribution, a SINR definition of the wanted sub channel to interference / noise (C1/N alt. C1/I) has also been used in the evaluation, i.e. that the carrier power defines the power transmitted by the MS on the wanted sub channel. It is the view of the sourcing company that this is a more suitable definition of SINR for the UL evaluation.
The performance of MUROS compared to a legacy reference will be greatly impacted by the choice of legacy receiver. An MRC receiver was assumed in this contribution. An IRC receiver is expected to outperform the MRC receiver with several dBs and thus result in larger performance degradation for MUROS. GERAN is encouraged to agree on a working assumption for the UL receiver to be used in the link level and system level evaluation.
4 Conclusions

Uplink performance results for the MUROS test scenarios have been presented. All the simulations have been carried out using a SIC receiver.
In general there is little difference in performance (for both reference and SIC) between the cases with MS speed of 3 km/h and 50 km/h. The performance in the MTS-2 (synchronous, multiple interferers) and MTS-4 (asynchronous, multiple interferers) test cases is also very similar, for both reference and SIC receivers.
In most test cases the performance of the weakest sub-channel is inferior to the performance of the reference MRC receiver at 1% FER. The degradation is between 2 and 6 dB (when comparing C1/I) for a sub-channel power imbalance ratio less than or equal to 10 dB. Since a legacy IRC receiver exhibits much better performance than an MRC receiver in interference scenarios, the degradation with respect to a legacy IRC receiver can be very large, roughly from 6 to 20 dB, depending on the IRC algorithms and the test case. GERAN is engouraged to agree on a common working assumption for the UL receiver to be used in link level and system level evaluations.
In a sensitivity scenario, the degradation in terms of C1/N at SCPIR > -10 dB is about 2 dB for the AFS 5.9 codec @ 1% FER. For AHS 5.9 the degradation is around 5 dB.
Both C1/I and (C1+C2)/I were used in the performance evaluation. C1/I was found to be more suitable to evaluate the MUROS UL performance. Thus, it is proposed to change the current SINR definition of MUROS UL to C1/I (alternatively C1/N for noise limited scenarios).
From these performance results it can be concluded that system simulations are essential in order to evaluate the eventual gains of MUROS UL. The reference receiver algorithms used in the BTS (i.e. IRC/MRC) will play an important role in the evaluation of the system simulations.  

Finally, it is seen that for a SCPIR=-15 dB the performance of the SIC receiver is significantly degraded.  This is due to the assumption of a frequency offset with mean 100 Hz for the paired sub-channel. It is suggested to change this mean value of the frequency offset in order to make the simulations more realistic. A full discussion is given in ‎[3].
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