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1 Introduction
Concept description of co-TCH proposal for MUROS is already incorporated into the TR [1].

This document provides link level simulation results for configurations agreed in the TR.

2 Link Level Performance
The performance of a DARP Phase 1 receiver is evaluated under the various configurations defined in the TR [1]. The legacy training sequence set and the NSN training sequence set was used in these simulations. A MUROS capable mobile is assumed to support new training sequence codes, in this case the new TSC set proposed in [2]. The legacy DARP Phase 1 mobile is assumed to support the legacy TSC set.
2.1 Configuration for link level simulations
The simulation configuration for MTS and sensitivity scenarios is shown in Table 1 below. In this configuration both co-TCH users have the same power level. 
	Parameter
	Value

	MUROS Test Scenario
	MTS-1, MTS-2, MTS-3, MTS-4 and Sensitivity

	TSC
	NSN 4 and Legacy 4

	Audio Codec
	GSM HR, GSM FR, AFS 12.2, AFS 5.9 and AHS 5.9

	Frequency Hopping
	Ideal Hopping and without hopping

	Propagation environment
	TU3 and TU50

	DTX
	Not used

	Interferer Modulation
	GMSK


Table 1 Link level simulation configuration for MTS scenarios
2.2 Sensitivity performance
The link level sensitivity performance of MUROS (two user relative power of 0dB) is shown with and without ideal frequency hopping where it applies. However it should be noted that with restricted bandwidth the frequency hopping improvement can be far less.
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Figure 1 DARP Phase 1 mobile performance in sensitivity condition with static channel
This shows a good performance in static AWGN case, where mobile station can work in most places in a cell with conventional cell planning.


[image: image2]
Figure 2 DARP Phase 1 mobile performance in sensitivity condition with TU3 

The results show, as expected, that TU3 introduces 10dB degradation, a major impact to sensitivity performance. However ideal FH improve it by 5 to 7dB. 

[image: image3]
Figure 3 DARP Phase 1 mobile performance in sensitivity condition with TU50 

TU50 introduces 5 to 7 dB degradation and ideal FH improves by 1 dB, not as much as with TU3. 

The conclusion is that MUROS works well in static condition but will have 10dB degradation for worst fading channel which means TU3 does need frequency hopping.
2.3  MTS-1 configuration

The link level performance for MTS-1 configuration is shown in Figure 4 and Figure 5. 

[image: image4]
Figure 4 DARP Phase 1 mobile performance in MTS-1 scenario with TU3 


[image: image5]
Figure 5 DARP Phase 1 mobile performance in MTS-1 scenario with TU50 
The spec point for a DARP Phase 1 receiver with GMSK modulated signal is also shown on the second graph in Figure 5. As can be seen that the performance of a DARP Phase 1 receiver with MUROS signal is around 3-4dB worse for GSM FR, AFS5.9 and AHS5.9 codecs, which is reasonable as two services are made.
It is clear that even in MUROS mode DARP mobile can still suppress CCI by further 4 to 6 dBs compared with AWGN as in MTS-1 has coloured noise.

As expected with idel frequency hopping  the TU3 and TU50 are performing similarly well. Without frequency hopping TU3 would degrade by 6 to 10 dB, and TU50 for 2 dB.
2.4 MTS-2 configuration

The link level performance for MTS-2 configuration is shown in Figure 6 and Figure 7. 


[image: image6]
Figure 6 DARP Phase 1 mobile performance in MTS-2 scenario with TU3 


[image: image7]
Figure 7 DARP Phase 1 mobile performance in MTS-2 scenario with TU50 
The results show that MTS-2 is about 1 to 2 dB worse than AWGN, this means that when the interference type is a mix of CCIs and ACIs, it is even harder than AWGN for DARP receiver to deal with. As usual, ideal frequency hopping would provide 4 to 9 dB help in TU3 channel.
2.5 MTS-3 configuration

The link level performance for MTS-3 configuration is shown in Figure 8 and Figure 9. 


[image: image8]
Figure 8 DARP Phase 1 mobile performance in MTS-3 scenario with TU3 


[image: image9]
Figure 9 DARP Phase 1 mobile performance in MTS-3 scenario with TU50 
It has been found that MTS-3 is similar to MTS-1 for our receiver.
2.6 MTS-4 configuration

The link level performance for MTS-4 configuration is shown in Figure 10 and Figure 11. 
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Figure 10 DARP Phase 1 mobile performance in MTS-4 scenario with TU3 

It has been found that MTS-4 is similar to MTS-2 for our receiver.

[image: image11]
Figure 11 DARP Phase 1 mobile performance in MTS-4 scenario with TU50 
2.7 SACCH performance on MUROS
Signalling is an important part of MUROS operation. Figure 12 shows SACCH performance simulated with conventional and MUROS modes in static, TU50 and TU3 channels with ideal frequency hopping.
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Figure 12 DARP Phase 1 mobile SACCH sensitivity performance with static, TU3, TU50 channels and iFH
The results show that MUROS on static channel has 6 dB degradation compared with conventional case, and on TU case with ideal frequency hopping MUROS has 4 dB degradation from conventional case. 

The above simulation was performed MUROS users that have relative power level of 0dB. 

Although SACCH may be the weak link, the condition under which MUROS can perform well would require this condition anyway. 

It is clear that SACCH performance is not as good as performance of some AMR codecs. Repeated SACCH could help in this case. Other improvements may be necessary to improve SACCH performance to same level as TCH. 
3 Conclusions
This document presented the link level results for co-TCH MUROS proposal. It is clear that all the five codecs under concern can work well in co-TCH mode. 
1. MUROS mode is about 5dB more sensitive to AWGN than MTS1 (single CCI). This means that DARP can suppress another CCI even in MUROS mode. 
2. MUROS mode is 6dB sensitive to MTS2 (mixed CCIs and ACIs) than AWGN. 

3. Frequency hopping is again proved to be useful in co-TCH for the fading channel, especially TU3. It is highly recommended to use frequency hopping and DTx in MUROS mode to provide enhanced performance through user diversity. 

4. SACCH performance could be the weak link, repeated SACCH should be used with MUROS mode..
5. The required working conditions for each codec are reasonable and feasible in real networks. 
6. Among the five selected codecs, AFS5.9 performs the best and AHS5.9/AFS12.2 the worst, and GSM FS and HS are in between. The performance can vary from 4 to 9 dB under different conditions. With wider AMR choice the 1% FER point can vary 5 to 6 dB or even more. This will be useful for management of co-TCH users.
7. The link level simulation also reveals that GSM HS and FR have 1 to 2 dB difference which could be a useful for those deployments that do not employee AMR.

.
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