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SAIC Link-Level Performance Results
1. Introduction 
As part of the SAIC Feasibility study a number of interesting network scenarios have been identified for AMR voice traffic‎[1]. The power statistics for the dominant co-channel and adjacent channel interferers for these scenarios were agreed based on network simulations‎[2]. This paper presents the link-level simulation results of a SAIC receiver for these scenarios, and compares them to similar results for the Intel conventional GSM receiver. Since the performance in synchronized networks is different than in asynchronous networks the results are presented separately. 

In addition, a work item has been opened in 3GPPGERAN#17 for advanced receiver performance specification‎[3]. This paper also presents AMR FER results for synchronous, and asynchronous networks in order to facilitate the definition of minimum performance requirement for ARP based on the SAIC technology.

2. Simulation Assumptions

The simulations presented in this document were conducted for TU3iFH using the link-level parameters presented in Table 1, as agreed and represented in ‎[2]. 

The asynchronous modeling is done according to the agreed link level-model assumptions drafted by Ericsson in ‎[4], where DTX and tintra_cell are applied independently on each of the three dominant cochannel interferers and the dominant adjacent channel interferer. 

The frequency offset has been modeled as a constant 50Hz offset for all interferers, and the residual error of the frequency tracking of the conventional receiver.

	Link Parameter
	Configuration 1 
	Configuration 2 40% Load
	Configuration 3 70% Load
	Configuration 4

	Desired signal, C

TSC

Fading
	TSC0
	TSC0
	TSC0
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0
	Random TSC excluding TSC0
	Random TSC excluding TSC0
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	10 dB

Random TSC
	6 dB

Random TSC
	4 dB

Random TSC
	9 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	20 dB

Random TSC
	10 dB

Random TSC
	8 dB

Random TSC
	17 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	-

NA
	9 dB

NA
	5 dB

NA
	20 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	15 dB

Random TSC
	14 dB

Random TSC
	14 dB

Random TSC
	16 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar

TSC

No Fading
	20 dB

NA
	15 dB

NA
	14 dB

NA
	21 dB

NA


Table 1 Interferer levels for network configuration 1-4.

For synchronized networks cases the delay has been modeled as follows:

Impairments such as I/Q mismatch and phase error were not introduced since it was found that effect of the EVM introduced by these impairments is negligible at the C/I levels simulated for SAIC performance. A DC component of –15dBc has been modeled, however the performance of the DC mitigation algorithm is the dominant factor in this respect.

At this stage, only GMSK modulated interferers were considered, however work is in progress to determine the impact of mixed GMSK and 8PSK modulated interferers, and shall be presented at a later stage.

For network scenarios 2 and 3, only the synchronized model has been simulated since it is assumed that it would be necessary to synchronize the network to enable such heavy loads.

2. Simulation Results

2.1 Synchronous Scenarios

In this section we present the results for synchronized network of all four scenarios. Figure 1 to Figure 4 show the uncoded BER performance for the respective network configurations. Table 2 summarizes the results at targets of 10% and 2% BER. 
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	Figure 1. Average Uncoded BER Performance for Scenario 1, Synchronized Network.
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	Figure 2. Average Uncoded BER Performance for Scenario2, EFL=40%, Synchronized Network.
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	Figure 3. Average Uncoded BER Performance for Scenario 3, EFL = 70% Synchronized Network.


	

	Figure 4. Average Uncoded BER Performance for Scenario 4, EFL = 30% Synchronized Network.


	Network Configuration
	@ Uncoded BER Target  
	Conv. C/I [dB]
	SAIC C/I [dB]
	SAIC Gain [dB]

	1
	10.0%
	5.8 
	3.6 
	2.2 

	
	2.0%
	13.0 
	10.7 
	2.3 

	2 @ 40%
	10.0%
	5.9 
	5.0 
	0.9 

	
	2.0%
	13.0 
	11.9 
	1.1 

	3 @ 70%
	10.0%
	5.9 
	5.4 
	0.5 

	
	2.0%
	12.9 
	12.2 
	0.7 

	4 @ 30%
	10.0%
	5.8 
	3.8 
	2.0 

	
	2.0%
	13.0 
	10.8 
	2.2 


Table 2: Uncoded BER Summary for Synchronized Network Configurations

For Configurations1 and 4 the SAIC receiver demonstrates appreciable gains of at least 2dB. For the more heavily loaded network Configuration2, and 3 the performance gain, although still significant, diminishes somewhat due to the much lower DIR values.

The FER performance for exemplary TCH/AFS coding schemes is presented in Figure 5 and Figure 6. The results are summarized in Table 3. 
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	Figure 5. TCH/AFS FER Performance for Synchronized Network Configuration1 (a), and Configuration 4 (b)
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	Figure 6. TCH/AFS FER Performance for Synchronized Network Configuration2 @40% (a), and Configuration3 @ 70% (b)


	Network Configuration
	Coding  @ 1.0% FER
	Conv. C/I [dB]
	SAIC C/I [dB]
	SAIC Gain [dB]

	1
	AFS_12.2
	8.9 
	6.9 
	2

	
	AFS_7.95
	5.6 
	3.8
	1.8

	
	AFS_5.9
	4.3 
	2.4 
	1.9

	2 @ 40%
	AFS_12.2
	8.9 
	8.3 
	0.6

	
	AFS_7.95
	5.7 
	5.1 
	0.6

	
	AFS_5.9
	4.4 
	3.9 
	0.5

	3 @ 70%
	AFS_12.2
	9.0 
	8.7 
	0.3

	
	AFS_7.95
	5.8 
	5.5 
	0.3

	
	AFS_5.9
	4.4 
	4.2 
	0.2

	4 @ 30%
	AFS_12.2
	8.9 
	7.1 
	1.8

	
	AFS_7.95
	5.7 
	3.9 
	1.8

	
	AFS_5.9
	4.3 
	2.5 
	1.8


Table 3:  Summary of C/I for 1% FER Target for Synchronized Network Configurations

2.2 Asynchronous Scenarios

In this section we present the results of non-synchronized networks for the less heavily loaded scenarios in Configuration1 and Configuration4. Here we consider the two cases of DTX and no DTX as agreed in []. The uncoded BER performance for Configurations1 without, and with DTX is shown in Figure 7, and Figure 8. The performance for Configurations4 without, and with DTX is shown in Figure 9, and Figure 10.  Table 4 summarizes the results at BER targets of 10% and 2%. 
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	Figure 7. Average Uncoded BER Performance for Scenario 1, Non-Synchronized Network without DTX.
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	Figure 8. Average Uncoded BER Performance for Scenario 1, Non-Synchronized Network with DTX On.
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	Figure 9. Average Uncoded BER Performance for Scenario 4, EFL = 30%, Non-Synchronized Network without DTX.
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	Figure 10. Average Uncoded BER Performance for Scenario 4, EFL = 30%, Non-Synchronized Network with DTX On.


	Network Configuration
	@ Uncoded BER Target  
	Conv. C/I [dB]
	SAIC C/I [dB]
	SAIC Gain [dB]

	Configuration1 without DTX 
	10.0%
	4.3 
	3.0  
	1.3

	
	2.0%
	12.2 
	10.5 
	1.7

	Configuration1 with DTX On
	10.0%
	4.1 
	2.9 
	1.2

	
	2.0%
	12.2 
	10.6 
	1.6

	Configuration4 without DTX 
	10.0%
	4.4 
	3.1 
	1.3

	
	2.0%
	12.2 
	10.5 
	1.7

	Configuration4 with DTX On
	10.0%
	4.3 
	3.0 
	1.3

	
	2.0%
	12.3 
	10.6
	1.7


Table 4: Uncoded BER Summary for Non-Synchronized Network Configurations

It is evident that the SAIC receiver still attains significant gains in the non-synchronized network scenarios, and it is expected that the network capacity gains are achievable with most current GSM network as soon as there is considerable penetration of SAIC equipped mobiles.

It is interesting to note that the performance of the conventional receiver is better in an asynchronous interference environment than in the synchronized one. This may be attributed to the current models, where the interference bursts contain a training sequence. In the design of the GSM TSCs the cross-correlation properties were traded-off for better autocorrelation properties, and as a result the receiver performance is improved whenever the training sequence symbols of the desired burst are subjected to random bits of a dominant interferer. At higher C/I and, indeed with the SAIC receiver, this effect diminishes.

Additionally, with the current interference models there is very little difference between scenarios without DTX, and with DTX active. This is probably due to the larger interference variations in the DTX case.

The FER performance for exemplary TCH/AFS coding schemes is presented in Figure 11and Figure 12. The results are summarized in Table 5. 
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	Figure 11. TCH/AFS FER Performance for Non-Synchronized Network Configuration1 @30% without DTX (a), and with DTX On (b).
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	Figure 12. TCH/AFS FER Performance for Non-Synchronized Network Configuration4 @30% without DTX (a), and with DTX On (b).


	Network Configuration
	Coding  @ 1.0% FER
	Conv. C/I [dB]
	SAIC C/I [dB]
	SAIC Gain [dB]

	Configuration1 without DTX 


	AFS_12.2
	7.4 
	6.4  
	1

	
	AFS_7.95
	3.9 
	3.0  
	0.9

	
	AFS_5.9
	2.4 
	1.7  
	0.7

	Configuration1 with DTX On
	AFS_12.2
	7.4 
	6.3  
	1.1

	
	AFS_7.95
	3.7 
	2.8   
	0.9

	
	AFS_5.9
	2.1 
	1.3  
	0.8

	Configuration4 without DTX 
	AFS_12.2
	7.6 
	6.4  
	1.2

	
	AFS_7.95
	4.0 
	3.1  
	0.9

	
	AFS_5.9
	2.5 
	1.7  
	0.8

	Configuration4 with DTX On


	AFS_12.2
	7.5 
	6.4  
	1.1

	
	AFS_7.95
	3.8 
	2.9  
	0.9

	
	AFS_5.9
	2.3 
	1.4 
	0.9


Table 5:  Summary of C/I for 1% FER Target for Non-Synchronized Network Configurations

4. Conclusions

This contribution presented simulation results of SAIC vs. conventional receiver performance for both synchronized, and non-synchronized network scenarios in accordance with the agreed assumptions. Significant gains are achievable for both types of network, although these are slightly reduced for the non-synchronized scenarios. Moreover, results indicate that for non-synchronized network scenarios the gains would apply regardless of whether DTX is active or not. 

FER results were provided as a basis for discussion on the minimum performance requirement for ARP, in case the same interference scenarios will be used. 
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� After the Rx filter, assuming an 18dB ACP.
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