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SAIC Link Level Performance

1. Introduction

Since the initiation of the SAIC WI for a feasibility study in TSG GERAN #12 a lot of work has been ongoing to define realistic link level models for the assessment of the expected SAIC link and system level gain. Although this work is currently converging to 4 complicated link level models a few questions still remain unanswered and need to be addressed. One of the important open items is the use of delay profiles where a number of complicated models so far have been proposed. The actual need for these complicated delay models will be discussed in this paper. Besides link level performance figures will be presented for two of the four defined configurations.  

This contribution is organized as follows. First the simulation assumptions are described in section 2 followed by a comparison between the burst and the average performance for configuration 2 in section 3. In section 4 the performance with and without TSCs included is investigated and in section 5 the inclusion of delays in the link level model is discussed. Section 6 the effect of including MS impairments are discussed and in section 7 the SAIC performance for configuration 4 is presented. Finally the conclusions are drawn in section 8. 

2. Simulation assumptions

The simulations assumptions used follows to a large extend the assumptions agreed in TSG GERAN. The parameters for the link level simulations, which all are made for TU3ifh, are shown in Table 1. One of the main differences to the GERAN assumptions is the used delay model instead of the models proposed during TSG GERAN #14, see e.g. [2], a simple uniform distribution has been used. Besides when impairments are included (see section 6) the same frequency offset has been applied to the desired signal and all the interferers. 

	Link Parameter
	Configuration 2 40% Load
	Configuration 4

	Desired signal, C

TSC

Fading
	TSC0
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	6 dB

Random TSC
	9.2 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	10 dB

Random TSC
	16.2 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	9 dB

NA
	20.2 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	14 dB

Random TSC
	16.8 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar

TSC

No Fading
	15 dB

NA
	21.7 dB

NA

	Delay
	Uniform [-1,4] symbol resolution
	Uniform [-1,4] symbol resolution

	Frequency offset

Desired signal

Dominant CCI

All other interferers
	50 Hz

50 Hz

50 Hz
	50 Hz

50 Hz

50 Hz

	Channel profile
	TU3, iFH
	TU3, iFH

	Receiver impairments when applicable (section 6)

· 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 degrees

30 dBc




Table 1 Simulation assumptions.

3. Burst vs. average performance Analysis

Traditionally when investigating performance only the average performance is compared and specified. During the discussion on how to evaluate the SAIC performance it was agreed that besides the average values a burst wise evaluation should also be investigated. The main reason is that although some average values are specified for the components in the interferer model the burst wise values will have a significant variation. Consequently the burst wise C/I, DIR, DIR2 etc. will have large variations as well. Besides when making mapping tables for system level simulations these tables will be based on burst wise evaluation of the MS performance. 

In Figure 1 the rawBER
 for configuration 2 and 40% loading is shown as a function of the burst wise C/I and the DIR for both a SAIC receiver and a conventional receiver
. The figure clearly demonstrates how the SAIC performance varies with the DIR completely as expected. The SAIC gain varies between 1dB and 2.4dB at 25% rawBER and at 10% rawBER the gain varies between 0.4dB and 1.7dB. 
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	Figure 1. Burst wise performance for configuration 2.
	Figure 2. Average performance for configuration 2.


Besides the burst wise assessment the standard average performance has also been evaluated and can be seen in Figure 2. Clearly a link level gain is also demonstrated in average and the 0.7dB improvement at 10% RawBER is slightly better than the performance reported in [1]. 

The investigations done in this section clearly confirms that from the normal average considerations the expected network gains are hard to estimate. Instead it is necessary to investigate the burst wise performance for different burst wise values of the DIR and C/I. To ensure sufficient data in all the DIR and C/I entities a high number of bursts have to be analysed. 

4. Tsc vs. no TSC

When running a synchronized network the TSCs of the signals received from the different BTSs will be overlapping. This will generally degrade the performance of the MS due to the poor cross-correlation properties between the TSCs, which will reduce the quality of the channel estimate. In Figure 3 and Figure 4 the perfor​mance of respectively a conventional and a SAIC receiver is demonstrated with and without TSCs included. Clearly the two figures shown that both receivers are affected when the TSCs are overlapping. At 10% RawBER the performance for both receivers are degraded approx. 0.5dB. For lower RawBER the degradation of the SAIC receiver is increased to approx. 0.7dB whereas the conventional receiver still has approx. 0.5dB degradation. Completely as expected this demonstrates that the SAIC receiver is more sensitive to the quality of the channel estimate. Although not tested it is expected that this will be even more pronounced in less hostile interferer environments where large SAIC gains can be expected (see section 7). 
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	Figure 3. Performance of conventional receiver with and without TSCs. 
	Figure 4. Performance of SAIC receiver with and without TSCs.


5. Delay modelling

During TSG GERAN #13 and #14 a number of contributions have been investigating the typical delay profile for the different interferers when operating in a synchronous system. The main conclusion was that it could be necessary to model the delay using the combinations of several distributions [2]. The main reason for having the delay profile included is the delay variation in the cross correlation properties between the 8 different training sequences, which is expected to influent the final performance. 

Although the delay modelling is expected to be important link level simulations have not yet verified this. To investigate the need for exact modelling the link level performance with and without a delay profile included will be investigated in this section. The delay profile is a simple uniform distribution having delays in the range [-1,4] symbols. Only symbol spacing is considered i.e. fractional delays are not considered. Figure 5 and Figure 6 demonstrate the performance for the conventional and the SAIC receiver respectively with and without the delay profile include. The figures clearly demonstrate that for the delay profile used here there is nearly no effect when including the delay (for the SAIC receiver the inclusion of delay improves the performance less than 0.05dB)
. This indicates that before agreeing on the use of a very complicated delay profile it should be investigated how the performance will be affected. 
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	Figure 5. Performance of conventional receiver with and without delay profile. 
	Figure 6. Performance of SAIC receiver with and without delay profile.


The results demonstrated are remarkable because it could be expected that the inclusion of the delay would give a larger improvement in the performance. When looking at the cross-correlation properties between TSC0 and the other training sequences this is though not that surprising as can be seen in Figure 7 and Figure 8. For zero delay clearly the worst two combinations when using TSC0 for the carrier are TSC1 and TSC6 but when extending the delay range clearly for different delays all TSCs have some poor cross-correlation properties.  The conclusion is therefore that it seems unnecessary to include very complicated delay models because the inclusion of delay only has a minor impact on the performance. 
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	Figure 7. Auto and cross-correlation properties between TSC0 and TSC0-3 . 
	Figure 8. Auto and cross-correlation properties between TSC0 and TSC4-7.


6. Impairments

All the simulation results presented in this contribution has been made without MS impairments included, but simulations for the ‘standard’ MS impairments in Table 1 have shown a small degradation of less than 0.1dB for both the SAIC and the conventional receiver. When a more accurate modelling of e.g. the frequency offset is used this loss will most likely increase. It is though expected that the conventional receiver will have nearly the same loss as the SAIC receiver. 

7. Performance for configuration 4

The majority of the performance results presented so far in GERAN have been for configuration 2 i.e. the setup developed for a 40% loaded network. In this section the SAIC performance in configuration 4
, which is one of the other three configu​rations will be investigated. The link level model is based on the parameters provided by Ericsson on the WG1 reflector primo May.

The performance for this configuration is plotted in Figure 9 for both the SAIC and the conventional receiver. The figure clearly demonstrates that for this configuration a higher link level gain is achieved (2.1dB compared to 0.7dB for configuration 2). This is completely as expected because the average DIR for this configuration is 7.4dB whereas it was 2.6dB for configuration 2. Besides the average DIR2 is increased from –0.73dB in configuration 2 to 2.93dB in configuration 4. 
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Figure 9 Performance for configuration 4.

8. Conclusions

The performance gain when using a SAIC receiver has been investigated for different setups. The results clearly showed good gain for the SAIC receiver especially for configuration 4 but also some gains are possible for the hostile configuration 2. When investigating the possible performance gain it has been shown that the normal average considerations are more pessimistic than the burst wise assessment, which normally is used when deriving mapping tables. 

The inclusion of TSCs reduces the performance. At low C/I levels both the conventional and the SAIC receiver loose approximately 0.5dB but at high C/I the SAIC loss is increased to approx. 0.7dB whereas the conventional receiver still is loosing approx. 0.5dB. 

The effect of having a delay profile included has been analysed as well and the conclusion is that the introduction of delay only has a minor impact of the performance. When looking at the cross-correlation properties of the different TSCs this is not surprising. The conclusion is thus that for the investigated SAIC algorithm the inclusion of a complicated delay profile seems not to be necessary but other algorithms could be more sensitive to such delays and therefore input from other vendors will be needed. 
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� After the Rx filter assuming an 18dB ACP.


� The analysis is based on dumps from 200.000 bursts but as can be seen from the fluctuations in � REF _Ref44153366 \h � \* MERGEFORMAT �Figure 1� this is not sufficient for this burst wise assessment. 


� Impairments have not been included in these simulations but as will be shown in section � REF _Ref44127509 \r \h ��6� the SAIC and the conventional receiver have nearly the same performance degradation when impairments are included. 


� The performance demonstrated here is for one SAIC implementation SAIC solutions developed by other vendors could have larger difference in performance. 


� The simulations have been made assuming synchronous operation although this model has been specified for an asynchronous network. 
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