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Link performance methodology for system level evaluations 
1 Introduction
There have been several discussions on how to model link level performance in system level simulations for the MUROS, VAMOS and WIDER studies, see e.g. [1], [2], [3] and [4]. 
Special attention has been given the L2S methodology for the wider pulse shape proposed for VAMOS and the wider pulse for the WIDER study.
Both the introduction of VAMOS and, on top of that, the use of a wider pulse shape needs more sophisticated modeling of the link performance than the conventional L2S mapping.

In this contribution a new methodology for modeling the link level performance in system level simulations is described that integrates the link level simulator in the system level simulator. The advantage is that the L2S mapping is no longer needed, and instead detailed interferer profiles are created on a burst-by-burst basis.
The paper is an update of [5] with some more additional simulation results added to the analysis on number of interferers needed to be modeled to reflect accurate performance. Updated sections are highlighted in red.
2 Methodology

2.1 Interfererers

To limit the execution time of the integrated link simulator the number of interferers has been limited.
2.1.1 Interferer types

Only co-channel and first adj-channel interferer is modeled by the link simulator. Thus, any higher order adj-channel interferers are discarded.
The interferer bursts are all modeled with random bits in the TSC symbol positions to model a non-synchronized network.

2.1.2 Limit of interferers

In a system simulation there are typically a significant number of interferers experienced by each radio link. Due to the frequency re-use of the system, interferers will generally have lower gains the longer the distance to the receiver. How different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performance is very dependent on the receiver architecture.
In conventional L2S mappings all interferers are typically converted to a corresponding co-channel interferer power and the L2S mapping only takes into account a total interferer power. For more advanced receiver architectures, utilizing e.g. some kind of interference suppression, this approximation is too coarse and the L2S mapping model need to be extended with e.g. the number of interferers, type of interferers and relative power of the interferers.
By integrating the link level simulator in the system level simulator the problem of correctly capturing these effects is no longer a concern. However, modeling all interferers in a system will require unnecessary processing power without adding value to the evaluation of the receiver performance.
2.1.2.1 Limiting the number of interferers

To limit the number of interfering bursts that needs to be generated for each carrier burst a fixed minimum number can be applied per interfering class. ‘Class’ is here referring to any difference in Tx-characteristics between interferers and/or interferer types. Thus, a GMSK co-channel interferer would be classified as a different class compared to an AQPSK interferer of SCPIR = 0 dB. Further, two AQPSK co-channel interferers of different SCPIR would also be classified as different interferer classes.  In a typical voice scenario the minimum number of interferers modeled for each burst is 9 (3 GMSK co-channel, 3 GMSK adjminus and 3 GMSK adjplus). In a VAMOS system with both GMSK and AQPSK present, where SCPIR up to 8 dB is modeled (and SCPIR granularity of 2 dB) a maximum of 54 different interferers (6 [5 AQPSK+GMSK]*3[interferer limit]*3[interferer types]) would be modeled using a minimum limit of three per class. 
2.1.2.2 Requirement on modeled energy level

An additional requirement can also be added to the limitation of interferers to ensure that at least a certain amount of the energy in each class is modeled. This would primarily ensure performance accuracy in cases where the number of interferers is higher than the minimum number modeled and the interferers are at similar signal levels. The requirement of minimum modeled energy will also result in interferers with low energy to be discarded. However, the interferers being modeled are still modeled with no loss modeling accuracy.
2.1.2.3 Conservation of energy

Both when limiting the interferers based on a fixed number and/or a requirement on modeled energy level it is always the momentary, faded energy level that is used.

Further, in order to conserve interferer energy the interferers are scaled based on the residual interferer power of each class.
2.1.2.4 Example
The following example illustrates the interferer limiting functionality if assuming that both the requirement of minimum number of interferers (3) and the requirement on minimum modeled energy (90%) are used.
ADJ-channel -200 kHz (A-) 

The number of interferers is three so the requirement on minimum interferer number asserts that all are modeled.

CO-channel (CO)
The number of GMSK interferers (1st class) is five. The three strongest interferers only model 60% of the total energy of all GMSK interferers and the four strongest model 95% of the total energy. Thus, four interferers are modeled in this class due to the requirement on modeled energy (the fifth discarded). Further, the conservation of energy requires the four interferers to increase their energy to conserve the total interfering energy of the class.
Three AQPSK interferers are present (2nd class). Due to the minimum requirements of modeled number of interferers, all are modeled.

ADJ-channel +200 kHz (A+)
There are four interferers in total of the same class. The two strongest model 96% of the total energy but due to the minimum requirement of number of interferers, the three strongest ones are modeled. Further, the conservation of energy requires the three interferers to increase their energy to conserve the total interfering energy of the class.

[image: image1]
Figure 1. Example of interfere limitation from signal levels (incl. fast fading).
2.2 Oversampling

An oversampling rate of four has been used for evaluation of the link performance.
3 Results
3.1 Simulation assumptions

3.1.1 Network simulations

Network simulation assumptions based on [6] has been used. 
The evaluated network configuration is MUROS-2 using system scenarios I (i.e. 100% VAMOS I MSs).
3.1.2 Link level simulations

Link level assumptions are listed in Table 1.
Table 1. Link level simulation assumptions

	Parameter
	Value

	Propagation condition
	TU50nFH

	Codec
	AHS5.90

	Impairments
	Typical Tx/Rx

	Frames
	100.000


Interferer scenarios used in the link level evaluation are described in Table 2.
Table 2. Interferer scenarios

	Interferer scenario
	Interfering signal
	Intf. rel. power level
	TSC

	CO-X
	Co-channel 1
Co-channel 2

       …

Co-channel X
	0 dB

0 dB

…

0 dB
	none

none

…

none

	Multi-X
	Co-channel 1
Co-channel 2

…

Co-channel X

Adjacent+ 1

Adjacent+ 2

…

Adjacent+ X

Adjacent- 1

Adjacent- 2

…

Adjacent- X
	0 dB

0 dB

…

0 dB
3 dB

3 dB

…

3 dB

3 dB

3 dB

…

3 dB
	none

none

…

none
none

none

…

none

none

none

…

none


The Multi-X scenario models adj-channel interferers placed 3 dB higher than the corresponding co-channel interferers based on the data provided in [6]. 
3.2 Limit of number of interferers
In Figure 1 the CO-X scenario have been simulated for AHS5.90. This is considered to be a worst case scenario in terms of the number of interferers needed to model correct link level performance. I.e. the structure of the interfering signal is most impacted if the interfering levels are similar for the different interferers.
The number of external co-channel interferers has been set between 3 and 10 and different requirements on energy levels have been scanned. For all simulations a minimum requirement of either 2 or 3 interferers per class applies.
In the figures the performance difference (y-axis) is compared at 1% FER to the performance with no limitation on interferers.
At low requirements of modeled energy (<30%) there is a difference in performance of around 2 dB using interferer limit of two while the performance difference reduces to around 1 dB using interferer limit of three. It can further be seen that when 90% of the interferer energy is modeled there is at most a degradation of 0.2 dB irrespective of the number of interferers used (CO-X) and the minimum number of interferers being modeled.
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Figure 2. Different CO-interferers with minimum if-limit two (top) and three (bottom). 

It must be noted that this is an extreme worst case scenario that has been modeled. I.e. as soon as more than one class is present and/or different type of interferers is present (adj-ch) a lower energy requirement is sufficient. This is shown in Figure 3 where the Multi-X scenario with adj-ch interferers on both sides of the co-channel interferers has been used.
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Figure 3. Different Multi-interferers with minimum if-limit two (top) and three (bottom).

It can be seen that in this scenario a three interferer limit is sufficient to describe the interference with a maximum simulation difference of 0.1 dB. Thus, no requirement on level of modeled signal energy is needed. With an interferer limit of two larger degradations are seen the lower the energy requirement. However, no modeling error larger than 0.3 dB is observed.
Further, no AQPSK interference has been modeled, which would further reduce the energy level needed.

3.3 Impact on simulated system capacity
To get an indication of the number of interferers that are modeled with different interferer limitations, the number of interferers have been logged in system level simulations and are presented in a PDF in Figure 3. The same network scenario as described in 3.1.1 has been used applying the LinGMSK TX pulse. Thus, any other pulse that has been modeled results in equal or higher load (at the same quality limit), with higher penetration of AQPSK interference and thus a higher number of unique interferers being modeled.
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Figure 4. Distribution of number of interferers modeled.

It can be seen that there exist interferer cases when less than 9 interferers are modeled (~ 1%) when only limiting to 3 interferers per class (blue and red line). These cases occur at the edge of the frequency band where only two types of interferers exist (1 co and 1 adj). Also, with an energy requirement of 90%, it can be seen that 80% of the bursts model 13 interferers or more. Further it seems the energy requirement is more stringent than an interferer limit of two or three, since the resulting interferer distribution for the two cases is the same. When instead modeling “unlimited” (limit of 20) interferers per class the number of interferers modeled are greatly increased.
In Figure 4 system level performance with and without (limit=20) a limitation of interferers in each class is shown. The system modeled is taken from [6] for the case of 100% VAMOS I MS penetration, MUROS-2 network and TX pulse HanRRC280. The choice of the wide HanRRC pulse is to ensure that there is a significant difference in the spectral properties of different interferer (GMSK vs. AQPSK).

It can be seen that impact on the simulated system capacity is minimal by limiting the number of interferers to 3.
An additional minimum energy requirement will increase the number of interferers being modeled and lower the impact further.
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Figure 5. System level VAMOS performance with (limit set to 3) and with interferer limitation set to 20.
4 Conclusion

A new methodology for integrating a link simulator in the system simulator has been described. With this methodology there is no issue with modeling the receiver performance and thus no verification plots are provided. 
The methodology of the integration is described, in particular the simplification of limiting the number of interferers for each burst to save processing power. It has been shown that the limitation to 3 interferers per interferer class has minimum impact on the output from the system level simulation. 
After further analysis, modeling the worst case link level scenarios, an additional requirement which ensures modeling 90 % of interferer energy has been added, which will be used in further system level evaluations of a wide pulse for VAMOS.
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