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1. Introduction

Synchronization of GSM networks has recently received a lot of attention because it improves the network capacity. Nevertheless only a few networks have started the synchronization process and therefore for the years to come the majority of networks will still be operating asynchronous. Therefore an important part of the ongoing SAIC feasibility study in TSG GERAN is to investigate the possible SAIC gain when operating in an asynchronous network. 

This contribution is an extention of [10] presented in the SAIC Adhoc #3. Besides the performance results for asynchronous mode and GMSK interference results will be presented for 8PSK asynchronous interference
 as well. Such results were requested during the SAIC Adhoc #3 by several operators in order to conclude that SAIC mobiles will not have worse performance than conventional mobiles when subject to 8PSK interference.

This contribution is organized as follows. First the simulation assumptions are described in section 2 followed by a section demonstrating the expected link level performance of SAIC and conventional mobiles when operating in asynchronous networks. Finally the conclusions are drawn in section 4. 

2. Simulation assumptions

The simulations presented in this document have been conducted for TU3ifh using the link level parameters presented in Table 1. For configuration 1 the parameters proposed by Ericsson in [5] have been used and for configuration 4 the settings are as agreed the average between the interference levels proposed by Motorola and Ericsson in [6] and [5] respectively. The asynchronous modelling is done according to the agreed link level model described by Ericsson in [9] where DTX and tintra_cell are applied independently on each of the three dominating cochannel interferers and the dominant adjacent channel interferer. When doing asynchronous link level modelling an exact modelling of DTX is difficult (impossible). Therefore in TSG GERAN #16 it was agreed to make the performance investigations both for a realistic DTX value (DTX=40%) and without DTX. The actual asynchronous performance is expected to be within the span of the performance given by DTX=0% and DTX=40%. The same model is uded for GMSK and 8PSK the only difference being the modulation type used for the three cochannel and the adjacent channel interferer.

	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

	Frequency offset

Desired signal

Dominant CCI

All other interferers
	50 Hz

50 Hz

50 Hz
	50 Hz

50 Hz

50 Hz
	50 Hz

50 Hz

50 Hz
	50 Hz

50 Hz

50 Hz

	Channel profile
	TU3, iFH
	TU3, iFH
	TU3, iFH
	TU3, iFH

	Receiver impairments

IQ gain mismatch

IQ phase mismatch

Phase noise

DC offset
	0.5 dB

4.0 degrees

2 degree

30 dBc
	0.5 dB

4.0 degrees

2 degree

30 dBc
	0.5 dB

4.0 degrees

2 degree

30 dBc
	0.5 dB

4.0 degrees

2 degrees

30 dBc



	DTX factor

tintra_cell
	0% or 40%

0%
	0% or 40%

20%
	0% or 40%

20%
	0% or 40%

0%


Table 1 Simulation assumptions for asynchronous link level simulations.

3. performance Analysis

In this section the performance of a conventional and a SAIC receiver is presented for the four defined configurations
 using the asynchronous link level model described in [9]. Simulations have been conducted for both receiver types for the two DTX factors demonstrated in Table 1 and the four sets of results are analysed to estimate the expected gain of SAIC when operating in an asynchronous network. The analysis will only be done for the average performance but simulations are currently ongoing for a burst wise assessment. 

In Figure 1-Figure 4 the RawBER performance is demonstrated as a function of C/I when subject to GMSK interference. The figures clearly demonstrate that the SAIC receiver both with and without DTX outperforms the conventional receiver. As expected the performance is best when DTX is included in the link level model. This can be explained by the fact that without DTX the characteristics of the interferer will change in the receive window and therefore the SAIC receiver can only partly do the cancellation. The modelling of the change in interference statistics is done by applying a power scaling and phase change of the adjacent burst compared to the main interferer (see [9]). When DTX is used in the link level model the adjacent interferer is reset and consequently only the main interferer will be present, which is a clear advantage for the SAIC receiver. 

As described and expected the performance presented in Figure 1-Figure 4 is best when DTX is applied but the question is which of the two setups best reflects the performance in a real asynchronous network. One can argue that the link level setup without DTX is the most realistic model because in case of DTX in a real network another interferer will pop up instead of the adjacent burst of the ‘active’ interferer. This new interferer will be from another BTS and consequently be subject to different fading characteristic than the main interferer. This change in fading characteristic is not included in the link level model but the inclusion of power scaling and phase change can be considered as an approximation to this. Although more realistic the performance without DTX in Figure 1-Figure 4 is expected to be more pessimistic than the performance in a real asynchronous network. The reason is that the power level of the adjacent burst in mean is equal to the power level of the main burst of the interferer whereas in a real network the level is expected to be lower. 

In Table 2-Table 3 the SAIC gain is demonstrated with and without DTX for all 4 network configurations operating in asynchronous mode. These gains can be compared to the SAIC gains for synchronous network presented in Table 4. Surprisingly the results presented here demonstrate a slightly larger link level gain for all 4 configurations when operating in asynchronous instead of synchronous mode. This is different from the outcome of previous link level studies demonstrating only half the link level gain for asynchronous compared to synchronous operation for the worst possible time offset. The main reason for this is of course the difference between the model used in this contribution (see [9]) and the simple model used in previous contributions. Clearly this demonstrates the importance of using a realistic link level model when estimating the link and system level performance. Even though the asynchronous model developed in TSG GERAN is expected to be realistic some simplifications were made and clearly this can affect the performance. Unfortunately within the time frame of the SAIC feasibility study it is difficult to make a more accurate link level model and therefore it will be impossible to give an accurate estimate of the SAIC capacity gain for asynchronous networks. Nevertheless the performance figures demon​strated in this document indicate substantial SAIC gain, but still the best network performance (highest network capacity) requires a combination of SAIC mobiles and synchronized network operation. 
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	Figure 1. Performance for configuration 1 (GMSK interference) with and without DTX.
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	Figure 2. Performance for configuration 2 (GMSK inter.) with and without DTX.
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	Figure 3. Performance for configuration 3 (GMSK inter.) with and without DTX.
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	Figure 4. Performance for configuration 4 (GMSK inter.) with and without DTX.


	
SAIC GAIN
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4

	@10% RawBER
	
2.6dB
	2.1dB
	1.9dB
	2.5dB

	@4% RawBER
	
2.6dB
	2.1dB
	1.9dB
	2.5dB


Table 2 Summary of average SAIC gain for configuration 1-4 (GMSK interference) DTX on.

	
SAIC GAIN
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4

	@10% RawBER
	
2.6dB
	2.2dB
	2.0dB
	2.5dB

	@4% RawBER
	
2.6dB
	2.2dB
	2.0dB
	2.6dB


Table 3 Summary of average SAIC gain for configuration 1-4 (GMSK interference) DTX off.

	
SAIC GAIN
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4

	@10% RawBER
	
2.4dB
	1.9dB
	1.7dB
	2.4dB

	@4% RawBER
	
2.4dB
	1.9dB
	1.7dB
	2.4dB


Table 4 Summary of average SAIC gain for configuration 1-4 
(GMSK interference and synchronous network).

Previous studies for SAIC performance when subject to 8PSK interference in a synchronous network [11] have demonstrated some link level gain. In Figure 5-Figure 6 the performance for 8PSK interference in an asynchronous network is demonstrated for configuration 1 and 2. The main performance values are shown in Table 5-Table 7 and from these tables it can be concluded that the investigated SAIC algorithm seems to be robust to 8PSK interference when operating both in synchronous and asynchronous networks. Like for GMSK mode the SAIC gains surprisingly are highest for the asynchronous mode, but again this can be due to the way the asynchronous link level model is derived. Another observation is when operating in synchronous mode the SAIC receiver has nearly the same performance for GMSK and 8PSK interference, while in asynchronous mode the performance is slightly worse when all the interfering sources are 8PSK modulated.
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	Figure 5. Performance for configuration 1 (8PSK inter.) with and without DTX.
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	Figure 6. Performance for configuration 2 (8PSK inter.) with and without DTX.


	
SAIC GAIN
	Configuration 1
	Configuration 2

	@10% RawBER
	
1.6dB
	1.4dB

	@4% RawBER
	
1.3dB
	1.2dB


Table 5 Summary of average SAIC gain for 
configuration 1-2 (8PSK interference) DTX on.

	
SAIC GAIN
	Configuration 1
	Configuration 2

	@10% RawBER
	
1.6dB
	1.3dB

	@4% RawBER
	
1.3dB
	1.2dB


Table 6 Summary of average SAIC gain for 
configuration 1-2 (8PSK interference) DTX off.



	
SAIC GAIN
	Configuration 1
	Configuration 2

	@10% RawBER
	
1.0dB
	1.3dB

	@4% RawBER
	
0.9dB
	1.2dB


Table 7 Summary of average SAIC gain for configuration 1-2 
(8PSK interference and synchronous network).
4. Conclusions

In this contribution the asynchronous link level performance of a SAIC receiver has been investigated for all four network configurations defined in the SAIC feasibility study. Previous studies have demonstrated reduced SAIC gains compared to synchronised operation but surprisingly the performance figures in this contribution demonstrate similar performance for the two network configurations. Before making any final conclusion on the expected SAIC gain for asynchronous network operation it will be useful to compare the findings in this contribution with results from other companies. 

Results have also been presented for 8PSK interference when operating in asynchronous mode for two of the four network configurations. In both cases the performance of the SAIC receiver was better than the performance of the conventional receiver. Therefore it seems reasonable to conclude that link level losses are not expected when SAIC receivers are subject to 8PSK interference.
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� For asynchronous networks. 


� After the Rx filter assuming an 18dB ACP.


� 8PSK interference has only been simulated for configuration 1 and 2.
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