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1. Introduction

In [3], co- and adjacent channel interference statistics were reported for 40% and 70% frequency loading for the synchronous instance of system configuration 3 defined in [1]. This contribution reports statistics generated for configurations 2 and 4 of [1], and makes further observations on specification of synchronous link-level interference scenarios for SAIC receiver performance assessment.

2. System-level Simulation Assumptions

The system simulation results reported for this study were derived at the burst level, assuming synchronous network operation. The simulator configuration and associated analysis for Configuration 3 was described in detail in [3], and aside from parameter changes, the same approach was used to generate results for Configurations 2 and 4 reported here. Those features of the simulator that were invariant between configurations are summarised in  Table 1.

	Identifier
	Units
	Value

	Number of Sectors per Site
	-
	3

	Sector Antenna Pattern
	-
	Section B.1.5 of UMTS 30.03 [2]

	Number of Cell Rings
	rings
	3


	BTS Maximum Radiated Power
	dBm
	43

	Propagation Loss Model
	dB
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	Lognormal Decorrelation Dist.
	m
	100

	Lognormal Standard Deviation
	dB
	6 (900MHz)

	
	
	8 (1900MHz)

	Inter-site Lognormal Correlation Coefficient
	-
	0.5

	Intra-site Lognormal Correlation Coefficient
	-
	1

	FH method
	-
	Random RF Hopping

	Power Control Dynamic Range
	dB
	30


	Power Control Steps
	dB
	2

	DTX
	-
	60% On, 40% Off

	Call length
	s
	Exponentially distributed: 

- mean = 90s 

- min. call duration = 5s

- max. call duration = 300s

	Adjacent Channel Attenuation
	dB
	18

	Receiver Noise Figure
	dB
	10 (-111dBm noise power in assumed 200kHz noise-equiv. BW)


Table 1 – Simulation parameters common to all configurations.

Those parameters which were specific to each particular configuration are summarised in Table 2.

	Identifier
	Units
	Value

	
	
	Configuration 2
	Configuration 3
	Configuration 4

	Carrier Frequency
	MHz
	1900
	900
	900

	Spectrum Allocation
	MHz
	1.2 MHz: 
6 FH carriers
	2.4 MHz: 
12 FH carriers
	7.2 MHz: 
36 FH carriers

	FH Layer Reuse
	-
	1/1
	1/1
	1/3

	Cell Radius
	m
	1000
	750
	300

	System Frequency Load
	%

	40

	40, 70
	30

	Logical Channel Type
	-
	AMR 5.9kbps (FR
)
	AMR 5.9kbps (FR)
	AMR 12.2kbps


Table 2 – Summary of configuration-specific parameters
Results for the 40% and 70% load cases for Configuration 3 were reported in [3]. Accordingly, this contribution reports results for Configuration 2 at 40% frequency load and Configuration 4 at 30% frequency load.

3. Simulation Results

3.1. Thermal Noise Limitation
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Figure 1 – CDF of total co-channel and adjacent channel interference –
Configurations 2 and 4.

Figure 1 shows the distribution of the sum of the power received from all co-channel interferers plus all adjacent channel interferers (i.e. both upper- and lower-frequency 1st-adjacent interferers). The data indicates that the median total interference level for Configuration 4 at 30% load (approx. -80dBm) was higher than that of Configuration 2 at 40% load (approx. -95dBm). 

More importantly, it can be seen for both configurations that the sum of the interference processes exceeds that of the assumed thermal noise floor of the receiver (-111dBm) with high probability. This is consistent with the finding in [3] that thermal noise may, for the configurations studied, be neglected in an initial study of SAIC utility as a means of enhancing system capacity. 

This does not mean however, that robust SAIC receiver performance should not be verified in noise-limited scenarios. Accordingly, it is recommended that a limited assessment of SAIC receiver performance as a function of 
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 should still comprise part of link level assessment.

3.2. Dominant Interference Ratios
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Figure 2 – PDF’s and CDF’s of DIR1-DIR5 – Configurations 2 and 4.

	Configuration
	Median DIR (dB)

	
	DIR1
	DIR2
	DIR3
	DIR4
	DIR5

	2
	-1.9
	-5.6
	-8.1
	-10.1
	-12.0

	4
	0.3
	-4.4
	-8.9
	-13.9
	-19.7


Table 3 – Median DIR’s – Configurations 2 and 4.

Figure 2 shows the PDF and CDF of the co-channel Dominant Interference Ratio (DIR) for DIR1-DIR5 for Configurations 2 and 4. The corresponding median DIR values appear in Table 3. It can be seen that the DIR values of the strongest interferers (I1, I2) were elevated for Configuration 4 compared to Configuration 2, but that – due to the reduced frequency load and cell size – DIR values for lower-order interferers (I3, I5) were generally less for Configuration 4.

In neither configuration was there strong evidence that single co-channel interferers were dominant. In Configuration 2, for example, DIR1 was less than 3dB for 80% of the observed bursts. Rather, the observed DIR’s pointed – as for Configuration 3 [3] – towards multiple significant co-channel interferers for each burst.

3.3. Number of Significant Co-Channel Interferers
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Figure 3 – Co-channel interferer PDF’s – Configurations 2 and 4.

Figure 3 provides further insight into the number of significant co-channel interferers observed per burst. Each graph shows the distribution of the 5 strongest observed co-channel interferers I1-I5 (I1 strongest), along with the distribution of the sum of all co-channel interferers plus the distribution of the residual co-channel interference after  interferers I1-I5 are subtracted from the total observed co-channel interference.

As might be expected given larger spectrum allocation and lesser frequency loading for Configuration 4, there are a significant number of cases where there was no significant interferer of order 3-5. This is perhaps better illustrated in the corresponding CDF’s of Figure 4, where the absence of the n-th order interferer leads to “flooring” of the CDF in Configuration 4 (since the allocated interferer power is effectively minus infinity).
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Figure 4 – Co-channel interferer CDF’s – Configurations 2 and 4.

This suggests that the number of significant co-channel interferers for Configuration 4 would be expected to be less than that for Configuration 2. Further evidence for this appears in Figure 5 which shows the ratio 
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 of the sum of the k strongest co-channel interferers to the residual co-channel interference. That is, if the total co-channel interference is 
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Figure 5 – Co-channel residual power ratio – Configurations 2 and 4.

Thus, for example in Configuration 2, a model which included the 5 strongest interferers would ensure with 95% confidence that the total residual co-channel interference (i.e. the interference that was not modelled) was at least 3dB below the sum of the power of the selected interferers. Selection of the strongest 2 interferers would achieve the same aim in Configuration 4.

3.4. Adjacent Channel Interference


[image: image13.wmf]-40

-20

0

20

40

60

80

0

0.2

0.4

0.6

0.8

1

Ratio Total Co. to Total Adj. Interference (dB)

Cumulative Distribution Function

CDF - Ratio Total Co. to Total Adj. Interference (dB)

-40

-20

0

20

40

60

80

0

0.2

0.4

0.6

0.8

1

Ratio Total Co. to Total Adj. Interference (dB)

Cumulative Distribution Function

CDF - Ratio Total Co. to Total Adj. Interference (dB)

Config 2

Config 4


Figure 6 – Ratio of total co- to total adjacent channel interference – Configurations 2 and 4. 

The significance of adjacent channel interference for each configuration can be observed in Figure 6, which shows the ratio of total co-channel interference to total adjacent channel interference (i.e. upper plus lower). It can be seen that while co-channel interference is generally more significant (the median ratios were approx. 7dB in each case), there was a significant, non-zero probability that the adjacent channel interference was dominant. This suggests, it may be prudent to include an adjacent channel interference component in the link level models.
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Figure 7 – Residual primary co- plus adjacent interference.

Further guidance on the number of significant adjacent channel interferers can be obtained from Figure 7, which shows a modified form of the residual co-channel ratio defined in equation 
(1.1)

. In this case,  GOTOBUTTON ZEqnNum439391  \* MERGEFORMAT  is defined as:
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where 
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 and 
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 are respectively the total adjacent channel interference and thermal noise power, and 
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 are respectively the strongest upper and lower adjacent channel interferers. It can be seen from the figures that in order to achieve 95% confidence that the sum of the power of the excluded co-channel, adjacent channel and thermal noise components is 3dB less than the sum of the included co-channel and adjacent channel components, the 5 strongest co-channel components plus the 2 strongest adjacent channel components are required for Configuration 2, while the 2 strongest co-channel components plus the 2 strongest adjacent channel components are required for Configuration 2.

4. Interferer Statistics Conditioned on SINR

Previous GERAN discussions of SAIC have suggested that interference suppression methods may be most useful under SINR conditions that would be considered excessively low by current receiver performance standards. Accordingly, Configuration 2 interferer statistics for bursts observed at an SINR of less than 10dB were further investigated.

Figure 8 shows the PDF and CDF of SINR for Configuration 2 for all observed bursts. It can be seen that approximately 18%
 of the bursts were associated with SINR’s below 10dB.
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Figure 8 – PDF and CDF of SINR distribution – Configuration 2.

Figure 9 shows the change in the sum of co-channel plus adjacent channel interference after conditioning on SINR, and – compared to the receiver thermal noise floor of –111dBm – it can be seen again that receiver thermal noise is not a significant factor for Configuration 2 at low SINR. Not surprisingly, there is also an increase in the observed level of  interference, and – as be seen from Figure 10 and Table 4 – there is an increase in DIR of between 2-3dB, depending on the interferer order.
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Figure 9 – CDF of total co-channel and adjacent channel interference – Configuration 2, with and without conditioning on SINR<10dB.

Figure 11 suggests, however, that adjacent channel interference is less significant when conditioned on low SINR. Indeed, the was only a relatively small probability (approx. 3%) that the total adjacent channel interference was equal or greater in power to the total co-channel interference.

Finally, Figure 12 shows the interference residual power ratio for the case when SINR<10dB, with and without the contribution of adjacent channel interference. Regardless of whether adjacent channel interference was included or not,  selection of the 3 strongest co-channel interferers was required to ensure that – with 95% confidence – the ratio of the selected interferers to the total interference plus noise power was greater than or equal to 3dB.
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Figure 10 – CDF’s of DIR1-DIR5 – Configuration 2, 
with and without conditioning on SINR<10dB.

	Configuration
	Median DIR (dB)

	
	DIR1
	DIR2
	DIR3
	DIR4
	DIR5

	2
	-1.9
	-5.6
	-8.1
	-10.1
	-12.0

	2 (SINR<10dB)
	0.9
	-2.1
	-5.9
	-8.0
	-9.9


Table 4 – Median DIR’s – Configuration 2 with and 
without conditioning on SINR<10dB.
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Figure 11 – Ratio of total co- to total adjacent channel interference 
– Configuration 2 with and without conditioning on SINR<10dB.
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Figure 12 – Residual power ratios with and without adjacent channel interference 
– Configuration 2, SINR < 10dB.

5. Conclusions

The simulation results reported here, combined those reported in [3], suggest the following conclusions. 

1. Thermal Noise Modelling
a. it does not appear critical to model receiver thermal noise in a study aimed at establishing the capacity enhancement achievable via SAIC,

b. establishing that SAIC receivers maintain robust performance under noise-limited conditions is important, and the link-level assessment work should include a short assessment of performance as a function of 
[image: image26.wmf]/

bo

EN

.

2. Interferer Modelling and Dependence of the Interferer Model on SINR

a. when the statistics of the entire cell are considered, between 2-5 co-channel interferers appear significant for Configuration 2, while almost all of the co-channel interference in Configuration 4 can be modelled using the strongest 2 co-channel interferers. In both cases, consideration of the strongest upper- and lower-frequency adjacent channel interferers appeared sufficient to account for adjacent channel interference.

b. When only “low-SINR” bursts were considered (using the arbitrary definition of SINR<10dB), the number of significant co-channel interferers for Configuration 2 dropped from 5 to 3, and adjacent channel interference was observed to be less significant than co-channel interference.
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� Statistics were collected in all three sectors of the centre cell; wrapping was not applied.


� In practice, the effective dynamic range was around 18dB.


� Represents the nominal percentage of time that a TCH is in use. Must be multiplied by the DTX activity factor to accurately model the percentage of time that each TCH is transmitting a burst


� In the interest of conciseness, Configuration 2 at 20% frequency load is neglected and only the 40% load results are reported.


� Half-rate results will be reported at a future meeting.


� Results for Configuration 2 were available in time for  SAIC Ad-Hoc#2. Results for Configurations 3 and 4 at low SINR will be reported at GERAN#14


� After quantization to nearest integer dB value.
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