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Interference statistics for evaluation of SAIC

1 Introduction

In this contribution, interference statistics are presented for important network scenarios. The scenarios agreed at the GERAN SAIC ad hoc meeting have been used as far as possible. Where no agreement was reached, values have been assumed. Due to limitations of the simulator environment, some deviations from the agreement were made. Most important, only synchronous networks were studied at this time.

2 Scenarios

As far as possible, the agreements from the SAIC ad hoc and email discussions afterwards have been used. The used simulation parameters are listed in the tables below. Table 1 contains parameters common to all configurations. Table 2, Table 3 and Table 4 contains parameters for the respective configurations. Parameter values that deviate from the agreement are marked in blue and motivated in the comment column.

2.1 Parameters common to all configurations

	Parameter
	Value
	Unit
	Comment

	Sectors (cells) per site
	3
	
	

	Sector antenna pattern
	Similar to [2], 65( beamwidth
	
	Due to corner excited cells.

	Propagation model
	UMTS 30.03
	
	120.9+37.6log10d [d in m] @ 900 MHz

127.7+37.6log10d [d in m] @ 1900 MHz

	Log-normal fading 
	standard deviation
	6 (900)

8 (1900)
	dB

dB
	

	
	Correlation distance
	110
	m
	

	Adjacent channel interference attenuation
	18
	dB
	Carrier +/- 200 KHz

	Handover margin
	3
	dB
	

	Mobile speed
	TU3
	km/h
	TU50 is for further study.

	Mean Call length

Minimum Call Length
	90

5
	sec.

sec.
	

	Voice activity
	60
	%
	Includes SID signalling.

	DTX
	Enabled
	
	

	Link adaptation
	Disabled
	
	

	BTS output power
	20
	W
	43 dBm

	Power control

Dynamic Range

Step Size
	RxQual/RxLev

14

2
	dB

dB
	

	Noise figure
	10 
	dB
	noise level = -110 dBm

	Channel allocation
	Random
	
	


Table 1. Simulation parameters common for all configurations.

2.2 Configuration 1

	Parameter
	Value
	Unit
	Comment

	Synchronisation
	Synchronous
	
	Limitation in simulator. Asynchronous is for further study.

	Frequency
	900
	MHz
	

	Bandwidth
	5.4
	MHz
	According to agreement but excluding BCCH frequencies.

	Reuse
	3/9 (TCH)
	
	No BCCH simulated. 

	Cell radius
	750
	m
	

	Hopping
	Baseband
	
	

	Voice Codec
	AMR 12.2 FR
	
	

	Blocking
	2
	%
	

	Modulation
	GMSK
	
	8PSK is for further study.

	Inter-site lognormal correlation coefficient
	0.5
	
	No agreement reached.

	Intra-site lognormal correlation coefficient
	1
	
	No agreement reached.


Table 2. Simulation parameters for configuration 1.

2.3 Configuration 2

	Parameter
	Value
	Unit
	Comment

	Synchronisation
	Synchronous
	
	Asynchronous is for further study.

	Frequency
	1900
	MHz
	

	Bandwidth
	1.2
	MHz
	

	Reuse
	1 (TCH)
	
	

	Cell radius
	1000
	m
	

	Hopping
	Random RF
	
	

	Voice Codec
	AMR 5.9 FR
	
	HR is for further study.

	Frequency load
	10, 20, 40
	%
	

	Modulation
	GMSK
	
	8PSK is for further study.

	Inter-site lognormal correlation coefficient
	0.5
	
	No agreement reached.

	Intra-site lognormal correlation coefficient
	1
	
	No agreement reached.


Table 3. Simulation parameters for configuration 2.

2.4 Configuration 3

	Parameter
	Value
	Unit
	Comment

	Synchronisation
	Synchronous
	
	Asynchronous is for further study.

	Frequency
	900
	MHz
	

	Bandwidth
	2.4
	MHz
	

	Reuse
	1 (TCH)
	
	

	Cell radius
	750
	m
	

	Hopping
	Random RF
	
	

	Voice Codec
	AMR 5.9 FR
	
	HR is for further study.

	Frequency load
	25, 40, 70
	%
	

	Modulation
	GMSK
	
	

	Inter-site lognormal correlation coefficient
	0.5 and 0
	
	No agreement reached.

	Intra-site lognormal correlation coefficient
	1 and 0
	
	No agreement reached.


Table 4. Simulation parameters for configuration 3.

2.5 Configuration 4

	Parameter
	Value
	Unit
	Comment

	Synchronisation
	Synchronous
	
	Limitation in simulator. Asynchronous is for further study.

	Frequency
	900 MHz
	
	

	Bandwidth
	7.2 MHz
	
	

	Reuse
	1/3 (TCH)
	
	

	Cell radius
	750
	m
	

	Hopping
	Random RF
	
	

	Voice Codec
	AMR 12.2 FR
	
	

	Frequency load
	30
	%
	

	Modulation
	GMSK
	
	8PSK is for further study.

	Inter-site lognormal correlation coefficient
	0.5
	
	No agreement reached.

	Intra-site lognormal correlation coefficient
	1
	
	No agreement reached.


Table 5. Simulation parameters for configuration 4.

3 Measured quantities

The quantities listed below have been extracted from the simulations. All quantities are measured per burst and presented as histograms in section 4.

· Carrier to Interference plus Noise Ratio (CINR) – the carrier power divided by the total interference and noise power. Adjacent interferers were suppressed 18 dB.

CINR = C/(Itot+N)

· Dominant-to-rest Interference Ratio (DIR) – the power of the dominant interferer divided by the sum of all other interferers and noise. Adjacent interferers were suppressed 18 dB. Only bursts where the CINR is below 10 dB were taken into account.

DIR = I1/(Itot- I1+N)

· The DIR has been separated into two cases:

· DIRco – bursts where the dominant interferer is a co-channel interferer

· DIRadj – bursts where the dominant interferer is an adjacent channel interferer

· Second Dominant-to-rest Interference Ratio (DIR2) – the power of the second strongest interferer divided by the sum of all other interferers, except the dominant, and noise. Adjacent interferers were suppressed 18 dB. Only bursts where the CINR is below 10 dB were taken into account.

· Fraction of the bursts where the dominant interferer is a co-channel interferer. Only bursts where the CINR is below 10 dB were taken into account.

· Fraction of the bursts where the dominant interferer is an adjacent channel interferer. Only bursts where the CINR is below 10 dB were taken into account.

· Fraction of the bursts where the dominant “interferer” is noise. Only bursts where the CINR is below 10 dB were taken into account.

Note: The limit of CINR<10dB has been chosen assuming a speech service. For data services, statistics for bursts with CINR values above 10dB may be interesting as well since SAIC may give higher data rates in this case.

4 Results

CINR and DIR histograms for the different configurations are presented in section 4.1 to 4.4. Where alternative parameter values exist for one scenario, results are presented for each sub-configuration. In Table 6, some simulation results are summarised.

A discussion of the results can be found in section 5.

	Configuration
	Load
	Inter/intra site lognormal correlation
	Number of bursts
	Fraction of bursts where CINR<10dB
	Fraction of bursts (of the bursts with CINR<10dB) where dominant interferer is

	
	
	
	
	
	co-channel
	adjacent channel
	noise

	1
	blocking 2%
	Yes
	282880
	2.97%
	82.3%
	14.4%
	3.3%

	2
	10%
	Yes
	104312
	30.1%
	85.9%
	12.4%
	1.7%

	
	20%
	Yes
	194896
	44.0%
	88.0%
	11.6%
	0.3%

	
	40%
	Yes
	374400
	54.6%
	88.9%
	10.8%
	0.3%

	3
	25%
	No
	504504
	43.1%
	89.0%
	11.0%
	0.0%

	
	
	Yes
	507832
	43.1%
	87.2%
	12.8%
	0.0%

	
	40%
	No
	388544
	53.6%
	89.0%
	11.0%
	0.0%

	
	
	Yes
	784160
	53.1%
	88.5%
	11.5%
	0.0%

	
	70%
	No
	650832
	70.4%
	90.5%
	9.5%
	0.0%

	
	
	Yes
	679120
	69.4%
	88.8%
	11.2%
	0.0%

	4
	30%
	Yes
	624104
	9.65%
	87.7%
	12.0%
	0.3%


Table 6. Summary of some results from the simulations.

4.1 Configuration 1
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Figure 1. Histograms for configuration 1. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.

Note: Since the fraction of bursts having a CINR<10dB is low in this configuration, the DIR histograms are based on a small amount of data, hence the “un-smooth” distributions.

4.2 Configuration 2

4.2.1 Frequency load = 10%
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Figure 2. Histograms for configuration 2 with 10% frequency load. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.2.2 Frequency load = 20%
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Figure 3. Histograms for configuration 2 with 20% frequency load. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.2.3 Frequency load = 40%
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Figure 4. Histograms for configuration 2 with 40% frequency load. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3 Configuration 3

4.3.1 Frequency load = 25%

4.3.1.1 Without inter- and intra-site lognormal correlation

[image: image17.wmf][image: image18.wmf]
[image: image19.wmf][image: image20.wmf]
Figure 5. Histograms for configuration 3 with 25% frequency load, without inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3.1.2 With inter- and intra-site lognormal correlation
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Figure 6. Histograms for configuration 3 with 25% frequency load, with inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3.2 Frequency load = 40%

4.3.2.1 Without inter- and intra-site lognormal correlation
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Figure 7. Histograms for configuration 3 with 40% frequency load, without inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3.2.2 With inter- and intra-site lognormal correlation
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Figure 8. Histograms for configuration 3 with 40% frequency load, with inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3.3 Frequency load = 70%

4.3.3.1 Without inter- and intra-site lognormal correlation
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Figure 9. Histograms for configuration 3 with 70% frequency load, without inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.3.3.2 With inter- and intra-site lognormal correlation
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Figure 10. Histograms for configuration 3 with 70% frequency load, with inter- and intra-site lognormal correlation. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
4.4 Configuration 4
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Figure 11. Histograms for configuration 4. Upper left: CINR. Upper right: DIRco. Lower right: DIRadj. Lower left: DIR2. The DIR plots take into account only burst with CINR<10 dB.
5 Discussion

5.1 Fraction of bursts with CINR<10dB

From Table 6 it can be seen that the fraction of bursts with CINR<10dB is very different in the different configurations. For configuration 1 and 4, this fraction is low, 3% and 10%, respectively. For these configurations, the gains from SAIC will likely be limited. This is natural since in these rather sparse reuse networks there is not much interference to cancel. However, Figure 11 shows that the DIR is quite high in configuration 4, so for the 10% of the bursts with CINR<10dB, SAIC can be expected to give large gains.

For configuration 2 and 3, a large fraction of the bursts have a CINR<10dB. The gains from SAIC will likely be larger for these configurations.

5.2 Co-channel, adjacent channel interference and noise

Table 6 also shows that among the bursts having a CINR<10dB, co-channel interference is dominant most of the time. Only in about 12% of the bursts, the dominant interferer is an adjacent interferer.

In all configurations, the fraction of bursts having a dominant noise is very small. Note that this is the case for bursts with CINR<10dB. Looking at all bursts regardless of CINR, the fraction may be higher.

5.3 Inter- and intra-site lognormal correlation

Comparing the results with and without inter- and intra-site lognormal fading correlation (cf. Table 6, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10), it is clear that this correlation has minor impact on the interference environment. This is since only the downlink is studied.

5.4 DIR

As expected, the DIRco distribution is moved towards lower values as the load increases. It can also be seen that the DIR is similar for configuration 2 and 3 for the same frequency load (cf. Figure 4 and Figure 8).

6 Conclusions

The statistics from the different scenarios shows that it is in tight reuse networks SAIC has the potential to give large gains. For the tight reuse networks it can be seen that the potential of SAIC (bursts with CNIR<10dB) increases with increasing frequency load, while at the same time the DIR decreases, which reduces the potential SAIC gains. However, it can still be expected that SAIC will give significant gains in tight reuse networks. In sparse reuse networks there is only a small fraction of the bursts who experience a CIR low enough to achieve a gain from SAIC. This is natural since in sparse reuse networks there is not much interference to cancel, and hence the gains from SAIC will be limited.
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