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Effect of Frequency Offsets in the Link Performance of MUROS UL
1 Introduction

A Successive Interference Cancellation (SIC) receiver for UL MUROS was proposed in ‎[1]. The simulations and complexity estimates in [2] show that a SIC receiver offers a good trade off between complexity and performance. 

The working assumptions for MUROS ‎[3] state that the external interference and paired sub-channel shall have a frequency offset distributed according to a N(100 Hz, 17 Hz) distribution. No frequency offset is assumed for the carrier. However, typical frequency offsets from one mobile vendor indicate that the frequency offsets (in the 900 MHz band) are of the order of 40 Hz. Thus, a mean frequency offset of 100 Hz for the paired sub-channel is too pessimistic, while a frequency offset of 0 Hz for the wanted sub-channel is too optimistic.
The effect of different frequency offsets upon the performance of a SIC receiver is investigated. It is shown that frequency offsets in the order of 100 Hz may reduce significantly the link performance whenever the paired sub-channel is more than 10 dB stronger than the wanted sub-channel.  
2 Simulation Results
2.1 Simulation assumptions
The simulation assumptions are shown in Table 1. The reference receiver is a legacy GMSK MRC receiver. 

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)

	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.
	


The wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. Two sets of frequency offsets are used. The first, according to the MUROS working assumptions, has frequency error 0 for C1 and N(100Hz, 17 Hz) for C2 and interference (continuous lines in the plots below). The second has a frequency error N(-40Hz, 10Hz) for C1 and N(+40 Hz, 10 Hz) for C2 and interference (dashed lines in the plots below). 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 is depicted on the left hand side (C=C1+C2), while the wanted sub-carrier to interference ratio C1/I is depicted on the right hand side.
2.2 Performance Plots
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             Figure 1: Performance comparison between different frequency error combinations, full rate codec.
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Figure 2: Performance comparison between different frequency error combinations, half rate codec.
For a SCPIR = -15 dB (i.e. wanted sub-channel 15 dB weaker than paired sub-channel) the difference in performance between the two sets of frequency offsets is about 3 dB for AFS5.90 and more than 8 dB for AHS 5.90 @ 1% FER. This shows that when the SCPIR is large, any inaccuracies in the reconstruction of the strongest sub-channel have a large impact on the performance of the demodulator for the weakest sub-channel. 
3 Conclusions

It has been shown that frequency offsets of the order of 100 Hz (in the 900 MHz band) for the  paired sub-channel may degrade substantially the performance of the SIC receiver. However, this value for the frequency offset may be too pessimistic. Typical frequency offsets from one mobile vendor indicate that the frequency offsets (in the 900 MHz band) are well modelled by a Gaussian random variable with mean 40 Hz and standard deviation 10 Hz. 

In order to perform realistic simulations, it is suggested to update the MUROS working assumptions. Frequency offsets with distribution N(-40 Hz,10 Hz) for the wanted sub-channel and N(40 Hz,10 Hz) for the paired sub-channel are suggested (900 MHz band).
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