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1. Introduction
This contribution aims at providing some insight for the operational requirements associated with interference cancellation (IC) in Release 99 and HSDPA. Although particular network scenarios are currently been defined [1], a general overview of the possible geometry (SINR) gains that can be provided by IC and the conditions to achieve them are also needed.

In particular this contribution focuses on addressing the following aspects

a) number of interfering sectors, other than the serving sector, required to participate in IC

b) strength of the weakest interfering sector that needs to be captured in IC

c) limits on expected gains from IC

d) effect of imperfect cancellation

e) implementation margin aspects    
The above information can also provide some guidance in the specification of the simulation assumptions and for UE performance requirements.
2. Network Assumptions
The main system level assumptions are summarized in Table 1 [1] and are the same as those used in HSDPA evaluation [2]. The parameter of interest is the UE geometry, G=
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	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors

	Site to site distance
	1000m

	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
	2 GHz

	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, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .

	BS total TX power
	20W

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	MCL
	70 dB


Table 1: Simulation Assumptions for Throughput Evaluation.
3. Basic Analysis - Geometry Distribution
The UE geometry CDF can serve to provide substantial insight into the potential IC gains. In this section, the geometry gains with ideal interference cancellation are evaluated as a function of the number of interfering sectors, other than the serving sector, and the corresponding power threshold (referred to as IC threshold), relative to the serving sector, at which an interfering sector can be identified by the UE of interest. For Release 99 networks, application of soft or softer handoff (SHO) is also considered.  

Figure 1 shows the IC geometry gain from canceling one interfering sector (always chosen to be the strongest one – best case IC scenario) conditioned on the strength of that sector relative to the serving sector. For example, a threshold of -6 dB means that an interfering sectors is perfectly cancelled only if its total received power at the UE of interest is at most 6 dB below the total received power from the serving sector. Otherwise, the interfering sector is not cancelled. 
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Figure 1: Geometry CDF and its magnification for Cell Edge UEs for IC with 1 interfering sector.

The geometry without IC can be viewed as representing the one achieved by perfect equalization for the serving sector. At the 5% CDF point, practically all IC gains, about 1.8 dB, are achieved by identifying and canceling sectors that are 4 dB below the serving sector. At the 10% CDF point, the corresponding value is 5 dB and the IC gains are about 2.0 dB. The results for IC threshold of -10 dB are provided for illustrative purposes to show the relative performance of more feasible IC thresholds and to indicate a lower bound performance for the IC threshold (upper bound for IC performance).  
Based on the suggestion in [3], IC should provide at least 1.5 dB gain, at the link level, in order to justify the associated increase in UE receiver complexity. Given that actual IC implementation will have non-negligible losses relative to the ideal one and these losses will be larger than the ones experienced by the actual equalizer for the serving sector (for example, due to some non-captured power for the interfering sector), it can be concluded that having only one interfering sector participate in the IC process will not be sufficient.

Figure 2 presents corresponding results to Figure 1 when the number of interfering sectors participating in the IC process is 2 (again, the strongest interfering sectors are assumed cancelled).   
[image: image8.png]Geometry CDF

Geometry CDF with and without Ideal IC.

09

0.8

0.7

0.6

05

0.4

03

0.2

No IC

IC threshold:
IC threshold:
IC threshold:

IC Threshold: -6 dB
IC Threshold: -10 dB

2 Node Bsin

-3dB
-4dB
-5dB

IC

-5

5
Geometry (dB)

10

20



 [image: image9.png]Cell Edge Geometry CDF with and without Ideal IC.

02— "NolIC
— IC threshold: -3 dB
0.18| = |G threshold: -4 dB

= |C threshold: -5 dB
=== |G Threshold: -6 dB
0.16 -| = |G Threshold: -10 dB
2Node BsinIC

Geometry CDF
ol

o
I=3
®

0.06

0.04

0.02

-6 -5 -4 -3 -2 -1 0 1 2 3
Geometry (dB)




Figure 2: Geometry CDF and its magnification for Cell Edge UEs for IC with 2 interfering sectors.
At all CDF points above 2%, interfering sectors 6 dB below the serving one need to be included in IC. For example, relative to the IC threshold of -4 dB, the potential IC gain is about 1 dB. For CDF points above 10% it is beneficial to capture even weaker interfering sectors but as the main objective is the performance improvement at 10% and below in the geometry CDF and as further weaker sectors cannot be assumed easily identifiable and have their total power sufficiently captured, an IC threshold of 6 dB is more meaningful.

At both 5% and 10% CDF points, the IC gain is about 3.4 dB (-6 dB IC threshold). Comparing this with the corresponding gain of about 1.8-2.0 dB for the case that only one interfering sector participates in IC, it can be easily concluded that the IC process needs to capture 2 interfering sectors. 

Figure 3 presents corresponding results to Figures 1 and 2 when the number of interfering sectors participating in the IC process is 3.   
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Figure 3: Geometry CDF and its magnification for Cell Edge UEs for IC with 3 interfering sectors.

The gains for an IC threshold of -6 dB at the 5% and 10% geometry CDF points are about 3.6-3.8 dB. Comparing to the case of 2 interfering sectors in IC (3.4 dB gain), the additional gains are too small to justify the extra complexity of including an additional sector in IC. This conclusion would however be possibly somewhat different if interfering sectors with total power less than 6 dB relative to that for the serving sector could be reliably identified and fully captured. However, for the gains from including a third interfering sector in the IC process to be reasonably larger than for 2 sectors, the requirement for IC threshold substantially below -6 dB is needed.   

Figure 4 presents corresponding results to Figures 1, 2 and 3 when there is no limit to the number of interfering sectors participating in the IC process. This is intended to provide the upper bound for the IC gains for the various values of the IC threshold. 
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Figure 4: Geometry CDF and its magnification for Cell Edge UEs. No interfering sectors limit for IC.

The gains for an IC threshold of -6 dB at the 5% and 10% geometry CDF points are about 3.7-3.9 dB which represents only a marginal increase of about 0.3-0.5 dB relative to the case of 2 interfering sectors in IC. Naturally, for very small IC threshold values (-10 dB), the gains are larger. Nevertheless, as it was previously discussed, having more than 2 interfering sectors in IC is not expected to provide noticeable gains, if any, while it will further substantially increase the IC complexity.  

4. Effect of Soft/Softer Handoff
When soft or softer handoff (SHO) is applied, as in Release 99, two possibilities exist for the geometry CDF without IC of non-SHO sectors. The first corresponds to perfect equalization and IC of the SHO sectors. The second corresponds to perfect equalization without IC of the SHO sectors. 

Figure 5 presents the geometry CDF with 2 non-SHO interfering sectors in IC when SHO and SHO-IC with one sector is applied. The SHO threshold is -3 dB. The IC threshold is interpreted relative to the strongest serving sector power and not relative to the combined power of the SHO serving sectors, if any. This is a favorable condition for the IC gains.
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Figure 5: Geometry CDF. SHO, separate IC for SHO, 2 more interfering sectors for IC.

Comparing to the corresponding Figure without SHO (Figure 2), the IC gains at the 5% and 10% geometry CDF points for the IC threshold of -6 dB are about 2.0 dB for a reduction of about 1.4 dB relative to the non-SHO case (most of the reduction is due to soft handoff, softer handoff contributes less). This reduction will further increase for smaller SHO thresholds or if 3 SHO sectors are allowed. 
Figure 6 presents the geometry CDF with 2 non-SHO interfering sectors in IC when SHO with one sector is applied but without SHO sector IC. The SHO threshold is -3 dB. The IC threshold is again interpreted relative to strongest serving sector power. If the SHO criterion is met, the geometry without IC is the sum of the geometries of the two SHO sectors with each geometry also incorporating the interference from the other SHO sector.
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Figure 6: Geometry CDF. SHO, no separate IC for SHO. 2 interfering sectors for IC.

Comparing to the corresponding Figure without SHO (Figure 2), the IC gains at the 5% and 10% geometry CDF points for the IC threshold of -6 dB are about 2.4-2.6 dB for a reduction of about 0.8-1.0 dB relative to the non-SHO case. Relative to Figure 5, there is about a 0.7 dB gain from canceling the interference from each SHO sector onto the other. Clearly, SHO application even without corresponding sector IC, significantly diminishes the IC gains. However, a possible tradeoff is to increase the SHO threshold as the coverage with IC is potentially increased.
5. Effect of Non-Cancelled Power
The effect of partially canceling the interfering sector power, either due to non-captured energy or due to estimation errors, is presented in Figures 7 and 8 for 2 interfering sectors in the IC process and without SHO. Figure 7 considers 66% cancellation while Figure 8 considers 50% cancellation.
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Figure 7: Geometry CDF and magnification at Cell Edge. 2 interfering sectors for IC, 66% Cancellation.
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Figure 8: Geometry CDF and magnification at Cell Edge. 2 interfering sectors for IC, 50% Cancellation.

With 66% cancellation, the gain at the 5% and 10% points of the geometry CDF is reduced by 1.3 dB, relative to Figure 2, to 2.1 dB. With 50% cancellation, the gain is drastically reduced by about 2.1 dB to only 1.3 dB. The requirement to identify weak sectors is also relaxed and identifying/capturing sectors with total power -5 dB or -6 dB below the one for the serving sector suffices. Clearly, the combined effect from non-captured power, incorrectly captured power for each transmitted code, and channel and time estimation errors should not lead to a corresponding reduction in the effectively cancelled interfering sector power larger than about 35% of the total interfering sector power. This reduction in the effectively cancelled power should be substantially smaller than 50% of the total power for each interfering sector.  
6. Summary and Conclusions
The ideal IC gains as a function of the number of IC participating interfering sectors and their total power relative to the serving sector have been presented. The impact of SHO on IC for Release 99 setups has also been examined. Based on the presented results, the following conclusions apply:
a) Practically all IC gains, without undue increase in IC complexity (optimal performance vs complexity tradeoff), can be achieved by having 2 interfering sectors, other than the serving sector, in the IC process. 
b) The IC threshold should be about -5 dB or -6 dB. Larger IC thresholds may result into substantial reduction in IC gains. Lower IC thresholds have more difficult sector identification and full power capturing.  
c) Relative to ideal equalization, ideal IC with 2 interfering sectors and -6 dB IC threshold results to 3.4 dB gains (no SHO). Since a target link level gain of about 1.5 dB is desired for IC to justify the additional complexity [3], the various sources of performance degradation should not result to a loss larger than 1.9 dB relative to the ones for the equalizer at the CDF operating points of interest. Otherwise, system level simulations are needed to determine if the IC complexity is justified by the throughput gain.
d) Application of SHO reduces the ideal IC gains by at least 0.8-1.0 dB.
e) Non-idealities should not have a combined effect corresponding to more than about 35% of the power of the IC participating sectors remaining non-cancelled.   

In particular, the most important aspect of IC relative to equalizer is the identification and capturing of the total power from the interfering sectors. Although these sectors may be roughly identified by the UE for handoff purposes, fully capturing their non-pilot power is more difficult. 

Given that sectors with total power as low as about -6 dB relative to the serving sector need to be captured, this may place significant burden on identifying the transmitted codes of various spreading factors and their corresponding power particularly in conjunction with discontinuous transmission (DTX) and power control. DTX may result into incorrect cancellations while even slow power control may make cell interior signals from interfering sectors difficult to properly identify/capture at the cell edge UE. Any non-captured or incorrectly captured (DTX) power directly and proportionally reduces the IC gains as it increases noise.  

Moreover, UE receiver functions such as channel estimation and time tracking may be more difficult to perform for the weaker interfering sectors than for the serving sector and will have a larger negative impact on the IC as the equalizer relies for the corresponding functions on the stronger serving sector. The total reduction in effectively cancelled power should not exceed 30% of the total power for each interfering sector.
The evaluation scenarios should consider the previous practical issues. For the assumed guidelines (2 interfering sectors in IC, -6 dB IC threshold), their impact on the ideal performance should not exceed 1.9 dB, or the effectively non-cancelled power should not exceed about 35% of the total, in order to motivate IC based on link level simulations.
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