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1. Introduction

In this contribution initial system simulation results are presented for two different system configurations derived from [1]. The results are intended to help assess the appropriate interference scenarios that should be modeled at the link level of the Single Antenna Interference Cancellation (SAIC) assessment process, and to help identify which aspects of system behaviour should be captured in a system-to-link simulator interface. The results are also designed to provide insight into whether SAIC methods will likely yield good capacity improvements once more sophisticated modeling methods are applied
. 

The contribution first presents the system simulation assumptions and nomenclature, followed by the system simulation results. A discussion of the results follows, accompanied by conclusions drawn from the data.

2. System-level Simulation Assumptions

The system simulation results reported for this study were derived at the burst level, assuming synchronous network operation. Future studies will include asynchronous networks.

Two exemplary system scenarios from [1] were chosen for the initial study. The associated system parameters are presented in Table 1.

	Identifier
	Units
	Value

	Carrier Frequency
	MHz
	900

	Antenna Pattern
	-
	Section B.1.5 of [3]

	Spectrum Allocation
	MHz
	2.4 MHz: 12 FH carriers. No BCCH carriers

	BCCH Layer Reuse
	-
	Not Applicable

	FH Layer Reuse
	-
	1:3:1


	FH method
	-
	Random RF Hopping

	Cell Radius
	m
	750

	No. Cell Rings
	rings
	3


	BTS Maximum Radiated Power
	dBm
	43

	Propagation Loss Model
	dB
	See [3].

	Lognormal Decorrelation Dist.
	m
	100

	Lognormal Standard Deviation
	dB
	6

	Inter-site Lognormal Correlation Coefficient
	-
	0.5

	Intra-site Lognormal Correlation Coefficient
	-
	1

	Power Control Dynamic Range
	dB
	30


	Power Control Steps
	dB
	2

	DTX
	-
	60% On, 40% Off

	Call length
	secs
	Exponentially distributed with mean 90sec, 5 sec min. call duration; 5 minute max. call duration.

	System Frequency Load
	%

	40, 70.

	Logical Channel Type
	-
	AMR 5.9kbps

	Adjacent Channel Attenuation
	dB
	18

	Receiver Noise Figure
	dB
	10


Table 1 – System simulation parameters used for initial system studies.

2.1. Statistics collected in System Simulation.

The system simulator collected statistics for every burst of each active call that occurred in the center site. Five thousand calls were modeled for each system load reported. The resulting statistics are reported in terms of the nomenclature initially defined in [2], and re-iterated here for the convenience of the reader.
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represents the desired signal power received at the mobile; 
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 etc. represent the unordered co-channel interference processes from interfering source A, B etc.; 
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etc. represent the upper adjacent channel interference processes. Finally 
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represents the receiver thermal noise power.

These variables were processed to generate the following set of statistics: 

Strongest co-channel interferer power – 
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: The power of the strongest co-channel interferer.

Second strongest co-channel interferer power – 
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: The power of the 2nd-strongest co-channel interferer.

Sum of upper adjacent channel interferer power – 
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ACI

: The sum of the power of all the  interferers present in the upper adjacent channel as seen by the desired carrier:
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Sum of upper adjacent channel interferer power – 
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: The sum of the power of all the interferers present in the lower adjacent channel as seen by the desired carrier:
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First Dominant Interference Ratio – 
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DIR

: This is the ratio between the strongest co-channel interference process and the sum of the remaining interference plus noise observed by the receiver:
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Second Dominant Interference Ratio – 
[image: image14.wmf]2

DIR

: This is the ratio between the second strongest co-channel interference process and the sum of the remaining interference plus noise present in the system with the exception of the strongest co-channel interference process:
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Signal to Interference and Noise Ratio – 
[image: image16.wmf]SINR

: This is the ratio between the desired signal and the sum all the interference processes, plus the receiver thermal noise.
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Effective SAIC Signal to Interference and Noise Ratio – 
[image: image18.wmf]SAIC

SINR

: This is a theoretical bound on the SINR of a SAIC mobile that would have been achieved by a terminal capable of entirely eliminating the strongest interferer, i.e. it is the signal-to-noise ratio with the first co-channel interference term removed:
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While crude, and while the system power control was not driven by 
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SINR

 but rather by RXQUAL and related metrics based on the conventional 
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 (and hence the base station radiated power to the terminals was more than might be expected with SAIC), 
[image: image22.wmf]SAIC

SINR

 may offer some useful insight to the SAIC study process.

All the statistics were calculated once for every burst so that the appropriate joint probability distributions could be computed.

3. Simulation Results

Figure 1 and Figure 2 show the joint probability density functions of the signal to interference and noise ratio (SINR) and the first dominant interference ratio (DIR1) for system frequency loads of 40% and 70% respectively. These figures are useful in identifying the likelihood that the interference environment in which an SAIC receiver is operating is likely to permit significant gain vs. a conventional receiver. The region of the figures in which useful SAIC gain is assumed to occur is the region characterized by low SINR and high DIR1 – i.e. the upper left quadrant of the figures.

It can be seen from Figure 1 that in a system with 40% load, while there are regions with high DIR and low SINR, the bulk of the probability mass lies in the high SINR region (SINR≥10dB). Correspondingly, the low SINR region (i.e. SINR<10dB) does not generally correspond to high DIR1 values (although there were a limited number of events where 5dB≤DIR1≤10dB and SINR≤5dB). In fact, as illustrated in Figure 8, the mode of the marginal probability density function of DIR1, when unconditioned on SINR, was approximately equal to -1dB at 40% load.

Not surprisingly, Figure 2 shows that the joint (SINR,DIR1) probability mass for a system with a 70% load is shifted significantly towards the lower SINR region compared to the case with 40% loading. The joint probability density function still indicates, however that DIR1 is still relatively low. Not surprisingly given the increase in load, and as shown in Figure 8, the mode of the marginal DIR1 distribution for the 70% load case (when unconditioned on SINR) was approximately -1.5dB – i.e. lower than the 40% loading case. 

Figure 3 and Figure 4 are presented to help understand the need for explicit modeling of adjacent channel interference at the link simulation level. It can be seen from these two figures that the likelihood that the adjacent interference power approaches the power of the first co-channel interference is relatively low. For the 40% load case, the strongest co-channel interferer was generally 10-15dB greater than the sum of the adjacent channel interference, although this reduced to around 10dB for 70% loading. Given the distribution of DIR1 in Figure 8, and although there were instances where the sum of the adjacent channel interference was equal to, or even greater than, the largest co-channel interferer, it would appear that the sum of the adjacent channel interference was generally significantly less than the sum of the co-channel interference, and – to a first approximation – it may be reasonable to neglect the adjacent channel interference in a first assessment of SAIC effectiveness, provided receiver designs are shown to maintain 18dB adjacent channel rejection under all co-channel interference conditions.

Turning to the role of internal receiver thermal noise, the noise floor of the receivers considered in this study was -111dBm, assuming a 200kHz noise-equivalent bandwidth and a 10dB noise figure. Clearly, the joint probability density functions of Figure 3 and Figure 4 suggest that both the observed dominant co-channel interferer and the sum of the adjacent channel interference were likely to be significantly greater than -111dBm, suggesting that thermal noise is a second-order effect in establishing SAIC receiver performance.

Figure 5 shows the joint probability of the sum of the received power from the upper and lower adjacent channels (i.e. ACI1 and ACI2). It can be seen that, as expected, the joint PDF of this interference is symmetrical about the equal power contour. Figure 6 shows the marginal cumulative distribution function of the upper one-sided adjacent channel interference process (ACI1) for both system loads. Note that in both cases, there is no upper adjacent channel interference present with probability 1/12, which explains the asymptotic behaviour at low power levels. Figure 6 again shows that the power of the adjacent interference for the 70% load is significantly higher than for the 40% load. In fact, the median value of ACI1 was around 5dB greater (as indicated above). Since SAIC receivers would be designed to operate under heavier system loads, the importance of modeling the adjacent channel processes in the link simulations therefore potentially increases, although – from Figure 3 and Figure 4 – since the co-channel interference also increases by a similar amount, co-channel interference appears to remain the primary interference source.

Figure 7 and Figure 8 illustrate the relationship between the first and second dominant interferer ratios. Figure 7 – which shows the joint probability density function of DIR1 and DIR2 – indicates that high DIR2 ratios do not occur frequently, regardless of the value of DIR1. Figure 8 shows the marginal distributions for DIR1 and DIR2 for the two loads considered. The modes of DIR1 and DIR2 are less than 0dB for both loads, suggesting that the single co-channel interferers may not be dominant and that link-layer modelling of interferers beyond the 2nd-order interferer is required.

Finally Figure 9 and Figure 10 are offered to provide some crude but illustrative guidance concerning gains that might be achieved with SAIC receivers. Figure 9 shows the joint probability of SINR and SINRSAIC, where – as outlined above – SINRSAIC is the SINR computed assuming the dominant co-channel interferer is completely suppressed. Obviously, the further SINRSAIC is from the SINR=SINRSAIC contour the greater the potential gain from SAIC. This potential gain can be better seen in Figure 10 where the cumulative distribution functions of SINR and SINRSAIC are shown from the two different offered loads. For the 40% loaded system, one can see that a SAIC receiver capable of dominant co-channel rejection could potentially offer SINR gains of 3-4dB (this appears consistent with the marginal DIR distributions of Figure 8). Significantly, the gains for the 70% loaded system are approximately the same.

4. Conclusions

While the results presented here do not represent a complete assessment of the system configurations defined in [1] (results for the remaining configurations will be provided at GERAN#14), several characteristics do emerge:

1. Dominant interference ratios – the modes of DIR1 and DIR2 were below 0dB, regardless of system load. Accordingly, it is proposed that at least 2 co-channel interferers be defined at the link level, with DIR1 and DIR2 modelled using values of -1.5dB and -4dB respectively. Co-channel interferers higher than order 2 are significant, however, and it is proposed that the number of additional co-channel interferers required beyond 2 be studied further.

2. Adjacent channel interference – the sum of the adjacent channel interference was found, in general, to be significantly less than the co-channel interference, although there were low-probability events where the co- and adjacent channel interference were roughly comparable. Importantly, however, maintenance by SAIC receivers of adjacent channel rejection of 18dB under all co-channel conditions was assumed. Accordingly, it is proposed that link-level performance of SAIC receivers be assessed primarily in terms of co-channel interference, but that – for all co-channel test conditions specified – receivers should be shown to be capable of maintaining 18dB of adjacent channel rejection. The number, burst structure, and relative power of the adjacent channel interferers comprising the adjacent channel interference source should be studied further.

3. Thermal noise – for the path-loss model and cell radii assumed in Table 1, thermal noise does not appear to be an important contributor to the total SINR observed by terminals and could be neglected in an initial assessment.

Importantly, these observations apply solely to the synchronous case, and a similar analysis will be required for asynchronous networks.

Further, SAIC receivers capable of ideal dominant co-channel interferer rejection appear capable of improving forward link SINR by at most 3-4dB in the synchronous configurations reported here. This may provide some guidance on ultimate performance, although importantly it does not recognise improvements achievable by receivers capable of multiple interferer rejection.

Finally, it may be important to recognise the potentially paradoxical interaction between base station power control and SAIC in establishing link-level statistics. Regardless of system load, the results reported here assumed base station power control algorithms serving conventional terminals, potentially leading to higher radiated power levels than would be needed in an SAIC-equipped network, and therefore increased interference levels. Accordingly, the accurate definition of link level interference statistics observed by SAIC receivers may not be feasible without first making some assumptions about SAIC capability in the system simulations.
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6. Appendix A– Figures
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Figure 1: Joint probability density function of SINR and Dominant Interference Ratio (DIR1) for a 40% loaded system.
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Figure 2: Joint probability density function of SINR and Dominant Interference Ratio (DIR1) for a 70% loaded system.
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Figure 3 - Joint probability density function of the strongest co-channel interferer (I1) and the sum of the adjacent channel(s) interference (i.e. ACI1 plus ACI2). Load=40%.
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Figure 4 – Joint probability density function of the strongest co-channel interferer (I1) and the sum of the adjacent channel(s) interference (i.e. ACI1 plus ACI2). Load=70%.
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Figure 5 - Joint probability density function of the 2 sides of the adjacent channel interference. Load = 40%. (Note that the graph is symmetrical)
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Figure 6 - Cumulative Distribution of the one-sided sum of adjacent channel interference for a 40% loaded system and a 70% loaded system.
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Figure 7 - Joint probability density function between the 1st and second dominant interference ratios. Load=70%
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Figure 8 - Marginal probability density functions for the first and second dominant interference ratios. System loads of 40% and 70% loaded system.
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Figure 9 -  Joint probability function between the SINR and the Effective SAIC SINR. Load=70%.
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Figure 10 - Marginal cumulative distribution function of SINR and Effective SAIC SINR at 40% load and 70% load.





































�Up to now, discussions in GERAN have tended to identify maximum SAIC effectiveness as occurring in that region where the signal to interference and noise ratio (SINR) is low and the dominant interference ratio (DIR) is high. This case is examined in what follows.


� Implying a single frequency group, re-used in all sectors of a 3-sector network.


� Statistics were collected in all three sectors of the centre cell; wrapping was not applied.


� Recent GERAN reflector discussions on limiting the dynamic range came too late to be included here. It is not believed that this would have a very significant effect on the results.


� Percentage of time that a TCH is in use. Must be used in conjunction with DTX to accurately model percentage of time that TCH is transmitting a burst. 


� That is, the interference to carrier � EMBED Equation.DSMT4  ��� observed at frequency � EMBED Equation.DSMT4  ���.


� Including adjacent channel attenuation of 18dB.


� Note that when the desired carrier is at the upper edge of the allocated spectrum (assumed contiguous), no power is present in ACI1. Conversely when the desired carrier is at the lower edge, no power is present in ACI2.


� When conditioned on low SINR (see � REF _Ref31819464 \h ��Figure 1� and � REF _Ref31819469 \h ��Figure 2�) DIR1 does increase, but whether this condition occurs sufficiently frequently over the network to give a significant improvement in system performance remains open.





_1105621541.unknown

_1105621968.unknown

_1105622385.unknown

_1105695654.unknown

_1105695691.unknown

_1105695726.unknown

_1105678791.vsd

_1105679127.vsd

_1105622300.unknown

_1105622324.unknown

_1105622168.unknown

_1105621821.unknown

_1105621955.unknown

_1105621661.unknown

_1105560144.unknown

_1105560642.unknown

_1105621047.unknown

_1105621505.unknown

_1105621026.unknown

_1105560520.unknown

_1105558762.unknown

_1105560119.unknown

_1105558402.unknown

