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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).  The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

Where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

A study item for further improved minimum performance requirements for UMTS/HSDPA UE (FDD) was approved at the 3GPP RAN #30 meeting.  This technical report summarizes the work that RAN4 has accomplished in this study item to assess the feasibility of both one-branch and two-branch interference cancellation/mitigation UE receivers.  These receivers attempt to cancel the interference that arises from users operating outside the serving cell.  This type of interference is also referred to as ‘other cell’ interference.  In past link level evaluations, this type of interference has been modelled as AWGN, and as such can not be cancelled.  The study item has developed models for this interference in terms of the number of interfering Node Bs to consider, and their powers relative to the total other cell interference power, the latter ratios referred to as Dominant Interferer Proportion (DIP) ratios.  DIP ratios have been defined based on three criteria; median values of the corresponding cumulative density functions, weighted average throughput gain, and field data. 

Interference aware receivers, referred to as type 2i and type 3i, were defined as extensions of the existing type 2 and type 3 receivers, respectively.  HSDPA throughput gains for the type 3i receiver were found to be significant (15 to 50%) for DIP ratios based on the weighted average throughput gain and field data at low geometries.  System level studies indicated that a type 3i receiver provided significant gains in coverage, with gains ranging from 20 to 55% depending upon the channel and user location.  In addition, the type 3i receiver is based upon known and mature signal processing techniques, and thus, the complexity is minimized.  With two-branch, equalizer-based receivers (type 3) already available in today’s marketplace, it appears quite doable to develop a two-branch equalizer with interference cancellation/mitigation capabilities. Given the above, RAN4 has concluded that two-branch interference cancellation receivers are feasible for HSDPA.  However, no such conclusion has been reached for the type 2i one-branch receiver at this time.   
Section 1 of this document defines the scope and objectives of this feasibility study.  Section 4 describes the receiver methods that can be applied to one-branch and two-branch Interference Cancellation (IC) receivers.  The reference receivers for the type 2i and type 3i are defined, both of which are based on LMMSE sub-chip level equalizers with interference-aware capabilities.  Section 5 describes the two network scenarios that were defined and used to generate the interference statistics, which were then used to develop the interference models described in section 6.  Section 6 defines the interference models/profiles that were developed in order to assess the link level performance of IC receivers.  The DIP ratio is defined as a key statistical measure, which forms the basis of the three types of interference profiles considered.  
Section 7 defines the code and power characteristics of the signals transmitted by the serving and interfering cells for the two network scenarios defined in section 5.  These latter definitions essentially define the signal characteristics of the desired user, the common channels and the OCNS for both serving and interfering cells. Section 8 summarizes the link level simulation results based on the assumptions developed in sections 6 and 7, while section 9 summarizes the system level performance characterization.  Section 10 discusses the possible receiver implementation losses for a two-branch, sub-chip based LMMSE equalizer with interference aware capabilities.  Section 11 discusses some of the factors that will need to be taken into account when developing the test scenarios and associated performance values for the specifications.  Section 12 addresses the relative merit of providing the network with the knowledge that a given UE has an IC capability and whether dedicated signaling is required to convey that information.  Finally, section 13 provides the relevant conclusions that can be taken from this study.     
1 Scope / Objectives


The objective of this study is to evaluate the feasibility and potential performance improvements of interference cancellation/mitigation techniques for UTRA FDD UE receivers, based on realistic network scenarios. Scope of the work includes:
· Determine realistic network scenarios

· Determine suitable interference models for ‘other cell’ interference 

· Evaluate the feasibility of two-branch interference cancellation receivers through link and system level analysis and simulations
· Evaluate feasibility of one-branch interference cancellation receivers through link and system level analysis and simulations
· Determine the scope and structure of specifications to realize any improvements identified in the study
It is important to note that this document is work-in-progress and that additional sections and results will be included in future drafts.
2 References
	[1]
	SI Description for this study

	[2]
	3GPP TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)” 

	[3]
	3GPP TR 45.903, “Feasibility study on Single Antenna Interference Cancellation (SAIC) for GSM networks”


3 Definitions

Dominant Interferer Proportion (DIP) ratio: Defines the ratio of the power of a given interfering base station over the total other cell interference power.
4 Receiver methods

Text to be provided by Nokia.
4.1 Two-Branch Interference Mitigation
4.2 One-Branch Interference Mitigation
5 Network Scenarios
To estimate the link gain that 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/model that will be used in the actual link level characterization. This section describes the network scenarios agreed to in this study, while the following section defines the interference models that were developed based on system level simulations of these network scenarios.
Two network scenarios have been defined in this feasibility study as shown in Table 5.1, with one scenario focusing on HSDPA-only traffic, and the second scenario focusing on HSDPA + Release 99 voice traffic.

	
	Network Scenario 1
	Network Scenario 2

	Traffic
	HSDPA-only
	HSDPA

+

Release 99 voice


Table 5.1.  Network Scenarios

The main system level assumptions are identical for each scenario, and are summarized in Table 5.2. This amounts to defining two network scenarios which are identical except for the traffic assumed. The system parameters and their associated values provided in Table 5.2 were initially defined in [1], which summarized the results of an ad-hoc meeting held during TSG RAN WG4 #38.  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 5.2, but since we are primarily interested in interference-limited environments the group felt that the 1000 m condition alone was sufficient. 

	Parameter


	Assumption as in [4]

	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, 
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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


Table 5.2.  System level assumptions for network scenarios.

For HSDPA traffic the full-buffer traffic assumption was made to ensure that all cells were fully loaded. Also, since the purpose of these system level simulations was to generate statistics to accurately characterize the interference in the system, a round-robin packet scheduler was recommended for the system simulations to ensure that all UEs had an equal chance of being scheduled. This type of scheduler 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 ‘Max C/I’ would skew 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). 

System level simulations were then conducted based on the above assumptions for the purposes of collecting interference statistics. Static system level simulators were deemed sufficient for this exercise, and are preferred over dynamic simulators since they are typically easier to develop and require less computation time. For every ‘iteration’ in the static simulator UEs are randomly distributed across the simulated area and the relevant statistics collected. From these collected statistics certain key measures are developed, which provide some insight into how well an interference cancellation receiver might work. These key measures and the resulting interference modeling required for link level performance characterization are discussed in the next section. 
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[3] R4-060180, Network Scenarios and Associated Interference Profiles for Evaluation of Generalized Interference Cancellation (IC) Receivers, Cingular.

[4] 3GPP TR25.848 v4.0.0, Physical layer aspects of UTRA High Speed Downlink Packet Access (Release 4)

[5] 3GPP TR 25.896 V6.0.0 (2004-3), Feasibility Study for Enhanced Uplink for UTRA FDD (Release 6).

6 Interference Modeling
In this section we define the interference models/profiles that were developed in order to assess the link level performance of Interference Cancellation (IC) receivers.  Section 6.1 defines a number of statistical measures that were defined during the study, and which provide 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 defining the interference profiles. System level simulations were conducted to generate results for the statistical measures defined in section 6.1. Based on these simulation results interference profiles were developed, which were used in the link level performance characterization described in section 8.
For the HSDPA-only network scenario, the working group defined the following types of interference profiles:

i) Interference profile based on median values

ii) Interference profiles based on weighted average throughput gain

iii) Interference profiles based on field data

Initially, the group defined an interference profile based on median DIP values.  However, after the initial link level characterization, there were some in the group that thought this profile was too pessimistic.  This led the group to explore other methods that might be more representative of the gains that an IC receiver would actually provide.  Subsequently, profiles conditioned on geometry were defined based on the ‘weighted average throughput gain’ method as described in [2].  There were some that even thought that this latter method was too pessimistic when compared to field data [3], but the majority of the group felt that it was a good compromise between the profile based on median values and one based on field data. Sections 6.2, 6.3, and 6.4 present the interference characterization results leading to the development of the above three types of interference profiles respectively.

For the HSDPA + Rel. 99 network scenario, the group decided to use the same interference profiles as the HSDPA-only network scenario to assess link level performance of IC receivers. 

Finally, section 6.5 presents a summary of all the interference profiles developed for this study item.

6.1 Statistical Measures
Network interference statistics are computed using the following defined measures. Geometry G is defined as


[image: image6.wmf]N

I

I

I

I

G

BS

N

j

orj

or

oc

or

+

=

=

å

=

2

1

1

ˆ

ˆ

ˆ

,

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 NBS is the total number of  base stations considered including the serving cell.  

The Dominant Interferer Proportion (DIP) 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 DIP calculation.  

Results for the Dominant Interferer Ratio (DIR) were also presented in the working group meetings to characterize the interference environment. However, in [1] it was agreed that DIP ratios would be used to define the interference profiles and to serve as the interface between system level simulation results and link level performance characterization. Hence, results for DIR statistics are not included in this feasibility study report. The reader is referred to references [4] and [5] for DIR definitions and results.
6.2 Interference Profile Based on Median Values

This section presents interference characterization results leading to the development of the interference profile based on median DIP values. This section first presents geometry statistics obtained from system level simulations. This is followed by results from contributions, which attempt to determine the number of  interfering base stations which should be considered for proper link level characterization. These latter results indicated that five interfering cells should be modeled in the interference profile. DIP ratio statistics are presented after that showing unconditional DIP CDFs and conditional median DIP values, the latter conditioned on various geometry values. This led to the group selecting an interference profile defined by a single set of median DIP values for all geometries.  

Figures 6.1 to 6.4 show the cumulative distribution functions (CDFs) of geometry (Îor1/Ioc) generated by various companies for the HSDPA-only network scenario. The maximum value of geometry is limited to 17 dB due to the 20 dB front-to-back ratio of the antenna specified in section 5.  These figures show good agreement between results.  For example the median value is about -2.5 dB for all of the curves.  This close agreement verifies to some extent, proper operation of each company’s static system level simulator. 
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Figure 6.1: Geometry CDF [4]
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Figure 6.2: Geometry CDF [5]
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Figure 6.3: Geometry CDF [6]
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Figure 6.4: Geometry CDF [7]


In order to decide the appropriate number of interferers to model for link level characterization, it was agreed [1] to initially evaluate interference statistics for the eight strongest interfering cells. There is a trade-off – a larger number of modeled interferers in the profile makes link level characterization simulations and eventual testing more complex, but it also makes the interference model more accurate. After reviewing results for measured statistics, the group decided [9] that an appropriate trade-off between complexity and accuracy can be achieved by defining the interference profile with five strongest interfering base stations plus a filtered AWGN component to model the residual interference. Figures 6.5 to 6.8 present results generated by various companies to show the contribution of the eight strongest interfering cells to the total interference in the system. Here, the term total interference refers to Ioc as defined in Section 6.1. It can be observed that the five strongest interferers contribute a large majority of the total interference. 
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Figure 6.5: 8 Strongest Interferers [4]
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Figure 6.6: 8 Strongest Interferers [5]
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Figure 6.7: 8 Strongest Interferers [6]
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Figure 6.8: 8 Strongest Interferers [7]


The group evaluated unconditional DIP values for the eight strongest interfering cells, as well as conditional DIP values conditioned on -3 dB, 0 dB, 5 dB, and 10 dB values of geometry. Figures 6.9 to 6.12 show CDFs of unconditional DIPi for the eight strongest interferers. Figures 6.13 to 6.15 show median values of conditional DIPi for different values of geometry. Based on these DIP results at that time the group decided that since there was not a large variability in DIP values for different geometries, the group could simplify the number of simulation scenarios by defining an interference profile with a single set of median DIP values for all geometries. 
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Figure 6.9: Unconditional DIP CDFs [4]
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Figure 6.10: Unconditional DIP CDFs [5]
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Figure 6.11: Unconditional DIP CDFs [6]
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Figure 6.12: Unconditional DIP CDFs [7]
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 Figure 6.13: Conditional Median DIPs [4]
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Figure 6.14: Conditional Median DIPs [6]
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Figure 6.15: Conditional Median DIPs [5]


Thus, an interference profile was defined on the basis of averaging unconditional median DIP values submitted by four companies as shown in Table 6.1. It was agreed [9] that the interference profile would consist of the averaged set of five median DIP values and one residual interferer to model the remaining interference. It was also agreed that the residual interferer would be modeled as filtered AWGN. Based on the DIP values shown in Table 6.1, the ratio AWGN/Ioc should be set to -5.8 dB, which is equivalent to about 26% 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.  These median DIP values plus the residual AWGN were to be used with each of the geometries considered in the initial link level characterization.  The geometry values used in that initial characterization were -3 dB, 0 dB, 5 dB and 10 dB, see section 8. 

Table 6.1: Interference Profile Based on Averaged Set of Unconditional Median DIP Values [8]

	
	Cingular
	Qualcomm
	Motorola
	Nokia
	Average

	DIP1
	-4.1
	-4.1
	-4.4
	-4.4
	-4.2

	DIP2
	-7.3
	-7.3
	-7.6
	-8.0
	-7.5

	DIP3
	-10.0
	-10.0
	-10.5
	-11.5
	-10.5

	DIP4
	-12.1
	-12.0
	-12.5
	-14.0
	-12.6

	DIP5
	-13.8
	-13.6
	-14.1
	-17.0
	-14.4

	AWGN/Ioc
	-6.6
	-6.7
	-5.6
	-4.6
	-5.8

	 
	22%
	21%
	28%
	35%
	26%


6.3 Interference Profiles Based on Weighted Average Throughput Gain

Upon reviewing the initial link level performance results for the interference profile based on median DIP values, some companies expressed concern that these values were too conservative, and led to under-estimation of the benefits of IC receivers.  This led to the development of an alternative method for calculating DIP values based on what is called the ‘weighted average throughput gain’ as described in [2]. This method develops multiple sets of DIP ratios, the resulting throughputs of which are averaged to find an average throughput gain.  The set of DIP ratios closest to this average is then selected as the interference profile.  Two profiles were ultimately defined, one for 0 dB geometry, and the other for -3 dB geometry.  The remainder of this section describes the methodology used to define these two interference profiles along with their associated values.  Note since the initial link level gains were negligible for the higher geometries (5 and 10 dB), the group agreed to focus on performance at the lower geometries, which is intuitively where an IC receiver is going to provide benefit.  

6.3.1. 0 dB Geometry

The 0 dB geometry profile based on weighted average throughput gain was defined based on a methodology presented in [2] and explained further as follows. In the static system simulator, UEs were randomly placed throughout the simulated cells of interest. All of the randomly placed UEs with a geometry of near Ior1/Ioc = 0dB ((0.2 dB) were chosen and their DIP values were saved.  This process was repeated for multiple realizations, until a significant number of samples were obtained.  Then, the saved DIP values were sorted by DIP1 and then binned in 5-percentile bands. One random sample was drawn from each 5-percentile band to obtain a total of 20 representative DIP ratio sets. Table 6.2 shows the 20 representative DIP ratio sets that were used to define the interference profile for the 0 dB case.

Table 6.2 – DIP ratios for Ior1/Ioc = 0dB [2]
	#
	Ior1/Ioc
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	Ioc

	1
	-0.08
	-8.22
	-9.39
	-9.99
	-10.11
	-10.73
	-61.62

	2
	0.07
	-6.35
	-7.85
	-8.09
	-8.61
	-9.47
	-68.37

	3
	-0.01
	-5.74
	-6.41
	-10.70
	-11.19
	-11.50
	-54.74

	4
	0.05
	-5.38
	-7.48
	-7.57
	-7.68
	-15.79
	-60.59

	5
	-0.01
	-4.94
	-5.30
	-8.05
	-13.64
	-14.11
	-65.75

	6
	-0.09
	-4.68
	-5.73
	-8.11
	-12.38
	-15.16
	-57.44

	7
	-0.09
	-4.40
	-5.38
	-8.73
	-13.72
	-13.80
	-49.08

	8
	0.01
	-4.14
	-9.26
	-10.12
	-11.85
	-13.54
	-54.25

	9
	-0.06
	-3.93
	-8.89
	-10.65
	-11.50
	-12.78
	-65.95

	10
	0.09
	-3.65
	-7.36
	-9.25
	-12.49
	-13.58
	-63.34

	11
	0.02
	-3.43
	-8.55
	-8.72
	-11.52
	-15.01
	-63.50

	12
	-0.04
	-3.17
	-4.33
	-14.32
	-15.99
	-18.96
	-58.68

	13
	0.04
	-3.00
	-4.66
	-13.34
	-17.61
	-20.61
	-56.81

	14
	0.00
	-2.75
	-7.64
	-8.68
	-13.71
	-14.59
	-41.51

	15
	-0.05
	-2.40
	-4.99
	-12.37
	-18.32
	-18.70
	-47.09

	16
	-0.01
	-2.12
	-8.97
	-9.13
	-15.77
	-17.90
	-63.01

	17
	-0.03
	-1.79
	-11.42
	-12.07
	-14.54
	-14.95
	-65.39

	18
	0.04
	-1.37
	-9.47
	-15.28
	-16.42
	-17.83
	-69.25

	19
	0.07
	-0.84
	-14.86
	-15.80
	-16.01
	-17.27
	-51.90

	20
	0.08
	-0.50
	-11.39
	-19.44
	-21.55
	-24.07
	-53.99


Link level simulations were conducted for each of the above 20 representative sets of DIP ratios to obtain link level throughputs for each set.  The average throughput gain over all 20 sets was then calculated. The DIP ratio set whose individual throughput gain was closest to the average throughput gain was then chosen as the DIP ratio set for the interference profile. For the data in Table 6.2, the DIP ratio set corresponding to row #14 was found to be the one with throughput gain closest to the average. The corresponding DIP values for this row are repeated in Table 6.3. These values were used in a second round of link level characterization for the 0 dB geometry case as described in section 8. 

Table 6.3 Interference Profile Based on Weighted Average Throughput for 0 dB Geometry [2]
	DIP1 [dB]
	DIP2 [dB]
	DIP3 [dB]
	DIP4 [dB]
	DIP5 [dB]

	-2.75
	-7.64
	-8.68
	-13.71
	-14.59


6.3.2. -3 dB Geometry

In the methodology used to define the interference profile for the 0 dB geometry case in section 6.3.1 a random sample was drawn from each of the 20 5-percentile bins to obtain the 20 sets of representative DIP ratios. It was pointed out in [12] that due to this random draw, the interference profile defined in section 6.3.1 was not repeatable by other companies. If repeatability is desired, an alternative method of obtaining 20 representative DIP ratio sets based on bin-averaging was proposed in [12]. According to this alternative method the DIP values calculated for each 5 percentile interval are based on the average of all of the values that fall within that bin.  For example, for the Ior1/Ioc = -3 dB case, all UEs whose DIP1 value is equal to -3 dB ((0.2 dB) are sorted according to DIP1 and sampled at 5 percentile intervals to yield 20 groups. The 20 representative DIP values are the average of the DIP values observed by all UEs that fall within each of these 20 groups. The 20 sets of DIP values, calculated using the bin-averaging method for the -3 dB geometry case are shown in Table 6.4.  

Table 6.4  DIP values for Ior/Ioc = -3 dB, sorted on 5th percentile increments. [13].

	Bin #
	Ior/Ioc
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5

	1
	-2.998
	-6.937
	-7.659
	-8.454
	-9.608
	-10.972

	2
	-2.994
	-6.135
	-7.058
	-8.320
	-9.880
	-11.729

	3
	-3.007
	-5.755
	-6.761
	-8.203
	-10.258
	-12.123

	4
	-3.003
	-5.481
	-6.616
	-8.414
	-10.446
	-12.231

	5
	-3.016
	-5.238
	-6.392
	-8.339
	-10.864
	-12.762

	6
	-2.992
	-5.043
	-6.398
	-8.617
	-10.961
	-12.975

	7
	-3.003
	-4.866
	-6.498
	-8.647
	-11.006
	-12.908

	8
	-3.001
	-4.697
	-6.423
	-8.928
	-11.357
	-13.136

	9
	-2.983
	-4.524
	-6.180
	-8.960
	-11.626
	-13.544

	10
	-2.993
	-4.370
	-6.210
	-9.245
	-11.654
	-13.750

	11
	-2.984
	-4.218
	-6.148
	-9.594
	-11.979
	-13.862

	12
	-2.996
	-4.088
	-6.202
	-9.508
	-12.007
	-14.064

	13
	-3.001
	-3.959
	-6.205
	-9.537
	-12.151
	-14.229

	14
	-3.002
	-3.830
	-6.435
	-10.064
	-12.304
	-13.839

	15
	-2.996
	-3.699
	-6.537
	-9.879
	-12.378
	-14.146

	16
	-2.994
	-3.556
	-6.362
	-10.123
	-12.648
	-14.409

	17
	-3.007
	-3.423
	-6.515
	-10.314
	-12.788
	-14.436

	18
	-2.998
	-3.300
	-6.598
	-10.454
	-12.785
	-14.702

	19
	-2.975
	-3.174
	-6.772
	-10.619
	-12.882
	-14.717

	20
	-2.897
	-3.003
	-7.078
	-10.791
	-13.061
	-14.689


It was shown in [12], that both the random draw and bin-averaging methods produce the same throughput gains for the 0 dB geometry case and thus, either method was deemed acceptable for this case. However, this was not found to be the case for the -3 dB geometry condition, where in [13] there was shown to be a significant difference between the throughput gains for the two methods.  A significant difference was also observed in [14] where throughput gains were compared using just the random draw method.  Based on all of this, the group decided [15] to adopt the alternative method based on bin-averaging for the –3 dB geometry case, but to leave the interference profile defined for the 0 dB case in section 6.3.1 unchanged since there was no significant difference in link level throughput results for this latter case. 

Applying the ‘weighted average throughput gain’ method to the data of Table 6.4 results in the selection of row #10 as the interference profile for the –3 dB geometry case.  For clarity, the selected DIP values of row #10 are repeated in Table 6.5 below.  Note in [13] the DIP ratio set is actually selected based on the weighted average throughput as opposed to the weighted average throughput gain, but the two methods were found to be nearly equivalent for the data analyzed, and in fact the former method gave a more consistent answer.  

Table 6.5 Interference Profile based on Weighted Average Throughput for Ior1/Ioc = -3 dB [13]
	DIP1 [dB]
	DIP2 [dB]
	DIP3 [dB]
	DIP4 [dB]
	DIP5 [dB]

	-4.37
	-6.21
	-9.25
	-11.65
	-13.75


6.4 Interference Profiles Based on Field Data

The interference profiles defined in sections 6.2 and 6.3 are all based on the use of static system level simulators.  These simulators are based on a homogeneous layout of hexagonal cells with uniformly distributed users.  Thus, they fail to capture a number of real-world effects including non-homogeneity of cells, buildings/terrain, and non-uniform distribution of users, just to name a few.  Even with these shortcomings, system level simulations are still extremely valuable since the results developed are typically repeatable and one can precisely control the environment.  However, it is also very important to consider actual field data when attempting to determine the feasibility of an advanced UE receiver that is attempting to cancel interference from other cells as is being considered in this study item.  To this end, several contributions were submitted during this effort, which describe a number of field measurements [3] [16] [17] [18]. These measurements provide additional insight into how well an IC receiver might actually perform in a real network.  In addition, interference profiles conditioned on geometry were defined based on one of the sets of field data.  Link level characterization using this latter set is described in section 8.  The following briefly describes some of the main observations that can be drawn from the field data plus the specifics of the field-based interference profiles. 

In [16] interference data collected in a live UMTS network in Paris is described.  The major observations from these measurements are as follows:

· For mobiles at the cell edge, there are in general no more than 3 interfering cells seen by the UE. In about 65% of the time, there are only 2 interferers detected.

· DIP 1 values are fairly high (when compared to other DIP values) and not too spread out, ranging between 0 and -4 dB, at geometry Ior/Ioc = 0. 

· DIP 2 and DIP 3 values are more spread out.

· There are not enough 4th interferers detected to include in a meaningful statistical analysis.

· A 3-D representation of data confirmed the spread of DIP 2 in particular over a large range of values: from -2dB to about -13 dB. 

In [17] field measurements are provided for an operational UMTS/HSDPA network in parts of greater and downtown Chicago.  The results from these measurements indicate that for the 0 dB geometry case that most of the interfering energy when measured at the median points of the DIP CDF curves is contained in the first two interfering cells (78%).  For -3 dB geometry, most of the interfering energy is in the first three interfering cells (coincidentally 78%).   

Field measurements of DIP values recorded in central London are presented in [18].  DIP measurements were taken conditioned on the following values of geometry: -3, 0, 5, and 10 dB.  Based on these measurements, DIP profiles were defined as shown in Table 6.6.  These values are based on taking the median value of each respective DIP value for each of the geometries considered.  Even though this approach (taking the median value) is thought to be conservative, the values in Table 6.6 are still more optimistic from an IC performance perspective than the other profiles previously defined, see section 6.5.  If one were to apply the ‘weighted average throughput gain’ method to this field data, the results would be even more optimistic.  Link level results based on the DIP ratios corresponding to -3 and 0 dB geometries are provided in section 8.

One of the conclusions that can be drawn from all of the field measurements is that most of the interference is contained in the first two interfering cells with some energy in the third depending upon geometry.  Very little energy was detected in the fourth and beyond, and thus, the use of five interfering cells in the simulation-based profiles may be bit of an over kill.  The second conclusion is that field-based profiles are more optimistic than the simulation-based profiles and thus, performance in the real world (at least in those locations where the field data was collected) should be better than that predicted by the simulations.

Table 6.6 Interference Profiles Based on Field Data [18]

	                     Îor1/Ioc 
DIPi
	-3dB
	0dB
	5dB
	10dB

	 DIP1 
	-4.1
	-1.9
	-1.8
	-1.8

	DIP2 
	-6.3
	-8.7
	-8.5
	-9.4

	DIP3
	-9.1
	-14.6
	-15.8
	-14.9

	DIP4
	-12.1
	-20.6
	-21.7
	-20.2

	DIP5
	-15.3
	-29.8
	-31
	-31


6.5 Summary

In summary, Table 6.7 shows the interference profiles that have been defined as part of this feasibility study to assess link level performance of IC receivers. The top entry reflects the median DIP values, which are to be used for all geometries considered.  The next entry defines the two DIP profiles that were defined based on the weighted average throughput gain method for the 0 dB and – 3 dB geometries, respectively.  The last entry shows the DIP entries based on field data where we have limited the geometries to 0 and -3 dB once since there is where gain for IC receivers is expected.  It is interesting to note when comparing these profiles that the median profile is actually quite close to both of the profiles conditioned on -3 dB geometry, and how really close the latter two are to each other.  This suggests that the median profile probably should have only been used for the – 3 dB geometry condition, and that it is important to condition the DIP ratios on geometry to obtain meaningful results.   Link level performance results based on these interference profiles are presented in section 8. 

Table 6.7 Summary of Defined Interference Profiles

	Profile
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5

	Based on median values
	-4.2
	-7.5
	-10.5
	-12.6
	-14.4

	Based on weighted average throughput gain
	
	
	
	
	

	0 dB geometry
	-2.75
	-7.64
	-8.68
	-13.71
	-14.59

	-3 dB geometry
	-4.37
	-6.21
	-9.25
	-11.65
	-13.75

	Based on field data
	
	
	
	
	

	0 dB geometry
	-1.9
	-8.7
	-14.6
	-20.6
	-29.8

	-3 dB geometry
	-4.1
	-6.3
	-9.1
	-12.1
	-15.3
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7 Transmitted Code/Power Characteristics

Text to be provided by Nokia.

8 Link Performance Characterization

Text to be provided by Motorola.

9 System Performance Characterization
Text to be provided by Ericsson.
10 Receiver Implementation Issues
In this section, receiver implementation issues are discussed that are relevant to the type 3i receiver along with the impact these issues might have on the feasibility of realizing an actual UE implementation.  The main issues discussed are the requirement for two ‘receive’ paths or branches, and the complexity of the LMMSE processing as described in section 4.
With regards to the requirement for two branches, this is an issue that has had quite a bit of history in the evolution of mobile terminals.  The main concerns have been the physical realization of two branches (where does one find the space for a second path), and performance issues due to correlation and gain mismatch between paths.  3GPP has already defined performance specifications for two types of UMTS/HSDPA receivers, which require two branches: the type 1 which is based on a conventional rake, and the type 3, which is equalizer based.  Thus, there is no need to justify the feasibility of implementing two branches since it is generally accepted that this can be accomplished as further evidenced by the commercial availability of a type 3 receiver [1].  Certainly, wireless data or PC cards are potentially more amenable to two branch solutions because of additional space that may be available to implement two branches with low amounts of correlation and path mismatch between paths.  However, improvements in antenna and RF front-end design are also paving the way for solutions in conventional handsets as well.  Even though there might be higher levels of correlation and mismatch between paths in these latter solutions, it seems reasonable to assume that there will still be sufficient gain particularly in interference-limited environments.  Thus, though there may be issues with including the second antenna and associated RF front-end electronics, it appears that advancements in technology are enabling both data card and mobile handset implementations.
The LMMSE reference receiver defined for the type 3i receiver is described in detail in section 4 and [2].  The processing is nearly identical to that defined for the type 3 as defined in [3] except that the type 3i calculates an additional ‘interference aware’ term.  What this means is that the received signal covariance matrix for the type 3i is given by 
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where the first term is the contribution from the desired signal (serving cell), the second term is the contribution from the interfering base stations,  and the third term accounts for any residual interference plus thermal noise collectively modeled as AWGN.  Note all of these terms have been previously defined in section 4 and [2].  The presence of the second term is what makes the type 3i interference aware.

The corresponding equation for the Type 3 receiver is 
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where now all of the interference is accounted for in the second term, which is an estimate of the variance of the total interference plus any thermal noise.  
The remaining processing to calculate the weights of the equalizer filters is identical for both receiver types.  Thus, the only additional processing performed by the type 3i receiver is the calculation of the interference aware term.  To calculate this latter term, the type 3i receiver must estimate the channel response matrix for each of the interfering node Bs (see section 4), which in this study was assumed to be a maximum of five.  Note in an actual receiver implementation the channel response matrix will only be calculated for those interfering cells that are determined to have sufficient energy.  Data from field measurements would tend to indicate that the signals from only three interfering node Bs might need to be processed, but a conservative implementation might over bound that with the value of five used in the study.  Be that as it may, the processing required to calculate each of the interfering cell channel matrices is identical to the CPICH-based channel estimation processing that the type 3 currently performs for the serving cell.  But now in addition to processing the serving cell CPICH, the type 3i receiver will also have to process the CPICHs from each of the interfering cells.  Note there may be other methods used to perform channel estimation, but processing the CPICH is one of the most common.  Thus, we can conclude that the processing required for the type 3i reference receiver is incremental over that required for a type 3, and thus, quite doable with existing processing capabilities. 
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11 Performance and Test Specification Considerations

This could be similar to corresponding sections of the GERAN SAIC TR [3], and could include more detail. Specifically, detailed outline / structure of additional content in TS 25.101 and TS 34.121 could be included.
12 Signaling Considerations
This section would address the question: is signaling at RRC or other levels required for benefits of interference cancellation?
If so, then the section would list required capabilities and describe possible implementation, similar to GERAN SAIC TR [3].
13 Conclusions

This section would include statements on:

Feasibility and link performance of 2 branch interference cancellation
Feasibility and link performance of 1 branch interference cancellation

Scope of changes required in technical specifications
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