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1. Introduction

Although many contributions, [1], [2], [3], and [4] etc., was been available since the item of interference profiles had been studying during the past several 3GPP RAN WG4 conferences. However, further investigations are still needed especially for different HSDPA network scenarios. In this contribution statistics of interference profile are collected by means of a system level static simulation and various distributions of several types of DIP related values are given substantially in the form of photographs. Besides, we also aimed to recommend a different set of DIP values for various HSDPA network scenarios. We would like to present several interesting clues as follows:

· A more reasonable PDF of DIP1is available in this contribution;

· The difference between the first and second strongest interferers is no more than 9dB;

· DIP1has a close relationship with scheduling algorithm used and with MAX C/I it will become larger as the UE in the scheduling queue increases, whereas for Round Robin scheduling, the number of users per sector does not affect the performance of DIP1 much;
· It is validated again that five interferers are adequate for link level characterizations of IC receivers.
2. Network Scenario Assumptions

System level simulations have been conducted by means of a static system level simulator, which is sufficient for the purpose of this study. Most of the main system level assumptions for the HSDPA only traffic scenario are based on prior work with 3GPP RAN WG4 [1]. In view of a HSDPA network scenario suitable for interference statistics collecting additional assumptions, for example round-robin packet scheduler, full-buffer traffic model, and category 5 UE, were made the same as those found in other contributions. These assumptions ensure UEs distributed in full-loaded cells had the equal chance of being scheduled, which is helpful to accurately characterize the interference in the system.

Table 1.  System level assumptions for HSDPA network scenario.
	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


3. Measured Statistics

In order to characterize the interference profile a set of statistics has been defined as follows:
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where Îorj is the average received power from the jth strongest base station (Îor1 implies serving cell), NBS is the thermal noise power over the received bandwidth, and NB is the total number of interfering base stations. The Dominant Interferer Proportion (DIP) is a useful measure which defines the ratio of the power of a given interfering base-station over the total other cell interference power. As for the serving cell corresponding definitions are:
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Ptotal is the total transmitting power of the serving base-station. Lpt is the loss of path from the serving cell to UE. The antenna gains at the both sides of the transmitter and the receiver are presented as Gt and Gr respectively. For more, we use two fading factors, Sfading and Ffading, to characterize the fading effects over the propagation environments.

4. Simulation Results

A static simulation has been conducted for HSDPA network scenarios based on the simulation assumptions listed in Table 1. The static simulation gives the observed CDF curves of the ith DIP in Figure 1, which gives us insights into the distribution of the DIP of each interferer. Among all of the observations it should be noted firstly that DIP1, also known as Ior/Ioc, is nearly always much bigger than other DIPs and the maximum value of DIP1 can be more than 60 dB. From the view of the mobile network planning very big DIP1 usually happens when a UE appeared at the near distance of the serving cell and a line of sight exists between the serving cell and UE at the same time. At these moments, the inter-cell interference can be very small whereas the signal from the near serving cell may be very strong.
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Figure 1:  CDF of DIPi
The PDF view of the DIPi in Figure2 and Figure 3 concludes the fact that only four strongest DIPs, DIP2, DIP3, DIP4, DIP5, fall in the range of [-5dB, -10dB] under all circumstances. That is to say, the system performance can expect to be much improved through removing the four strongest interfering DIPs only by means of the techniques of the inter-interference cancellation. Other DIPs can be view as AWGN to be filtered by the pulse shape filter. Furthermore, the observed distribution of the ratio of the geometry Ior/Ioc to different interfering DIPs is dotted in Figure 4. As an addition, the histogram in Figure 5 displays a difference of no more than 9dB between the first and second strongest interferers.
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Figure 2:  PDF of DIP1
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Figure 3:  PDF of DIPi, i=1, 2, 3, … 9
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Figure 4: PDF of other DIPi
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Figure 5:  Histogram of Ior2/Ior3 

Finally, we would like to propose our DIP vales as shown in Table 2 in this contribution. All of these values seem to be a good degree of agreement in the median values when compared to the results in other contributions submitted by Cingular/AT&T, Nokia, Qualcomm, Motorola, for example. Table 3 lists the DIP values under various HSDPA network scenarios, for example, the scenario of 15 users accessed for each TTI, the scenario of 1 user at most accessed for each TTI. At the same time two scheduling algorithms are tested to study the effects of the scheduling to DIP values. As a result, there is nearly no change when the number of users accessed by the HSDPA network every TTI period changes from one user to 15 users. Furthermore, it is noted that DIP1 with RR algorithm is almost 3dB less than DIP1 with MAX C/I algorithm and this result does not agree with other DIPs, however. Simulations also find that the value of DIP1 with MAX C/I algorithm has a close relationship with the system loads and it will become larger as the UE in the scheduling queue increases.

Table 2: DIP values submitted by companies

	 Interference Ratio
	Cingular
	Qualcomm
	Motorola
	Nokia
	ZTE

	DIP2
	-4.1
	-4.1
	-4.4
	-4.4
	-4.7

	DIP3
	-7.3
	-7.3
	-7.6
	-8.0
	-7.0

	DIP4
	-10.0
	-10.0
	-10.5
	-11.5
	-10.1

	DIP5
	-12.1
	-12.0
	-12.5
	-14.0
	-11.4

	DIP6
	-13.8
	-13.6
	-14.1
	-17.0
	-13.2

	AWGN/Ioc
	-6.6
	-6.7
	-5.6
	-4.6
	-6.1

	 
	22%
	21%
	28%
	35%
	24.3%


Table 3: DIP values for various HSDPA network scenarios

	 Interference Ratio
	15 UE for a TTI (RR)
	1 UE for a TTI (RR)
	MAx C/I (18 UE)

	DIP1
	15.6
	15.4
	18.3

	DIP2
	-4.7
	-4.7
	-4.7

	DIP3
	-7.0
	-6.9
	-6.9

	DIP4
	-10.1
	-10.2
	-10.2

	DIP5
	-11.4
	-11.5
	-11.6

	DIP6
	-13.2
	-13.2
	-13.1

	AWGN/Ioc
	-6.1
	-6.1
	-6.1

	 
	24.3%
	24.3%
	24.3%


5. Conclusions

In this contribution a system level static simulation is conducted to characterize the interference profile of HSDPA network scenarios based on common assumptions on this study item agreed by RAN4. As the outputs of our study, in the one hand five interferers are deemed to be adequate for link level characterizations of IC receivers because the sum of the interferences from the other interferers can be reduced to be very low level. Furthermore, this conclusion is less dependent on the geometry. In the other hand, we present a different set of DIP values representing various HSDPA network scenarios, which is very helpful for us to give deep insights into the interference profiles of HSDPA network.
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DIP

		

				DIP1								DIP2								DIP3								DIP4								DIP5								DIP6						DIP7						DIP8								DIP9

				-3.77		0.016386						-8.57		0.013148						-10.62		0.000117						-15.1		0.000468						-17.45		0.000897						-19.52		0.000208				-19.67		0.001027				-19.79		0.000013						-22.31		0.000039

				-2.059		0.071278						-8.39225		0.020183						-10.4475		0.000676						-14.9095		0.000962						-17.22375		0.002393						-19.242		0.000442				-19.39		0.003303				-19.677		0.000325						-22.15375		0.00013

				-0.348		0.072253						-8.2145		0.022264						-10.275		0.001196						-14.719		0.001678						-16.9975		0.004331						-18.964		0.00078				-19.11		0.005488				-19.564		0.000624						-21.9975		0.000325

				1.363		0.06527						-8.03675		0.022394						-10.1025		0.001886						-14.5285		0.002692						-16.77125		0.006606						-18.686		0.001378				-18.83		0.009273				-19.451		0.002133						-21.84125		0.000468

				3.074		0.058261						-7.859		0.021275						-9.93		0.002653						-14.338		0.00303						-16.545		0.008024						-18.408		0.001769				-18.55		0.01333				-19.338		0.003823						-21.685		0.000507

				4.785		0.056518						-7.68125		0.023226						-9.7575		0.003537						-14.1475		0.003784						-16.31875		0.009038						-18.13		0.002315				-18.27		0.016711				-19.225		0.005332						-21.52875		0.000507

				6.496		0.055009						-7.5035		0.023694						-9.585		0.004279						-13.957		0.004747						-16.0925		0.01199						-17.852		0.002614				-17.99		0.020496				-19.112		0.006125						-21.3725		0.000572

				8.207		0.05103						-7.32575		0.023148						-9.4125		0.00502						-13.7665		0.005605						-15.86625		0.014045						-17.574		0.004096				-17.71		0.023526				-18.999		0.005748						-21.21625		0.000637

				9.918		0.048195						-7.148		0.022498						-9.24		0.005852						-13.576		0.006489						-15.64		0.014643						-17.296		0.007192				-17.43		0.026023				-18.886		0.006359						-21.06		0.000897

				11.629		0.045152						-6.97025		0.023291						-9.0675		0.006645						-13.3855		0.007491						-15.41375		0.019208						-17.018		0.012146				-17.15		0.027596				-18.773		0.006918						-20.90375		0.000806

				13.34		0.04168						-6.7925		0.024293						-8.895		0.00779						-13.195		0.008583						-15.1875		0.02108						-16.74		0.017413				-16.87		0.029794				-18.66		0.006775						-20.7475		0.000936

				15.051		0.038624						-6.61475		0.024332						-8.7225		0.009883						-13.0045		0.009402						-14.96125		0.021991						-16.462		0.023707				-16.59		0.03354				-18.547		0.0074						-20.59125		0.001183

				16.762		0.035906						-6.437		0.024748						-8.55		0.030665						-12.814		0.010196						-14.735		0.021197						-16.184		0.030951				-16.31		0.033553				-18.434		0.008544						-20.435		0.001079

				18.473		0.032863						-6.25925		0.02333						-8.3775		0.041758						-12.6235		0.011522						-14.50875		0.019078						-15.906		0.043292				-16.03		0.034788				-18.321		0.010326						-20.27875		0.00104

				20.184		0.029416						-6.0815		0.025957						-8.205		0.045204						-12.433		0.012016						-14.2825		0.02004						-15.628		0.078808				-15.75		0.035868				-18.208		0.009675						-20.1225		0.001391

				21.895		0.026919						-5.90375		0.024826						-8.0325		0.053878						-12.2425		0.013304						-14.05625		0.019078						-15.35		0.051095				-15.47		0.024332				-18.095		0.01056						-19.96625		0.001196

				23.606		0.02428						-5.726		0.026204						-7.86		0.060666						-12.052		0.014266						-13.83		0.01887						-15.072		0.022173				-15.19		0.022746				-17.982		0.012263						-19.81		0.002081

				25.317		0.022537						-5.54825		0.024969						-7.6875		0.074022						-11.8615		0.015124						-13.60375		0.021067						-14.794		0.023551				-14.91		0.023591				-17.869		0.011522						-19.65375		0.003316

				27.028		0.020599						-5.3705		0.026568						-7.515		0.06882						-11.671		0.01584						-13.3775		0.020079						-14.516		0.022745				-14.63		0.023747				-17.756		0.011782						-19.4975		0.010833

				28.739		0.018206						-5.19275		0.02688						-7.3425		0.063449						-11.4805		0.017426						-13.15125		0.022381						-14.238		0.024839				-14.35		0.02389				-17.643		0.015228						-19.34125		0.022667

				30.45		0.017244						-5.015		0.028454						-7.17		0.060133						-11.29		0.019702						-12.925		0.022498						-13.96		0.023902				-14.07		0.024995				-17.53		0.027349						-19.185		0.023356

				32.161		0.015267						-4.83725		0.028623						-6.9975		0.053995						-11.0995		0.019663						-12.69875		0.022069						-13.682		0.024631				-13.79		0.024852				-17.417		0.037622						-19.02875		0.022628

				33.872		0.013811						-4.6595		0.028597						-6.825		0.048871						-10.909		0.021822						-12.4725		0.022979						-13.404		0.025853				-13.51		0.024943				-17.304		0.04233						-18.8725		0.024436

				35.583		0.012406						-4.48175		0.030457						-6.6525		0.043032						-10.7185		0.023746						-12.24625		0.023265						-13.126		0.026529				-13.23		0.025633				-17.191		0.045646						-18.71625		0.024592

				37.294		0.011015						-4.304		0.031393						-6.48		0.041693						-10.528		0.024345						-12.02		0.025216						-12.848		0.026139				-12.95		0.025711				-17.078		0.04666						-18.56		0.035437

				39.005		0.010352						-4.12625		0.032472						-6.3075		0.036439						-10.3375		0.024787						-11.79375		0.026776						-12.57		0.027505				-12.67		0.026322				-16.965		0.045672						-18.40375		0.023382

				40.716		0.009324						-3.9485		0.031861						-6.135		0.034228						-10.147		0.026412						-11.5675		0.025905						-12.292		0.029013				-12.39		0.026634				-16.852		0.051134						-18.2475		0.024215

				42.427		0.008063						-3.77075		0.032746						-5.9625		0.030691						-9.9565		0.027882						-11.34125		0.028272						-12.014		0.028506				-12.11		0.027622				-16.739		0.044775						-18.09125		0.027128

				44.138		0.00727						-3.593		0.032615						-5.79		0.028805						-9.766		0.030522						-11.115		0.02874						-11.736		0.030977				-11.83		0.027883				-16.626		0.045412						-17.935		0.030158

				45.849		0.006515						-3.41525		0.030327						-5.6175		0.02415						-9.5755		0.031289						-10.88875		0.028714						-11.458		0.029455				-11.55		0.028052				-16.513		0.04588						-17.77875		0.033461

				47.56		0.005644						-3.2375		0.028961						-5.445		0.021184						-9.385		0.034306						-10.6625		0.030262						-11.18		0.0319				-11.27		0.028234				-16.4		0.056999						-17.6225		0.052643

				49.271		0.005475						-3.05975		0.026516						-5.2725		0.019143						-9.1945		0.037258						-10.43625		0.032212						-10.902		0.033058				-10.99		0.029807				-16.287		0.065283						-17.46625		0.102606

				50.982		0.004838						-2.882		0.02757						-5.1		0.017556						-9.004		0.044112						-10.21		0.03493						-10.624		0.032563				-10.71		0.029456				-16.174		0.0641						-17.31		0.107509

				52.693		0.004331						-2.70425		0.02783						-4.9275		0.014331						-8.8135		0.058234						-9.98375		0.036907						-10.346		0.034917				-10.43		0.03008				-16.061		0.064568						-17.15375		0.115299

				54.404		0.004213						-2.5265		0.02584						-4.755		0.012133						-8.623		0.127003						-9.7575		0.03865						-10.068		0.034969				-10.15		0.031017				-15.948		0.052656						-16.9975		0.089302

				56.115		0.003433						-2.34875		0.024514						-4.5825		0.009246						-8.4325		0.118862						-9.53125		0.044086						-9.79		0.038116				-9.87		0.031641				-15.835		0.046387						-16.84125		0.07765
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