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1. Introduction
To estimate the link gain that generalized UE Interference Cancellation (IC) receivers might provide for UMTS/HSDPA downlinks it is necessary to first define the network scenarios under which the receivers must operate.  A network scenario for downlink performance evaluation is typically defined in terms of Node B transmit characteristics, UE receive characteristics, traffic mix, inter-site distance, path loss model, etc.  Once the network scenario(s) is defined one can then determine the associated interference profile that will be used in the actual link level characterization.  Two network scenarios have been identified within 3GPP RAN4 as being of primary interest – one with HSDPA only traffic and one with Release 99 voice only traffic.  At TSG RAN4 #38 it was agreed in [1] to focus initially on the HSDPA only traffic condition.  Section 2 of this contribution defines the main system level assumptions associated with this scenario.  Most of these assumptions were agreed to in [1] with the addition of a few parameters that are unique to HSDPA traffic.  Section 3 defines a number of statistical measures which have been previously defined and provide very useful insight into understanding the complex interference environment.  One of these measures, referred to as the Dominant Interferer Proportion (DIP) ratio, was agreed to in [1] as a key parameter for interfacing between system and link level analysis.  Section 4 presents the results for these statistical measures obtained by conducting a system level simulation of the defined network scenario.  Results are provided for the eight strongest base station interferers as recommended in [1].  A recommendation is made that five base station interferers should be sufficient for proper link level characterization.  Median values for the first five DIP ratios are provided and are shown to have a weak dependence on geometry.  Thus, a second recommendation is to calculate DIP averaged over all geometries.   Finally, section 5 provides the relevant conclusions.          

2. Network Scenario Assumptions
The main system level assumptions for the HSDPA only traffic scenario are summarized in Table 1.  All of the system parameters and their associated values provided in Table 1 except for the last three were agreed to in [1].  These assumptions were based on the merging of information provided in [2] and [3].  The vast majority of these assumptions are based on prior work within 3GPP RAN WG4 including [4] and [5].  In some of these latter studies a second inter-site distance of 2800 m was also considered in addition to the 1000 m specified in Table 1, but since we are primarily interested in interference-limited environments the group felt that the 1000 m condition alone was sufficient.  
For the HSDPA network scenario the following additional assumptions were made: round-robin packet scheduler, full-buffer traffic model, and category 5 UE. Since the purpose of these system level simulations is to generate statistics to accurately characterize the interference in the system, a round-robin packet scheduler was chosen to ensure that all UEs had an equal chance of being scheduled. This ensured that when the system simulator was executed over many iterations, that interference statistics were collected uniformly over the entire simulated area. Choosing a scheduler such as a ‘Max C/I’ would have skewed the generated statistics because a Max C/I scheduler tends to schedule UEs that are closer in to the cell site (due to better C/I at closer-in locations). The full-buffer traffic assumption was made to ensure that all cells were fully loaded, and the category 5 UE assumption was made arbitrarily since it had no impact on the collected interference statistics.
System level simulations were then conducted based on these assumptions for the purposes of collecting interference statistics.  A static system level simulator was deemed sufficient for this exercise, and is preferred over a dynamic simulator since the former is typically easier to develop and requires less computation time.  In a static simulator there is no concept of time. For every iteration, UEs were randomly distributed across the simulated area. Interference statistics were measured on the downlink for UEs that were attached to one of three sectors of the center cell site only (to avoid end effects). Statistics were aggregated across sufficient number of iterations to produce smooth distribution curves. From these collected statistics certain key measures were developed, which provide some insight into how well an interference cancellation receiver might work.   These key measures are defined in section 3 with simulation results provided in section 4. 

	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors

	Site to site distance 
	1000 m

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	Std. of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000MHz

	MCL
	70 dB

	BS antenna gain
	14dB

	BS antenna pattern
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( is defined as the angle between the direction of interest and the boresight of the antenna, (3dB is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. (3dB used is 70 degrees .

	BS total TX power
	20W

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	Packet scheduler
	Round-robin

	Traffic model
	Full-buffer

	HSDPA UE category
	Category 5


Table 1.  System level assumptions for HSDPA network scenario.
3. Measured Statistics
Network interference statistics are computed using the following defined measures. Geometry G is defined as
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where Îorj is the average received power from the  jth strongest base station (Îor1 implies serving cell), N is the thermal noise power over the received bandwidth, and NB is the total number of interfering base stations.  
The Dominant Interferer Ratio (DIR) has been defined in a couple of different ways in recent RAN4 contributions ([2] and [3]). Since both defined ways provide different and useful information about interference characteristics, we have elected to present results for both definitions of DIR. DIRi for the ith interfering base station, as defined in [2], can be written as,
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(DIR Definition A)
We call the above definition DIR Definition A to distinguish it from the definition of DIRi as defined in [3], which we call DIR Definition B, and write as,
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(DIR Definition B)
The Dominant Interferer Proportion (DIP) is another useful measure which defines the ratio of the power of a given interfering base station over the total other cell interference power.  It was defined in [1], and can be written as, 
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Note that power from the serving cell, Îor1, is never included in any DIR or DIP calculation.
4. Interference Characterization Results
Results presented in this section have been generated using a static system level HSDPA simulator. Figure 1 shows the cumulative distribution function (CDF) of geometry (Îor1/Ioc). The maximum value of geometry is limited to 17 dB due to the 20 dB front-to-back ratio of the antenna as specified in Table 1. 

[image: image7]
Figure 1: Distribution of Geometry (Îor1/Ioc)
At the ad-hoc meeting during TSG RAN4 #38 it was agreed [1] to collect interference statistics for the 8 strongest interferers in the system. Figure 2 presents the ratios, expressed as a percentage, of the median values of the 8 strongest interferers to the total interference in the system. Here, the term total interference refers to total other-cell interference or Ioc as defined in Section 3. Alternately, Figure 2 can be viewed as a plot of median values of DIPi in linear percentage terms.
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Figure 2: Median Contribution of 8 Strongest Interferers to Total Interference
Figures 3 and 4 show CDFs of DIRi for the 8 strongest interferers in the system for the two definitions of DIR described in Section 3. Note that these results are for all geometries. DIRi CDFs conditioned on the four values of geometry proposed in [1] are presented in Appendix A.2 and A.3. Figures 5 and 6 plot the median values of DIRi for the 8 strongest interferers and compare them with the corresponding median values for the “all geometries” case. It is observed that there is not a large variability in median DIRi values for either definition of DIR across geometries ranging from -3 dB to 10 dB.
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Figure 3: DIRi for All Geometries (DIR Definition A)
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Figure 4: DIRi for All Geometries (DIR Definition B)
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Figure 5: Median DIRi Values Conditioned on Geometry (DIR Definition A)

[image: image12.emf]Median DIR Conditioned on Geometry (DIR defn. per R4-060117, Nokia)

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

 -3 dB  0 dB  5 dB  10 dB All

Geometry (Ior/Ioc)

Median DIR (dB)

DIR1 DIR2 DIR3 DIR4 DIR5 DIR6 DIR7 DIR8


Figure 6: Median DIRi Values Conditioned on Geometry (DIR Definition B)

Figure 7 shows CDFs of DIPi for the 8 strongest interferers in the system for all values of geometry. CDFs of DIPi conditioned on different values of geometry are shown in Appendix A.1. Figure 8 shows a plot of median values of DIPi for the 8 strongest interferers. It can be observed that the median values of DIPi do not vary much as geometry is varied from -3 dB to 10 dB. Based on these observations, we have come to the conclusion that interference characteristics are not significantly dependent upon geometry and hence there is no need to define different geometry dependent scenarios for link level simulations. 
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Figure 7: Distribution of DIPi for All Geometries
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Figure 8: Median DIPi Values Conditioned on Geometry

Now we turn our attention to the issue of how many interfering base stations need to be explicitly modeled in a link level simulation. Note that residual interference is modeled as additive white Gaussian noise (AWGN). It is interesting to look at the ratio of this residual AWGN interference to the total interference (Ioc) to see how it changes as the number of explicitly modeled interfering base stations is increased from one to eight. Figure 9 shows CDFs of this ratio AWGN/Ioc across all geometries in the system for up to eight strongest interferers in the system. Appendix A.4 shows corresponding CDFs conditioned on four values of geometry. Figure 10 plots the median values of AWGN/Ioc for up to eight interfering base stations and for different geometries. This figure provides some interesting information. First, it is observed that it takes up to five explicitly modeled interfering base stations to bring the AWGN component down to at least 20% of the total interference. Second, as the number of explicitly modeled interferers increases the dependence on geometry decreases significantly. In fact, at five interferers there is very little difference between the difference values of geometry. Based on these results we come to the conclusion that five seems to be a reasonable number of strongest interfering base stations to be explicitly modeled in link level simulations. 
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Figure 9: Distribution of AWGN Component of Total Interference for All Geometries
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Figure 10: Median Values of AWGN Component of Total Interference Conditioned on Geometry

Based on the conclusions drawn from results presented in this section, we propose the following interference profile for HSDPA that consists of five explicitly modeled base station interferers with DIPi values as shown in Table 2 and one residual interferer that models the remaining interference. It is proposed that the residual interferer be modeled as filtered AWGN. Based on the DIP values shown in Table 2, the ratio AWGN/Ioc should be set to -6.6 dB, which is equivalent to about 22% of the total other cell interference power.  The AWGN source should be filtered using the pulse shaping filter defined in TS 25.104 to insure correct spectral properties.  

	Interference Ratio
	Proposed Value

	DIP1
	-4.1 dB

	DIP2
	-7.3 dB

	DIP3
	-10.0 dB

	DIP4
	-12.1 dB

	DIP5
	-13.8 dB

	AWGN/Ioc
	-6.6 dB


Table 2: Interference profile for HSDPA

5. Conclusions

In this contribution we have provided interference statistics for the HSDPA network scenario.   These statistics were collected using a static system level simulator based upon assumptions defined in this and previous contributions to RAN4.  These statistics indicate that five interfering base stations should be adequate for link level characterizations of IC receivers since at this point the percentage of residual interference has been reduced to an arbitrarily low level (~20% of Ioc), and there is much less dependency on geometry.  We view the use of five interfering base stations as a compromise between a lower number, e.g. three at which there is a significantly larger percentage of residual AWGN, and a higher number e.g. eight, which would certainly provide the highest fidelity results, but is computationally cumbersome even for computer simulations.   We have defined an interference profile consisting of the five highest median DIP values plus residual AWGN interference, and recommend that this profile be used for HSDPA link level characterization.  In addition, due to the weak dependency of median DIP values on geometry, we further recommend that the median values used are based on an average of all of the geometries considered.      
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Appendix A – Additional Results
A.1 – Distribution of DIPi conditioned on geometry
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Figure 11: DIPi for Geometry = -3 dB
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Figure 12: DIPi for Geometry = 0 dB
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Figure 13: DIPi for Geometry = 5 dB
	[image: image20.png]DIF, for Geometry = 10 dB
T

0 B3 20 E 0 5 0




Figure 14: DIPi for Geometry = 10 dB


A.2 – Distribution of DIRi conditioned on geometry (DIR Definition A)
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Figure 15: DIRi for Geometry = -3 dB
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Figure 16: DIRi for Geometry = 0 dB
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Figure 17: DIRi for Geometry = 5 dB
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Figure 18: DIRi for Geometry = 10 dB


A.3 – Distribution of DIRi conditioned on geometry (DIR Definition B)
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Figure 19: DIRi for Geometry = -3 dB
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Figure 20: DIRi for Geometry = 0 dB
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Figure 21: DIRi for Geometry = 5 dB
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Figure 22: DIRi for Geometry = 10 dB


A.4 – Distribution of AWGN component of total interference (AWGN/Ioc) conditioned on geometry
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Figure 23: AWGN/Ioc for Geometry = -3 dB
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Figure 24: AWGN/Ioc for Geometry = 0 dB
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Figure 25: AWGN/Ioc for Geometry = 5 dB
	[image: image32.png]0gf-

08f-

07f-

08

05f-

04}

03

02}

01 AL

CDF of AWGN/loc for Geametry = 10 dB

[ o s B0 70 81 90
% AWGN




Figure 26: AWGN/Ioc for Geometry = 10 dB
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