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1. Introduction

In an effort to ensure companies contributing to the ARP Work Item are using correct and comparable ARP simulation models, a process of model verification has been initiated in GERAN (see, for example, [1]). In this process, companies have been invited to present performance and simulation statistics for a number of specially-defined verification models. Seven such models have been defined for the synchronous case, each case adding incremental complexity to a model based on the standard 45.005 co-channel interference model (see [2]) and building towards the full ARP synchronous link model (config 2, 40% load) as used in the SAIC Feasibility Study. This contribution presents the interferer statistics and conventional receiver performance for Intel’s simulation model. The document has been updated with more completed results compared to [3].

2. Interference models

An important part of the SAIC feasibility study has been the definition of the four complex link level models characterizing the expected link layer behavior in different network configurations. These complicated models have been necessary to reliably determine the expected SAIC performance gain when operating in different network configurations. The link level parameters for configuration 2, which will be used throughout this contribution, can be seen in Table 1 (the parameters for all four link level configuration models can be found in section 5.3.1 in the TR [2]). 
	Link Parameter
	Configuration 2 40% Load

	Desired signal, C

TSC

Fading
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	6 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	10 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	9 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	14 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar1
TSC

No Fading
	15 dB

NA


Table 1 Interferer levels for network configuration 2.

When investigating the performance of SAIC receivers the CIR and DIR are two important parameters used to characterize the performance. When operating in environments having a single interferer type e.g. co-channel interference the definitions of CIR and DIR are:
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In multi-interferer environments having co- and adjacent channel interference present at the same time these definitions are modified to the following:


[image: image3.wmf]0

N

I

I

C

CIR

l

l

k

k

+

+

=

å

å

a


and 


[image: image4.wmf]0

max

max

N

I

I

I

I

DIR

l

l

k

k

+

+

-

=

å

å

a


where ( denotes the assumed ACP i.e. the attenuation by the receive filter of the first adjacent channel interferer offset 200kHz from the carrier. 

3. Model verification

The procedure is based on the observation that a number of companies have been reporting nearly identical performance for a conventional receiver when operating in a simple single interferer scenario. The process is to make a step wise extension of the interferer model towards configuration 2 detailed above. In each step an interferer is added to the link level model and the average RawBER and FER performance of a conventional receiver and the burst wise CIR and DIR distributions are reported. Calculations of the burst wise CIR and DIR distributions are made assuming an 18dB ACP.   

Simulations for the model include the following steps:
1. One cochannel interferer IC1 (main interferer) – interferer follows the standard 45.005 test signal i.e. TSC is not included. The level of the interferer is adjusted to the expected power ratio C/IC1.

2. One cochannel interferer IC1 (main interferer) – random TSC excluding TSC0. The level of the interferer is adjusted to the expected power ratio C/IC1.

3. Add an additional cochannel interferer IC2 – random TSC. Power of IC2 6dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+ IC2).

4. Include another cochannel interferer IC3 – random TSC. Power of IC3 10dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+ IC2+ IC3).

5. A residual cochannel interferer ICr included. Power of ICr 9dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr).

6. An adjacent channel interferer Ia included – random TSC. Power of Ia 14dB below power of IC1 – assuming 18dB ACP. At the input to the receiver the power of the adjacent channel interferer is therefore 4dB above the power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr+Ia).

7. Two residual adjacent channel interferers Iar included (one 200kHz below and one 200kHz above the carrier frequency). The power of each of the Iar is 18dB below power of IC1 – assuming 18dB ACP. At the input to the receiver the power is thus identical to the power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr+Ia+Iar(+200kHz)+Iar(-200kHz)).

This step-wise verification procedure is used in the following three scenarios:
1. Basic synchronized configuration 2 setup without frequency offset, interferer delay profile and receiver impairments.
2. Include frequency offset and interferer delay profile in the synchronized configuration 2 setup. The frequency offset and the interferer delay profile are modeled as described in the SAIC TR section 5 [2]. 
3. Scenario 2 setup with asynchronous operation as has been defined in the SAIC TR section 5 [2]. When simulating the asynchronous setup DTX=0 was assumed, ie. no additional scaling of the interferers were used.

4. Simulation assumptions

The simulations performed in this paper have been made using a conventional receiver compliant to the 3GPP specifications. A TU3ifh channel profile has been used both for the carrier and interferers IC1+IC2+IC3+Ia. For the residual interferer terms ICr+Iar(+200kHz)+Iar(-200kHz) the modeling described in section 5 of the technical report has been used [2]. For the carrier TSC0 is used and for the interferers the TSC is taken from a uniform distribution including all eight TSCs defined in 45.002, with the exception of the main interferer that selects one from TSC1 through TSC7. The receiver reflects a realistic implementation including burst wise estimation of channel, timing etc. 

The average performance is carried out in the CIR range from -4 to 16dB in steps of 2dB and for each CIR level 50,000 bursts have been simulated.  CIR, DIR and burst wise raw BER statistics are derived from the case that average CIR is 0dB. FER results are presented for the TCH/AFS 5.9 logical channel. 
5. Simulation RESULTS

Sections ‎5.1, ‎5.2, and ‎5.3 report the results for Test Scenarios 1,2 and 3 respectively in graphical format. These results are summarized in tabular format in Section ‎5.4. For each test scenario, four figures are shown.

The first figure shows the CDF of the burst-wise CIR in the simulation. To derive this plot, only results for the first simulation iteration were used (average CIR=0 dB).

The second figure shows the CDF of the burst-wise DIR in the simulation. As for the CIR cdf, only results for average CIR=0 dB were used.

The third figure shows raw BER versus average CIR.

The fourth figure shows class 1A FER versus average CIR.

The fifth figure shows burst wise raw BER calculated from average CIR=0dB. 

5.1 Test Scenario 1

5.1.1 CIR Distribution
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5.1.2 DIR Distribution
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5.1.3 Raw BER
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5.1.4 FER
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5.1.5 Burst wise raw BER
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5.2 Test Scenario 2

5.2.1 CIR Distribution
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5.2.2 DIR Distribution
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5.2.3 Raw BER
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5.2.4 FER
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5.2.5 Burst wise raw BER
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5.3 Test Scenario 3

5.3.1 CIR Distribution
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5.3.2 DIR Distribution
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5.3.3 Raw BER
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5.3.4 FER
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5.3.5 Burst wise raw BER
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5.4 Results Summary

This section summarizes in tabular format the graphs presented in Sections ‎5.1, ‎5.2 and ‎5.3.
	Scenario
	Test Scenario 1
	Test Scenario 2
	Test Scenario 3

	
	10%
	50%
	90%
	10%
	50%
	90%
	10%
	50%
	90%

	1
	-8.06
	-0.0739
	7.77
	-7.99
	-0.0897
	7.7
	-7.75
	0.947
	9.36

	2
	-8.03
	-0.0812
	7.92
	-8.05
	0.0116
	7.95
	-7.84
	0.794
	9.4

	3
	-8
	-0.586
	6.17
	-8
	-0.501
	6.23
	-7.89
	0.108
	7.31

	4
	-7.99
	-0.713
	5.69
	-7.98
	-0.644
	5.77
	-7.89
	-0.0913
	6.69

	5
	-7.96
	-0.852
	5.22
	-7.97
	-0.788
	5.28
	-7.9
	-0.329
	5.96

	6
	-7.97
	-0.894
	5.09
	-7.97
	-0.823
	5.16
	-7.9
	-0.397
	5.83

	7
	-7.96
	-0.926
	5.02
	-7.97
	-0.856
	5.08
	-7.9
	-0.439
	5.71


Table 2: CIR [dB] CDF @ 10%, 50%, 90% (calculated at average CIR=0dB)

	Scenario
	Test Scenario 1
	Test Scenario 2
	Test Scenario 3

	
	10%
	50%
	90%
	10%
	50%
	90%
	10%
	50%
	90%

	3
	1.21
	6.35
	13.9
	1.18
	6.29
	13.8
	1.2
	6.63
	15.1

	4
	-0.169
	4.23
	10.5
	-0.196
	4.19
	10.5
	-0.17
	4.34
	11.5

	5
	-1.66
	2.42
	7.79
	-1.71
	2.38
	7.79
	-1.84
	2.18
	8.24

	6
	-2.11
	2
	7.31
	-2.14
	1.96
	7.31
	-2.29
	1.75
	7.75

	7
	-2.44
	1.7
	6.93
	-2.47
	1.65
	6.92
	-2.67
	1.41
	7.34


Table 3: DIR [dB] CDF @ 10%, 50%, 90% (calculated at average CIR=0dB)

	Scenario
	Test Scenario 1
	Test Scenario 2
	Test Scenario 3

	
	@ 10% 
FER
	@ 1% FER
	@ 10% 
FER
	@ 1% FER
	@ 10% FER
	@ 1% 
FER

	1
	1.12
	4.04
	1.14
	4.06
	-0.439
	2.65

	2
	2.12
	4.73
	2.15
	5.05
	0.245
	3.16

	3
	2.49
	4.94
	2.54
	5.14
	0.91
	3.83

	4
	2.63
	5.02
	2.64
	5.2
	1.16
	3.87

	5
	2.64
	5.04
	2.69
	5.15
	1.42
	4.08

	6
	2.6
	5.07
	2.67
	5.09
	1.39
	4.08

	7
	2.58
	5.07
	2.6
	5.08
	1.37
	4.04


Table 4: CIR [dB] at TCH/AFS 5.9 FER =10%, 1% (average performance)

	Scenario
	Test Scenario 1
	Test Scenario 2
	Test Scenario 3

	
	@ 10% raw BER
	@ 2% raw BER
	@ 10% raw BER
	@ 2% raw BER
	@ 10% raw BER
	@ 2% raw BER

	1
	5.57
	13.1
	5.61
	13.1
	4.45
	12.7

	2
	6.16
	13.6
	6.21
	13.7
	4.89
	12.9

	3
	6.38
	13.6
	6.43
	13.7
	5.27
	13

	4
	6.45
	13.6
	6.48
	13.7
	5.4
	13

	5
	6.46
	13.6
	6.49
	13.6
	5.54
	13

	6
	6.41
	13.5
	6.44
	13.6
	5.49
	12.9

	7
	6.37
	13.5
	6.39
	13.5
	5.45
	12.9


Table 5: CIR [dB] at raw BER = 10%, 2%, (average performance)

	Scenario
	Test Scenario 1
	Test Scenario 2
	Test Scenario 3

	
	@ 25% raw BER
	@ 5% raw BER
	@ 25% raw BER
	@ 5% raw BER
	@ 25% raw BER
	@ 5% raw BER

	1
	-0.983
	4.88
	-1.02
	4.87
	-1.78
	4.78

	2
	-0.546
	5.28
	-0.524
	5.34
	-1.39
	4.94

	3
	-0.663
	5.41
	-0.561
	5.51
	-1.43
	4.97

	4
	-0.689
	5.45
	-0.648
	5.51
	-1.47
	4.96

	5
	-0.823
	5.36
	-0.788
	5.44
	-1.48
	5

	6
	-0.934
	5.25
	-0.872
	5.3
	-1.54
	4.89

	7
	-0.97
	5.17
	-0.924
	5.19
	-1.6
	4.78


Table 6: CIR [dB] at raw BER = 25%, 5%, (burst wise performance calculated at average CIR=0dB)
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� After the Rx filter assuming an 18dB ACP.
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