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1. Introduction

At the second ad hoc meeting (Seattle, 4-5 March 2003) on Single Antenna Interference Cancellation (SAIC), document [1] outlined link-level interference scenarios for assessment of the potential performance of SAIC-capable receivers. The models defined in [1] (and subsequently revised via e-mail) were specified as exemplary models, and this document provides further discussion of interference statistics derived from system simulation configurations compliant with [2]. Further, the issue of the relative delay of interferers  was identified at the second SAIC ad hoc meeting as requiring further analysis. Accordingly, interferer delay statistics are reported, with the goal of defining an appropriate delay distribution for link-level modeling. 

2. Power Control and SINR

SINR results reported at the 2nd SAIC ad hoc showed significant differences in the probability that bursts would experience Signal to Interference plus Noise Ratios (SINR) less than the selected exemplary value of 10dB. A potential root cause of this is the impact of power control, and the algorithms used for power control, on the system statistics. As shown in 
Figure 1
, Figure 2 and Figure 3 the SINR distributions in the whole centre cell area are strongly affected by the configuration of the power control algorithm. As expected, power control improves each user’s SINR ratio, with – for the configurations specified in [2] – the impact of power control is more pronounced for Configuration 4. In this configuration, after power control is used, almost no users experience an SINR of less than 10dB, which corresponds to the region where SAIC is expected to produce the most benefit. This effect can also be seen for Configurations 2 and 3, but not to the extent observed in Configuration 4. In both these cases, however, it can be seen the use of power control has a significant impact on the lower tail of the SINR distribution, with presumably associated impact on SAIC receiver performance, and it possible that different power control algorithms can lead to corresponding differences in SINR distribution.

Accordingly, for the purpose of aligning simulation results and as means of preventing divergence when more complex aspects of the problem are studied, it is suggested that a simple power control algorithm applicable to the system simulation configurations specified in [2] should be specified.

3. Delay Statistics

One of the items identified at the second SAIC ad hoc meeting for additional study was the topic of interferer relative delay specification. Figure 4 through Figure 9 show delay statistics for Configurations 2, 3 and 4, with and without power control, for a synchronized network. In particular, Figure 4 and Figure 5 show the delay statistics for Configuration 2, loaded at 40% with and without power control. One should note that the delay statistics for these two cases are almost identical. The relative received power of the source and the interfering processes change with power control but the relative ordering and delay of interferers appears relatively unaffected. In this configuration it can also be seem that the relative delay between the desired signal and the dominant co-channel interferer is between -1.2 symbols and +4.4 symbols. The observed negative values reflect those mobiles in the system that are being served by a base station that is not closest to the mobile, and is of course a side-effect of the lognormal process and the minimum path loss best server criterion. For Configuration 2 loaded at 40% we also observed the greatest relative delays since the cell radius for this configuration is the largest and since the load is smaller than for Configuration 3 (permitting more distant interferers to become significant).

Figure 6 and Figure 7 show the results for Configuration 3 loaded at 70%. These plots also show that power control does not significantly affect the delay distribution. In this case, the delays range from -0.6 to +3 symbols for the three strongest co-channel interferers and from 0 to +3.4 symbols for the strongest adjacent channel interferers. The fact that the delay of the adjacent channel interfering process is larger than the co-channel interfering process is due to the fact that the adjacent channel interfering source (and hence associated delay) rarely derives from co-located sector (i.e. from other sector back lobe effects). Finally, Figure 8 and Figure 9 show the delay statistics for Configuration 4. As expected, the delay for this configuration is smaller than the other two configurations due to the significantly smaller cell radius. 

Some of the observations concerning interferer relative delay can be applied across configurations
 but the link level model parameters appear to be configuration specific. One possible approach would be to model the delay process as a normally distributed random variable, with the mean and variance potentially derived from Figure 4 through Figure 9.

Concerning relative delay statistics, one further aspect that may require clarification is the practical definition of synchronous network timing. Clearly, from a theoretical perspective, the definition is clear in the context of SAIC – i.e. that the burst boundaries of each base station transmission are coincident in time. Several practical methods of network synchronization appear available, however, and it appears necessary to define the maximum tolerable inter-BTS timing error in a synchronous network so as to clarify the potential impact on interferer delay at the terminal.

4. Link Level Interference Modeling

The exemplary interference statistics generated in [1] were based on an analysis of the median difference in power level of each of a set of co- and adjacent channel interferers. Further insight into link-level interference statistics can be gained by assessing interference statistics on a per-call basis. This avoids a side-effect of [1], where link-level interference statistics were derived by assessing bursts satisfying SINR<10dB without consideration as to whether the statistics applied to the same mobile (i.e. might reasonably be observed by a field-deployed receiver) or were compiled from multiple mobiles.

In the results reported below, the simulation statistics for each configuration were first partitioned on the basis of location within the simulated cell. In addition to region A (which corresponded to the entire sector) 
 Figure 10
 shows the locations of three circular regions of radius 
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 – denoted regions B, C and D – for which complete individual calls were extracted. These regions were designed to be representative of the centre and edge of the cell. The cell vertex radius 
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 was set to the value specified in [2], while 
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 was set to 
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. The co- and adjacent interference statistics were then assessed on a per-call basis.

Table 1 shows, for each region, the average (over the set of identified calls per region) of the ratio of the mean power
 of the strongest co-channel interferer
 to a) the 2nd and 3rd strongest co-channel interferer power and the residual co-channel interference power, and b) the strongest adjacent channel interference power and the residual adjacent channel interference power.

For Configuration 3 at 70% load it can be seen from Table 1 that, when only regions B and D are considered (which might be expected to coincide with regions where SAIC would be most effective), the relative power of the 2nd and 3rd co-channel interferers is generally less than that specified by the exemplary model (with the exception of region B of Configuration 2), while the adjacent channel interference levels are generally higher. Further, for Configuration 4 (for which an exemplary reference model is not yet defined), the adjacent channel interference appears to be the dominant source of interference. The results for Configuration 2 at 40% load (which was merged with Configuration 3 at the 2nd SAIC ad hoc meeting) also appear to depart from the exemplary model in regions B and D.

In order to help assess the proposal in [3] that the frequency hopping layer interference processes should be modeled as an intermittent process, Table 2 shows the probability (neglecting fast fading) that the per-burst power from each of the interfering processes was more than 20dB below the mean total interference power for the call. Focusing again primarily on the cell edge regions B and D, it can be seen that for Configuration 3 at 70%, the co-channel interference was almost continuously present (as might be expected from the frequency load) with only the residual adjacent channel process showing significant outages. Analysis of Configuration 4 at 30% load indicate, however, that there is a significant probability that all of the interfering signal components are absent at some time, and this effect was also observed for Configuration 2 at 40% load.

As a further insight into the call-level interference statistics, Table 3 and Table 4 show the average over the calls in region A of the per-call correlation coefficients between the power each of the co- and adjacent channel interferer components for Configuration 3 at 70% load and Configuration 4 at 30% load. It can be seen that there is substantial correlation between each of the co-channel interference components and between the adjacent channel components, with little correlation between the co-channel and adjacent channel interference.

Finally, Figure 11 and Figure 12 shows typical time sequences (where one sample is equal to one burst) respectively illustrating the variation in residual co- and adjacent channel power within single calls. It can be seen – especially in the residual adjacent channel power case – that there is considerable variation in the observed residual power levels and accordingly the AWGN statistics initially assigned to this aspect of the exemplary model may not be entirely accurate.

5. Conclusions

This paper offers further analysis of the delay and interference statistics applicable to link-level modeling of reference system configurations. The following observations and recommendations are offered.

Concerning delay statistics:

a) The distribution of the relative delay of the interferers observed in synchronous networks have been described, and Figure 4 through Figure 9 are proposed as a basis for formulating a model for link-level interferer delay for the synchronous case, and

b) it is noted that in order to complete the work on relative interferer delay statistics for the synchronous case, a practical definition of the maximum inter-BTS timing error in synchronous network appears necessary.

Concerning the link-level interference models:

a) the co-channel and adjacent interferer power levels specified in the exemplary models may require further revision when used as the basis for link-level modeling, potentially according to the values specified in Table 1, 

b) co- and adjacent channel interference processes appear subject to significant outage, especially for the 30-40%  loaded conditions. Given that this aspect may have an impact on SAIC receiver performance, it maybe desirable to include this characteristic in the link layer model, as proposed in [3],

c) the co-channel and adjacent channel interference processes appear to be significantly correlated and again, it appears desirable to include this aspect in the link level model,

d) the statistics of the observed co- and adjacent residual interference appear not to be adequately modeled by a filtered AWGN process, and an alternative residual model may be required.

In addition, it is recommended that an interferer scenario specification for Configuration 4 be agreed in order to complete the set of agreed models for the synchronous case, and that work on link-level models applicable to the asynchronous case should be initiated in order to complete the link level modeling anticipated by [2].
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Figure 1 – SINR distributions for Configuration 2 with and without power control.
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Figure 2 – SINR distributions for Configuration 3 with and without power control..
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Figure 3 – SINR distributions for Configuration 4 
with and without power control.
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Figure 4 – Delay statistics for Configuration 2 without power control.
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Figure 5 – Delay statistics for Configuration 2 
with power control.
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Figure 6 – Delay statistics for Configuration 3 without power control.
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Figure 7 – Delay statistics for Configuration 3 
with power control.

[image: image12.png]Bursts

8000

7000

6000

5000

4000

3000

2000

1000

0

R — P
-1 -08 -06 -04 . . 04 06 . . . k E 2

symbols




Figure 8 – Delay statistics for Configuration 4 without power control.
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Figure 9 – Delay statistics for Configuration 4
 with power control.
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 Figure 10: Call statistics regions
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Figure 11: Example segment of residual co-channel interference power history from single call, Configuration 3, region C.
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Figure 12: Ex Example segment of residual adjacent channel interference power history from single call, Configuration 4, region B.

7. Tables

	System Config.
	Cell 
Region
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	Exemplary Model
	–
	–
	6
	10
	9
	14
	15

	2@40%
	A
	4999
	10.9
	23.4
	6.5
	10.9
	8.2

	2@40%
	B
	99
	7.0
	11.7
	10.5
	7.6
	11.1

	2@40%
	C
	237
	10.0
	15.7
	14.6
	5.7
	10.9

	2@40%
	D
	93
	3.6
	5.3
	7.1
	11.4
	9.9

	Exemplary Model
	–
	–
	4
	8
	5
	14
	14

	3@70%
	A
	2722
	8.7
	29.7
	27.3
	6.5
	9.1

	3@70%
	B
	38
	5.4
	12.0
	9.0
	9.1
	10.6

	3@70%
	C
	116
	11.6
	18.1
	17.2
	7.5
	10.7

	3@70%
	D
	56
	5.4
	10.1
	8.3
	7.6
	10.0

	Exemplary Model
	Not defined

	4@30%
	A
	4671
	9.1
	14.6
	16.8
	1.7
	11.1

	4@30%
	B
	139
	8.8
	14.2
	16.4
	3.7
	12.2

	4@30%
	C
	307
	9.4
	15.0
	17.1
	-0.9
	10.1

	4@30%
	D
	6
	8.7
	14.4
	17.5
	6.7
	13.4


Table 1 – per-call average interferer mean power ratios by location.

	System Config.
	Cell 
Region
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	2@40%
	A
	4999
	0.060
	0.16
	0.30
	0.19
	0.22
	0.31

	2@40%
	B
	99
	0.016
	0.069
	0.18
	0.085
	0.18
	0.22

	2@40%
	C
	237
	0.072
	0.21
	0.38
	0.25
	0.24
	0.37

	2@40%
	D
	93
	0.013
	0.065
	0.17
	0.074
	0.19
	0.22

	3@70%
	A
	2722
	0.027
	0.088
	0.16
	0.075
	0.11
	0.14

	3@70%
	B
	38
	0.0027
	0.026
	0.099
	0.0012
	0.078
	0.12

	3@70%
	C
	116
	0.042
	0.15
	0.26
	0.16
	0.11
	0.19

	3@70%
	D
	56
	0.0031
	0.024
	0.089
	0.00095
	0.084
	0.11

	4@30%
	A
	4671
	0.17
	0.41
	0.66
	0.76
	0.38
	0.62

	4@30%
	B
	139
	0.077
	0.28
	0.55
	0.69
	0.30
	0.52

	4@30%
	C
	307
	0.18
	0.47
	0.72
	0.81
	0.41
	0.69

	4@30%
	D
	6
	0.068
	0.27
	0.52
	0.68
	0.26
	0.50


Table 2 – per-call probability of interferer outage.
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Table 3 – Interferer power cross-correlation coefficients 
– Configuration 3@70%.
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Table 4 – Interferer power cross-correlation coefficients 
– Configuration 4@30%.





































� For example, the observation that power control does not affect the delay statistics holds for all three configurations studied


� Fast fading is not included.


� The co-channel interferers are denoted (in decreasing order) � EMBED Equation.DSMT4  ���, � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ��� while the remaining (residual) co-channel interference is denoted � EMBED Equation.DSMT4  ���. The strongest adjacent channel interferer is denoted � EMBED Equation.DSMT4  ��� while the residual adjacent channel interference is denoted � EMBED Equation.DSMT4  ���.


� The correlation coefficients for regions B, C and D were similar to those of region A.





P.2/10

[image: image54.wmf]1

i

[image: image55.wmf]2

i

[image: image56.wmf]3

i

[image: image57.wmf]r

i

[image: image58.wmf]as

i

[image: image59.wmf]ar

i

_1110712934.vsd
100�

150�

200�

250�

300�

-120�

-110�

-100�

-90�

-80�

-70�

Residual Adjacent Interference Process�

Sample Number�

Residual Adjacent Channel Power (dBm)�


_1110785574.unknown

_1110786749.unknown

_1110788427.unknown

_1110788434.unknown

_1110788443.unknown

_1110788420.unknown

_1110785609.unknown

_1110786726.unknown

_1110785583.unknown

_1110785197.unknown

_1110785477.unknown

_1110785495.unknown

_1110785520.unknown

_1110785488.unknown

_1110785206.unknown

_1110713012.vsd
100�

150�

200�

250�

300�

-106�

-104�

-102�

-100�

-98�

-96�

-94�

Residual Cochannel Interference Process�

Sample Number�

Residual Co-channel Power (dBm)�


_1110685176.unknown

_1110687909.unknown

_1110707067.vsd
C�

D�

B�

A�

�


_1110688040.unknown

_1110689503.unknown

_1110689631.unknown

_1110689648.unknown

_1110689656.unknown

_1110689639.unknown

_1110689522.unknown

_1110688053.unknown

_1110688039.unknown

_1110685325.unknown

_1110685331.unknown

_1110685177.unknown

_1110621311.unknown

_1110685083.unknown

_1110620892.unknown

