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1. Introduction
To estimate the link and possibly system level 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 for the inter-cell interference, which can be defined in terms of the number of discrete co-channel interferers to consider, and the ratios of the dominant of these interferers to each of the other interferers.  In the proposed study of generalized IC receivers for UMTS/HSDPA [1] it will be necessary to model the inter-cell interference as a summation of a number of these interferers as is typically done today for intra-cell interference.  The other cell interference can no longer be simply modeled as AWGN since it is this interference, in addition to the intra-cell interference, that the generalized IC receiver will be attempting to cancel.  
Once the interference environment is defined, one can then assess the link level performance to obtain a more realistic estimate of the expected gain.  Provided the long-term, average link level gain is sufficient to justify development of this feature (1.5 to 2 dB or greater) one can then proceed to standardize new performance values much in the manner of previous receiver enhancements.  However, if the average link gain were to fall into the 0.5 to 1.5 dB range it may be necessary to conduct system level simulations based on short-term, burst performance in the manner of [2] to determine if this feature will provide sufficient gains in data throughput and voice capacity.  This contribution defines the network scenarios that Cingular considers representative of its UMTS/HSDPA deployment along with the associated inter-cell interference profiles.  These latter profiles were developed using a static system level simulator, which will also be described.   It is Cingular’s recommendation that these interference profiles be used in the evaluation of candidate, generalized IC receivers.    
2. Network Scenarios
Two scenarios are of primary interest to Cingular and they are identical except for the traffic considered.  What we refer to as network scenario 1 is based upon HSDPA traffic only, while network scenario 2 is based on Release 99 voice only traffic.  Although one could also consider a mix of voice and data traffic, we felt the information provided at the extremes would provide bounds of the performance expected.  The remaining assumptions are the same and are summarized in Table 1.  These assumptions are based on prior work within 3GPP RAN4 as part of the enhanced uplink for HSDPA study [3], the CPICH study, and the recent mobility enhancement for VoIP over HSDPA ad-hoc industry effort.  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 we felt that the 1000 m condition alone is sufficient.    

	Parameter
	Assumption

	UMTS BS Nominal TX Power [dBm]
	43

	P-CPICH Tx Power [dBm]
	33

	UMTS BS Overhead TX Power [dBm] including paging, sync and P/S-CCPCH
	33

	UMTS UE TX Power Class [dBm]
	21

	UMTS UE Noise Figure [dB]
	10

	BS Antenna Gain [dBi]
	15

	MS Antenna Gain [dBi]
	0

	Shadowing Standard Deviation [dB]
	8

	Path Loss Model
	UMTS 30.03                          

L = 128.1 + 37.6*log10(d)

	Site to site Correlation
	50%

	Other Downlink Losses [dB]
	8

	UMTS BS Antenna

    Pattern

    Beamwidth [degrees]
	 

per TR 25.896 v6.0.0 A.3.1.1

70

	Ec/Io Admission Threshold
	-18

	Cell layout
	3-Cell Clover-Leaf

	Inter-site Distance [m]
	1000

	Frequency
	2000 MHz

	Traffic
	Scenario 1 – HSDPA only

Scenario 2 – Rel. 99 voice only


Table 1: Assumptions for network scenarios
3. Interference Profiles
This section provides details of the proposed inter-cell interference profiles for the network scenarios defined above. These interference profiles are based on the statistics of various interference ratios defined below that have been collected from a static UMTS/HSDPA system level simulator. The static system level simulator models 19 three-sectored cell sites with parameter assumptions given in Table 1. For every iteration UEs are randomly distributed across the simulated area. Interference ratios are measured on the downlink for UEs that are attached to one of three sectors of the center cell site only (to avoid end effects). Statistics are aggregated across sufficient number of iterations to produce smooth distribution curves.  We will now define the various interference ratios of interest. 
The DIR or Dominant to rest of Interference Ratio is defined as the ratio of the power, Id, of the strongest inter-cell interferer over the summation of the powers, Ik, of all the other inter-cell interferers as defined below. N is the thermal noise at the UE receiver. Note that intra-cell interference does not play a role in this definition of DIR.


[image: image1.wmf]å

+

-

=

k

d

k

d

N

I

I

I

DIR


DIR2 or second dominant to rest of interference ratio is defined as the ratio of the power, Id2, of the second strongest inter-cell interferer over the summation of the power, Ik, of all the remaining inter-cell interferers excluding the power of the strongest dominant inter-cell interferer, Id as defined below. 
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Statistics for the following five interference ratios relating the dominant inter-cell interferer to other inter-cell interferers are also collected.
· Ic1/Ic2 – Ratio of powers of the dominant inter-cell interferer and the second dominant inter-cell interferer

· Ic1/Ic3 – Ratio of powers of the dominant inter-cell interferer and the third dominant inter-cell interferer

· Ic1/Ic4 – Ratio of powers of the dominant inter-cell interferer and the fourth dominant inter-cell interferer

· Ic1/Ic5 – Ratio of powers of the dominant inter-cell interferer and the fifth dominant inter-cell interferer
· Ic1/Icres – Ratio of powers of the dominant inter-cell interferer and the residual inter-cell interference remaining after five dominant inter-cell interferers have been subtracted from the total inter-cell interference plus thermal noise
3.1 Scenario 1 – HSDPA Only

Scenario 1 is based on a network with 100% HSDPA traffic. For generation of interference statistics the static system simulator assumes a fully loaded HSDPA system such that for each static iteration there are always active HSDPA UEs scheduled to receive downlink data. In other words for each static iteration all Node Bs are transmitting power on the HS-PDSCHs. Since HSDPA does not support downlink power control, this means that all Node Bs are transmitting at full power. As indicated in section 2 this assumption would provide the performance bound of IC receivers at one extreme.
Figure 1 shows cumulative distribution functions (CDFs) of DIR and DIR2 observed in the simulator. Figure 2 shows CDFs of interference ratios Ic1/Ic2, Ic1/Ic3, Ic1/Ic4, Ic1/Ic5, and Ic1/Icres. Figure 3 shows CDFs of received power for the five strongest inter-cell interferers Ic1 to Ic5, the residual inter-cell interference (Icres), and the total inter-cell interference plus thermal noise (Itot). Based on the experience of a prior 3GPP effort to characterize performance of interference cancellation receivers for GSM [4], we have found that defining the interference profile in terms of the median values of the most significant interference ratios was sufficient for adequately characterizing link level performance. In [4] only the top three discrete co-channel interferers were considered (Ic1, Ic2, and Ic3), but our proposed profile also includes Ic4 and Ic5 since it more accurately models the interference environment, and the additional signal ‘structure’ might be exploited by the receiver. Hence, the proposed interference profile for scenario 1 includes five discrete inter-cell interferers and one residual interferer modeled as filtered additive white Gaussian noise (AWGN). The AWGN source is filtered using the pulse shaping filter defined in TS 25.104 to insure correct spectral properties.  The proposed relative strengths of these interferers for scenario 1 are given in Table 2. 

We recognize that using five discrete interferers plus one residual interferer may be burdensome for UE testing requirements, but we anticipate that when UE testing requirements are proposed for IC receivers, that the number of interferers to be used for testing might be reduced to a more manageable number. However, we do feel that when assessing the performance of IC receivers for UMTS via simulations, it should not be too cumbersome to simulate five inter-cell interferers plus one residual AWGN interferer. This methodology should allow the industry to more accurately evaluate the potential of IC receivers for UMTS.
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Figure 1: DIR and DIR2 – Scenario 1
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Figure 2: Interference Ratios – Scenario 1
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Figure 3: Interferer Powers – Scenario 1


	Interference Ratio
	Proposed Value

	Ic1/Ic2
	4.5 dB

	Ic1/Ic3
	9 dB

	Ic1/Ic4
	12 dB

	Ic1/Ic5
	14.5 dB

	Ic1/Icres
	9.5 dB


Table 2: Interference Profile for Scenario 1

3.2 Scenario 2 – Release 99 Voice Only
Scenario 2 is based on a network with 100% Release 99 voice traffic. For generation of interference statistics the static system simulator assumes that all Release 99 voice UEs use the AMR 12.2 kbps vocoder. The system load is set such that the call outage rate always stays less than 2%. As with scenario 1, interference statistics are collected on the downlink for only those UEs that have one of the three sectors of the center cell site in their active set. 
Unlike HSDPA, Release 99 voice supports soft handover so the inter-cell interference experienced by a UE on the downlink may be different depending upon whether the UE has one, two, three or more cells in its active set. As a side note, Figure 4 shows the soft handover distribution in the simulated network with all-voice traffic. About 58% of UEs have only one cell in their active set (SHO1), about 28% UEs are in a 2-way soft handover (SHO2), and about 10% UEs are in a 3-way soft handover (SHO3). Soft handovers with more than 3 cells in the active set occur only 4% of the time in the simulation. 
Figures 5 and 6 show CDFs of DIR and DIR2 for the SHO1, SHO2, and SHO3 cases. The “All” case shows the CDF for all UEs in the system irrespective of their soft handover status. Figures 7 to 11 show CDFs of interference ratios Ic1/Ic2, Ic1/Ic3, Ic1/Ic4, Ic1/Ic5, and Ic1/Icres for SHO1, SHO2, SHO3 and “All” cases. Figure 12 shows CDFs of received power for the five strongest inter-cell interferers Ic1 to Ic5, the residual inter-cell interference (Icres), and the total inter-cell interference plus thermal noise (Itot) for the “All” case.
The reason we looked at cases with different soft handover conditions was to determine whether interference characteristics for UEs in different soft handover conditions were different enough to warrant the creation of separate cases for SHO1, SHO2, etc. for performance assessment of IC receivers. Upon looking at median values of interference ratios in Figures 7 to 11, we find that even though there are differences, the median values don’t differ enough to justify the burden of additional simulation cases. This is especially true for the most frequently occurring SHO1 and SHO2 cases, where in addition the ‘All’ values appear to give a reasonable average lying between the SHO1 and SHO2 values. Thus, having a single case to represent the 100% voice scenario based on the median interference ratio values of the “All” case should be adequate to characterize the interference environment. Based on this reasoning, the proposed interference profile for scenario 2 is given in Table 3 below. Note that for scenario 2, the power difference between Ic1 and other inter-cell interferers is significantly less than that observed for scenario 1. This makes scenario 2 a more challenging environment for IC receivers than scenario 1.
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Figure 4: Soft Handover Distribution
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Figure 5: DIR CDF – Scenario 2
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Figure 6: DIR2 CDF – Scenario 2

	[image: image9.png]Iet/ic2 for 100% voice trafic





Figure 7: Ic1/Ic2 – Scenario 2
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Figure 8: Ic1/Ic3 – Scenario 2
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Figure 9: Ic1/Ic4 – Scenario 2
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Figure 10: Ic1/Ic5 – Scenario 2
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Figure 11: Ic1/Icres – Scenario 2
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Figure 12: Interferer Powers (All) – Scenario 2


	Interference Ratio
	Proposed Value

	Ic1/Ic2
	2.5 dB

	Ic1/Ic3
	5 dB

	Ic1/Ic4
	7.5 dB

	Ic1/Ic5
	9 dB

	Ic1/Icres
	3.5 dB


Table 3:
Interference Profile for Scenario 2
4. Conclusions

In this contribution we have defined two network scenarios which are of primary interest to Cingular Wireless and which tend to bound the range of conditions expected.  One scenario is based on 100% HSDPA traffic and the other is based on 100% Release 99 voice traffic.  We have run system level simulations based on these scenarios to define interference profiles, which we feel adequately characterize the inter-cell interference environment.  We propose that these interference profiles be used to evaluate the link level performance of generalized UE IC receivers to determine the link level performance gains that such receivers might provide. 
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