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Link Level model for SAIC

1. Introduction

At the TSG GERAN #12 meeting it was agreed to initiate a work item for a feasibility study on Single Antenna Interference Cancellation (SAIC) in order to investigate the feasibility of introducing SAIC in GSM/EDGE terminals. An important part of the feasibility study is to develop a realistic link level model to be used for the evaluation of the performance of SAIC capable mobiles. During the TSG GERAN #12 meeting it was agreed to analyse the interference received by mobiles in relevant SAIC network scenarios and use this information to develop the necessary link level model. In the SAIC Workshop #1 some realistic network scenarios were defined and some preliminary investigations for these scenarios were presented in the TSG GERAN #13 meeting [8][9][10].

In this contribution an analysis is made for the defined network configuration 3 using traces of data from a dynamical network simulator. The outcome of the analysis are two proposed link level models to be used when assessing the link level performance for configuration 3 at 40% and 70% load in the SAIC feasibility study. 

2. Definitions

In GSM/EDGE the performance of the mobiles in interference limited scenarios have traditionally been evaluated for a single interfering signal at a high input level where the sensitivity performance of the mobile will have no or very little influence. This can be described by the conventional CIR (Carrier to Interference Ratio):
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where C is the power of the carrier, I the power of an interfering signal (co- or adjacent channel interference) and N0 the thermal noise. Although widely used, for evaluation this ideal one interferer situation happens very rarely in practice especially when the network is high loaded. When using e.g. AMR a high frequency load can be expected and consequently the mobiles will receive interference from a number of base stations at the same time. This can easily be introduced in the above definition of the CIR: 
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Ik can be both co- and adjacent channel interference (for the adjacent channel interference a realistic ACP (Adjacent Channel Protection) shall be used e.g. ACP=18dB). 

For a small number of interfering base stations the performance of a conventional receiver will be identical for the two definitions, but for a SAIC mobile the performance (interference cancellation capability) will depend upon the distribution of the interferer powers. An initial, simple measure of the distribution is the power of the rest of the interferers. The ratio can be described by the DIR (Dominant to rest of Interference Ratio):
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where Imax is the dominant of the interfering signals (co- or adjacent channel interference). When only a single interferer is active, as in the standard interference test case in 45.005, then the DIR will be identical to the I/N0 of the received interfering signal. Although the standard interference test case is widely used it has been demonstrated in a number of contributions that this test case does not reflect a realistic scenario for a SAIC mobile [8][ 9]
[11].

In [6] a new measure called DIR2 was introduced in the link level model discussion. The DIR2 measure is defined as:
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and basically it can be used to investigate the validity of using a simple two cochannel interferer model when evaluating the SAIC link level performance. In TSG GERAN #13 the DIR2 measure was included in a number of studies and the initial conclusion was that more than two cochannel interferers could be needed in the SAIC link level model [8][ 9][11]. 

3. System model

In this section the configuration parameters for the network simulator is presented. The investigations presented in this document are restricted to configuration 3 agreed in the SAIC Workshop #1 [7] and the simulation model parameters are presented in Table 1 and Table 2
. 

The analysis is based on a macro cell layout of a synchronized network consisting of 75 hexagonal cells each having a cell radius of 750 meters (23 tri-sector sites, two border sites with two antennas and two border sites with one antenna). When the mobiles are moving around this is done along straight paths but with a certain probability the mobiles can change direction. The mobiles are distributed uniformly across the simulation area. The antenna pattern and propagation model is described in UMTS 30.03 as agreed in SAIC Workshop #1 and the TSG GERAN #13 meeting. 

	Parameter
	Value
	Unit

	Log-normal fading
	standard deviation
	6 (900)

8 (1900)
	dB

dB

	
	Correlation distance
	110
	m

	Adjacent channel interference attenuation
	18
	dB

	Handover margin
	3
	dB

	Mobile speed
	TU3
	km/h

	Mean Call length

Minimum Call Length
	90

5
	sec.

sec.

	Voice activity
	60
	%

	DTX
	Enabled
	

	Link adaptation
	Disabled
	

	BTS output power
	20
	W

	Power control

Dynamic Range

Step Size
	RxQual/RxLev

14

2
	dB

dB

	Noise figure
	10
	dB

	Inter-site lognormal correlation coefficient
	0.5
	

	Intra-site lognormal correlation coefficient
	1
	

	Channel allocation
	Random
	


Table 1 Common simulation parameters.

	Parameter
	Value
	Unit

	Synchronisation
	Synchronous
	

	Frequency
	900
	MHz

	Bandwidth
	2.4
	MHz

	Reuse
	1/1 (TCH)
	

	Cell radius
	750
	m

	Hopping
	Random RF
	

	Voice Codec
	AMR 5.9 HR, FR
	

	Frequency load
	40 (HR), 70 (FR)
	%

	Modulation
	GMSK
	


Table 2 Parameters for configuration 3.

4. Interference investigations 

In this section network simulations will be used to analyse the interfering signals received by a mobile in network configuration 3. Based on this analysis both parameters and realistic link level models will be suggested, which can be used to assess realistic link level performance of SAIC terminals. Previous investigations have demonstrated that the modelling will affect the link level performance therefore when investigating the feasibility of SAIC it is crucial to use a realistic link level simulation model [11]. 

The total CIR cdf for the 40% and 70% load setup is plotted in Figure 1 and Figure 2 respectively and completely as expected when increasing the load of the system the CIR will decrease. For the specific configuration the median value of the CIR is decreased from approximately 12dB to 4dB when going from 40% to 70% load. Besides less than 15% of the bursts experience a CIR<5dB when the load is 40% whereas for the 70% loading nearly 60% of the bursts have a CIR<5dB
. Thus the highest SAIC gain can be expected when the loading of the network is high. From the figures it can also be concluded that in both network loadings adjacent channel interference only has a minor impact on the total interference level. Although adjacent channel interference is not crucial in the two scenarios presented in this document the inclusion of adjacent channel interference can be important see e.g. [11].
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	Figure 1 CIR cdf for network configuration 3 and 40% load.
	Figure 2 CIR cdf for network configuration 3 and 70% load.


Next the DIR for the two frequency loads will be analysed using the fact that the DIR can vary for different CIR values (see e.g. Figure 1 or Figure 2 in [8]). To reflect this dependency DIR conditioned on different CIR ranges is plotted in Figure 3 and Figure 4, and completely as expected does DIR depend on the CIR value. Although depending on CIR it can be seen that the worst DIR values occur when the CIR is very high i.e. when a minor link level improvement can be expected from a SAIC receiver. Another observation that can be made from Figure 3 and Figure 4 is when increasing the frequency load then the DIR is lowered (the median value for CIR values in the range [–5dB, 0dB] is reduced from DIR>5dB to DIR(0dB when going from 40% to 70% frequency load). 
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	Figure 3 DIR cdf for network configuration 3 and 40% load.
	Figure 4 DIR cdf for network configuration 3 and 70% load.


The low values of DIR indicate that a single interferer is not dominant in practice and thus a more complicated link level model than the one currently used in 45.005 will be needed. To illustrate that more than two interferers are needed the DIR2 value for the two frequency loads Both figures clearly demonstrate that the use of a simple two interferer model is not sufficient to model the practical interference scenario. 
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	Figure 5 DIR2 cdf for network configuration 3 and 40% load.
	Figure 6 DIR2 cdf for network configuration 3 and 70% load.


Although DIRx gives valuable information about the dominance of interferer x compared to the rest of interference it does not give any information whether interferer x should be modelled exactly (as a co- or adjacent channel interferer) or just included in a residual term modelled as noise. The best way to assess this is to investigate the received power levels of the different interferers and compare to the power level of the carrier (see Figure 7 and Figure 8) and the modelling error (the interference and noise not covered by the model). 
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	Figure 7 Received power level of carrier for network configuration 3 and 40% load.
	Figure 8 Received power level of carrier for network configuration 3 and 70% load.


In Figure 9 and Figure 16 the cdf of the received power level of the first four dominating interferers are plotted and in Figure 17 and Figure 24 the modelling error, when using from one to four cochannel interferers to characterize the interference in the two setups, is demonstrated. 
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	Figure 9 cdf of dominant interferer for network configuration 3 and 40% load.
	Figure 10 cdf of dominant interferer for network configuration 3 and 70% load.
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	Figure 11 cdf of second strongest interferer for network configuration 3 and 40% load.
	Figure 12 cdf of second strongest interferer for network configuration 3 and 70% load.
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	Figure 13 cdf of third strongest interferer for network configuration 3 and 40% load.
	Figure 14 cdf of third strongest interferer for network configuration 3 and 70% load.
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	Figure 15 cdf of fourth strongest interferer for network configuration 3 and 40% load.
	Figure 16 cdf of fourth strongest interferer for network configuration 3 and 70% load.
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	Figure 17 cdf residual error for one cochannel interferer model (40% load).
	Figure 18 cdf residual error for one cochannel interferer model (70% load).
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	Figure 19 cdf residual error for two cochannel interferers model (40% load).
	Figure 20 cdf residual error for two cochannel interferer model (70% load).
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	Figure 21 cdf residual error for three cochannel interferers model (40% load).
	Figure 22 cdf residual error for three cochannel interferers model (70% load).
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	Figure 23 cdf residual error for four cochannel interferers model (40% load).
	Figure 24 cdf residual error for four cochannel interferers model (70% load).


For the 40% load a comparison between Figure 17, Figure 19 and Figure 21 demonstrates that when going from a two to a three cochannel interferer model the median value of the model error is only reduced by approx. 2dB whereas going from one to two cochannel interferes in the model reduced the model error by approx. 4dB. Based on these observations it is recommended that for the scenario having a frequency load of 40% two cochannel interferers are used in the link level model.

In the 70% frequency load setup a comparison between Figure 20, Figure 22 and Figure 24 demonstrates that when increasing the model from two to three interferes the median value of residual error is reduced approx. 3dB
 whereas the inclusion of a fourth cochannel interferer only reduces the residual error by approx. 1dB. Consequently three interferers are considered necessary in the link level model for the 70% loading.

Although the use of two or three cochannel interferers for the two loads characterizes some of the received interference an additional noise contribution has to be added to cope for the rest of the received interference plus thermal noise. For the 40% load the median of this residual interference is more than 10dB lower than the carrier signal whereas for the 70% loading it is only a couple of dB lower
. It is proposed to model this residual co-, adjacent channel interference and thermal noise as a white noise component added after the MS receive filter.

Having proposed the two link level models next the parameters for the different components have to be defined. In principle this has to be done for each of the CIR ranges presented in the plots but in order to make the modelling feasible in practice this will only be done for the lowest CIR range. For the rest of the ranges the same ratios between the different interfering and noise terms will be used but the sum of the interference will be scaled to give the actual CIR. One limitation in this simplified modelling is that the DIR, DIR2 etc. will be constant for the different ranges and as can be seen in Figure 3-Figure 6 these do vary with CIR. Although this is a limitation in the proposed models it is considered acceptable because e.g. the DIR variations in the expected SAIC operating range is limited
. The parameters (power compared to the power of the carrier) for the two link level models are presented in Table 3
 and if compared to the DIR and DIR2 in Figure 3-Figure 6 the parameters will produce the same values for the lowest CIR range.

	Model Component
	Parameters 40% Load
	Parameters 40% Load

	Dominant interferer
	5dB
	-4dB

	Second strongest interferer
	13dB
	2dB

	Third strongest interferer
	
	6dB

	Residual noise (modelled as white noise)
	13dB
	3dB


Table 3 Proposed parameters for SAIC link level model of network configuration 3.

5. Conclusions

In this contribution the interference statistics of configuration 3 for two different frequency loads have been investigated. As expected when increasing the CIR then the DIR value will be reduced. Besides for high frequency loads very low CIR values can be observed indicating the potential of high SAIC gain. From the analysis two different link level models have been proposed. The first model, for the 40% loaded network, consists of two cochannel interferers and an additional white noise term. For the 70% loaded network the proposed model contains three cochannel interferers and a white noise component. Besides the two models a recommended set of parameters are given. 
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� In the simulations burst level Rayleigh fading has been used.


� The largest SAIC gain is expected for low CIR values.


� For the lowest CIR range.


� Analysed in the lowest CIR range, if a higher CIR range is chosen (e.g. from –5dB to 0dB) then the residual noise is approx. 10dB lower than the carrier signal.


� � REF _Ref34484980 \h ��Figure 3� demonstrates that for the 40% loading the DIR variation for CIR<10dB is less than 5dB and in � REF _Ref34484983 \h ��Figure 4� the same can be concluded for 70% loading.


�  The parameters are given as dB offsets to the carrier signal. To give the correct CIR an adjustment of the sum of the interfering signals is needed. 
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