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Simplification of SAIC/ARP link level models 

1. Introduction

During the SAIC feasibility study [1] a lot of effort has been put into the definition of four complex link level models to ensure that the performance demonstrated in simulations will reflect the real life performance of SAIC mobiles. Simulations have shown that even in these complex scenarios considerable link level gain can be expected for SAIC mobiles [1]. 

In simulation environments very complex link level models can ‘easily
’ be implemented but in test environments the use of such models can be difficult due to technical or economical constraints of test systems. Therefore it has been agreed in TSG GERAN to investigate the possibility to reduce the complexity of the link level models and use the new models as basis for the performance requirement specification in 45.005.

In this contribution six simplified versions of the Configuration 2 setup from the SAIC TR [1] will be proposed and compared to other link level models proposed my Motorola in [2] and Philips in [3]. The paper will be organised as follows; section 2 will present a number of different link level models, which will be evaluated in terms of different interferer statistics and receiver performance in section 3. Section 4 will shortly discuss the outcome of the investigations and propose a SAIC test setup. Finally the conclusions are drawn in section 5.

2. Simplified link level models

In this section six
 new simplified versions of the original Configuration 2 link level model will be presented. In five of the six models both co- and adjacent channel interferers are included because it is believed that this is important when specifying realistic performance require​ments for SAIC/ARP mobiles. The six models are listed in Table 1 together with the original Configuration 2 model and the models proposed by Motorola and Philips
 in [2][3]. In the table only the relative power of the interferers are listed whereas other parameters e.g. the TSC allocation is identical to the original interferer model specified in the SAIC TR [1]. 

From the table it can be seen that the main difference between the original Configuration 2 and the proposed models is the reduction of the number of interferers and the inclusion of either an AWGN source or a higher level of residual co-channel interference to model the removed interferer components. The power of the AWGN source is defined as the power measured after a measurement filter having a filter response identical to the C0 pulse i.e. the main component from the Laurant decomposition of the GMSK modulation. By using the C0 pulse as measurement filter the power is calculated in the same bandwidth as used for the other interferers in the link level models. The impulse response of the measurement filter is scaled such that the filter has unity gain at DC. 

	
	Relative power to I1

	Model
	I1
	I2
	I3
	Ico-res
	Iadj
	Iadj_res
	AWGN

	Original Config. 2
	0dB
	-6dB
	-10dB
	-9dB
	-14dB
	-18dB

	

	Simplified 1
	0dB
	-6dB
	-10dB
	
	-14dB
	
	-8dB

	Simplified 2
	0dB
	-6dB
	
	-9dB
	-14dB
	
	-8.8dB

	Simplified 3
	0dB
	-6dB
	
	
	-14dB
	
	-5.9dB

	Simplified 4
	0dB
	-6dB
	
	
	
	
	-5.5dB

	Simplified 5
	0dB
	-6dB
	-10dB
	-8dB
	-14dB
	
	

	Simplified 6
	0dB
	-6dB
	
	-5.9dB
	-14dB
	
	

	Motorola
	0dB
	-6dB
	
	-5.5dB
	
	
	

	Philips 4
	0dB
	0dB
	
	
	
	
	

	Philips 5
	0dB
	
	
	
	0dB
	
	


Table 1 Original configuration 2 link level model and different simplified models.

3. Model evaluation 

In this section the ten different interferer models listed in Table 1 will be compared in terms of different CIR and DIR statistics and the performance
 for both a conventional and a SAIC receiver. As will be shown the conventional receiver have almost identical performance for the different models whereas major performance differences can be seen at least for the SAIC receiver implementation used in this contribution. 

In Figure 1-Figure 4 the cumulative density function of CIR, DIR, DIR2 and DIR3 are plotted for the different link level models presented in Table 1. For CIR and DIR Figure 1 and Figure 2 demonstrates that the six proposed simplifications all follow the cdf of the original Configuration 2 very precisely. This behaviour is expected because the power of C and the interferers I1 and I2 have not been changed in any of the six simplifications and these components are the main contributors when calculating CIR and DIR statistics. The Motorola model also has a very good match whereas the two Philips models have some discrepancies especially for modelling of DIR. When investigating the cdf of DIR2 and DIR3 in Figure 3-Figure 4 only simplification 1 and 5 model the original link level model correctly whereas the other models have large derivations especially for DIR3. Looking at the interferer levels from Table 1 this is expected because only simplification 1 and 5 model all the fading interferers correctly. 
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	Figure 1. CIR distributions for different link level models.
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	Figure 2. DIR distributions for different link level models.


During the SAIC feasibility study it was agreed only to characterize the performance by CIR and DIR statistics when going from link level to system level simulations. Based on this most of the models shown in Table 1 are expected to give more or less the same performance and therefore could be chosen as a simplification to the original Configuration 2 link level model. To check if this is true the performance of a conventional receiver and a SAIC receiver is presented in Figure 5 and Figure 6  (main performance values summarized in Table 2) for all the link level models from Table 1
.
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	Figure 3. DIR2 distributions for different link level models.
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	Figure 4. DIR3 distributions for different link level models.


From Figure 5 it can be seen that the performance of the conventional receiver used in this contribution is within 0.8dB (10% RawBER) for the different link level models. This is in line with the observations done during the SAIC verification process. The main difference is a marginal better performance when using AWGN instead of the residual cochannel noise i.e. the lowpass filtered white noise. This behaviour is expected because conventional receivers normally are optimized for white noise.  Another noticeable difference is the slight worse performance for the Philips 5 model. The reason for this is the very high level of simultaneous co- and adjacent channel interference being hard to handle even for conventional receivers.

In Figure 6 the performance of a SAIC receiver implementation is demonstrated for the different link level models. Compared to the conventional receiver the tested SAIC receiver has relative large differences in performance between the different models even for the models having similar CIR and DIR statistics. Therefore it is important to take other measures into account when choosing link level model. The performance figures of the SAIC receiver indicates that any of the models called Simplified 4-6 could be used as a good simplification to Configuration 2 but taking the performance of the conventional receiver into account it can be seen that only Simplified 5 and 6 give expected performance for both receiver types. From the two models Simplified 6 has a lower number of interferers and therefore it is the recom​mended model. Alternatively to these two models the model from Motorola could be considered but the lack of adjacent channel interference can be a problem. 
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	Figure 5. Performance of a conventional receiver for the link level models presented in Table 1.
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	Figure 6. Performance of a SAIC receiver for the link level models presented in Table 1.


	
	Conventional receiver
	SAIC receiver

	
	10% RawBER
	2% RawBER
	10% RawBER
	2% RawBER

	Configuration 2
	6.30dB
	13.30dB
	4.20dB
	10.75dB

	Simplified 1
	5.95dB
	13.00dB
	4.65dB
	11.15dB

	Simplified 2
	5.95dB
	13.00dB
	4.65dB
	11.10dB

	Simplified 3
	5.65dB
	12.75dB
	4.70dB
	11.25dB

	Simplified 4
	5.60dB
	12.75dB
	4.10dB
	10.60dB

	Simplified 5
	6.35dB
	13.35dB
	4.20dB
	10.70dB

	Simplified 6
	6.30dB
	13.30dB
	4.20dB
	10.70dB

	Motorola
	6.30dB
	13.35dB
	3.35dB
	9.75dB

	Philips 4
	5.70dB
	12.75dB
	<0dB
	6.65dB

	Philips 5
	6.40dB
	13.50dB
	3.20dB
	10.10dB


Table 2 Main RawBER performance figures for a conventional and a SAIC receiver.

4. Discussion

The simplified 6 model recommended in this contribution can be implemented using the basic SAIC test setup presented in Figure 7. This setup is extended with an additional interferer compared to the test setup proposed in section 9 of the TR [3], but as shown in section 3 such an extension is necessary to ensure realistic link level performance of SAIC receivers. 
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Figure 7 Proposed SAIC Test setup

The question is of course is it necessary to have test cases in the specification demonstrating the realistic/expected performance of SAIC receivers or will it be sufficient only to have simpler test cases where the SAIC gain is very high. Previously operators have indicated that they, if possible, would like to have at least some requirements testing the SAIC performance in realistic network environments in order to have some specification figures that can be used as guideline when planning their networks. Besides such complex test cases will ensure that when a mobile indicate its ARP (SAIC) capabilities then it has improved performance when operating in interference limited networks. On the other hand using only such complex test cases can be a problem because the SAIC gain is limited and therefore the improved performance could perhaps be obtained in mobiles without having interference cancellation algorithms implemented. Therefore it is recommended that the total set of test cases also includes tests where the SAIC gain is high e.g. as in the Philips 4 proposal having two co-channel interferers. 

5. Conclusions

In this contribution the possibility to simplify the Configuration 2 scenario developed during the SAIC feasibility study has been discussed. A high number of simplified models have been tested having various degrees of complexity. In the final recommended link level model it has been possible to reduce the original model having 4 modulated interferers and 3 residual interferers to a model having 3 modulated interferers and a single residual interferer. Although the proposed model doesn’t model the DIR2 and DIR3 statistics perfectly simulations have demonstrated that both the conventional and the SAIC receiver implementation tested here has the same performance for the proposed and the original Configuration 2 link level model.  
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� The verification process has demonstrated that even in simulation environments it can be difficult to build very complicated link level models.


� In the first draft sent out on the WG1 reflector 31. March 2004 only the models named simplified 1-3 was presented.


� Totally 6 models are presented in [3] but only the models 4 and 5 are considered here.


� The level is applied at 200kHz below and above the carrier.


� All simulations have been performed without receiver impairments.


� Using the performance to characterize the models is a simple way to check the model ‘quality’. The drawback is that the conclusion will depend upon the receiver implementation, thus it is important that the models are checked by other companies.
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