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1 Background
In STG meeting #16: Part 1: path loss and some test -> calibrated and tested

In STG meeting #17: Part 2: self interference calibration procedure -> calibrated and tested

In STG meeting #18: Part 3: External interference calibration procedure -> still unexplained inconsistency

STG meeting #19: Part 3 bis should focus on finalising the External interference calibration for the DL victim case.
(see history at http://seamcat.iprojects.dk/wiki/Manual/Scenario/OFDMA/calibration ). 

Note that as a result of STG#18, Version 3.2.0 Beta10 version was released on 1 April 2009 and is accessible at http://www.seamcat.org/betaversion/. This was advertised on the SEAMCAT and STG mailing list.

2 Introduction

As stated in previous contribution [1] [2] [3], the calibration is based on the input from Qualcomm (STG(08)13 and STG(08)11). As a result of Part 2 work, SEAMCAT scenarios have been created to validate the implementation of the new OFDMA 3GPP LTE module:
For a first stage of the calibration, it is assumed that a traditional system (i.e. non-CDMA, non-OFDMA) will be employed as interferer with variable Tx power to consider the OFDMA self interference effect. This simulation is based on the assumptions and parameters of E-UTRA 10MHz macro cell system used in the Qualcomm simulator [4] and [5]. The impact from interferer on victim system has been quantified in terms of throughput loss of E-UTRA versus Adjacent Channel Interference Power Ratio (ACIR) for DL. 

From this round of calibration/testing, some discrepancy have been identified. STG is invited to consider the results presented in this contributions and to take the aproppriate action.
Annex 1: input workspace scenarios: 
· STG(09)24 Annex1-scenario12.sws
Annex 2: UrbanMacro_OFDMA_calibration.class

Annex 3: Determination of the BS to BS (a.k.a. intersite) distance in SEAMCAT.

Annex 4: Simulation Assumptions and Parameters for DL

Annex 5: Propagation model plug-in description
Annex 6: Example of unwanted emission mask
Annex 7: Introduction to ACIR in DL
Annex 8: OFDMA Path loss calculation

Annex 9: Received power at the active UE (active links)

Annex 10: OFDMA Inter System interference (Self interference) calculation

3 Intermediate Simulation Results
3.1 External interference (OFDMA DL vs multi BS Taditional)
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Figure 5: Extract from STG(08)11 to calculate the external interference (Iinter)

ACLR: The unwanted emission mask is used in the simulation. The actual ACLR is computed based on the unwanted emisision mask and displayed here for information to compare with 3GPP results, but the ACLR value is not used in the simulation. See Annex 6.
ACS:
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Figure 1: Illustration of the selection of the ACS

For this simulation it is assumed that multi BS traditional (like in a DL case) are interfering the OFDMA DL victim network. Figure 2 illustrates the SEAMCAT OFDMA victim reference cell (in yellow) surrounded interferering BS in a similar fashion as the 3GPP uncoordinated deployement with worst case shift (interferer BS located at the edge of victim sector) (see figure 6). 
It has to be reminded that since we are creating an artificial ODFMA network interferer, the power transmitted by the interfereing BS has to be scaled down to consider that only 1 resorce block (RB) is allocated to one UE i.e. Tx power = 46 -10*log10(24). (assuming 24 UE) 
In order to get closer results to the averaged E-UTRA downlink throughput loss of [6], 18 BSs with omni directional antenna are simulated representing a 57 tri-sector cell as interfering contributor. These 18 interfering BSs have the exact same following characteristics (except for the positioning):

· Type: traditional

· fc = 2010 MHz

· antenna gain = 15 dBi (omnidirectional)

· propagation model: UrbanMacro_OFDMA_calibration  plugin

· Spectrum Mask : as in Annex 6 (ACLR1 = 37.9 dB, ACLR2,3,4 = 53.9 dB)

· Tx power = 46-10*log10(24) dBm

· BS location: see scenario12.sws
Figure 2 presents the 18 interfering BS arround the victim reference cell positioned as  in the 3GPP uncoordinated deployment with worst case shift (interferer BS located at the edge of victim sector). 
Figure 3 presents the SEAMCAT summary of the simulation results for ACS = 20.
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Figure 2: Illustration of the 18 interfering BS arround the victim reference cell positioned as  in the 3GPP uncoordinated deployment with worst case shift (interferer BS located at the edge of victim sector). 
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Figure 3: Summary of the simulation results (ACS = 20)
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Figure 4: topology illustration after simulation
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Figure 5: Example of output results for ACS = 20
A summary of the capacity loss for variable ACS, i.e. throughput loss of an artificial downlink E-UTRA 10MHz system due to external interference is presented in Table 1.

Results present a very good match to Qualcomm contributions and 3GPP averaged value with a slight difference for ACIR larger than 35 dB.
	ACIR [dB]
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Center Cell)
	ACS
	Resulting ACIR (with ACLR = 37.9)

	20
	6.73
	6.90
	6.34
	8.03
	20
	20

	25
	3.32
	3.30
	3.16
	3.84
	25
	25

	30
	1.49
	1.40
	1.86
	2.49
	30
	30

	35
	0.59
	0.40
	1.11
	1.19
	35
	35

	40
	0.23
	0.20
	-
	-
	40
	37.8


[3.2 Beta10]
	ACIR [dB]
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Center Cell)
	ACS
	Resulting ACIR (with ACLR = 37.9)

	20
	6.73
	6.90
	6.98
	8.28
	20
	20

	25
	3.32
	3.30
	4.01
	4.34
	25
	25

	30
	1.49
	1.40
	2.45
	2.91
	30
	30

	35
	0.59
	0.40
	1.62
	2.13
	35
	35

	40
	0.23
	0.20
	1.335
	1.5
	40
	37.8


[3.2 beta 11]

SEAMCAT workspace: STG(09)34 – scenario13
	ACIR [dB]
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Center Cell)
	ACS
	Resulting ACIR (with ACLR = 37.9)

	20
	6.73
	6.90
	7.19
	8.681
	20
	20

	25
	3.32
	3.30
	4.19
	4.91
	25
	25

	30
	1.49
	1.40
	2.51
	2.76
	30
	30

	35
	0.59
	0.40
	1.67
	2.033
	35
	35

	40
	0.23
	0.20
	1.335
	1.5
	40
	37.8


[3.2 beta 13]

Table 1: Summary of the capacity loss for variable ACS, i.e. throughput loss of an artificial downlink E-UTRA 10MHz system due to external interference

3.2 SEAMCAT Results: OFDMA DL vs OFDMA DL
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Figure 6: 3GPP topology illustration of uncoordinated deployement with worst case shift (interferer BS located at the edge of victim sector).
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Figure 7: topology illustration after simulation for OFDMA DL vs OFDMA DL
SEAMCAT workspace: STG(09)35 – scenario14
	ACIR [dB]
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Center Cell)
	ACS
	Resulting ACIR (with ACLR = 37.9)

	20
	6.73
	6.90
	7.37
	8.31
	20
	20

	25
	3.32
	3.30
	4.3
	5.07
	25
	25

	30
	1.49
	1.40
	2.6
	3.6
	30
	30

	35
	0.59
	0.40
	1.75
	2.38
	35
	35

	40
	0.23
	0.20
	1.39
	1.73
	40
	37.8


[3.2 beta 13]

Table 2: Throughput loss of downlink E-UTRA 10MHz system due to external interference for various ACIRs.
4 References

[1] STG(08)29 part 1 - Calibration test of the SEAMCAT DL OFDMA module
[2] STG(09)04 part 2 - Calibration test of the SEAMCAT DL OFDMA module
[3] STG(09)17rev1 part 3bis - Calibration test of the SEAMCAT DL OFDMA module
[4] STG(08)11 Benchmark for SEAMCAT OFDM Evolution: Simulation Assumptions and Methodology, Qualcomm.
[5] STG(08)13 Benchmark for SEAMCAT OFDM Evolution:Coexistence scenario: E-UTRA 10MHz to E-UTRA 10MHz Downlink
[6] 3GPP TR36.942, 
Annex 3
Determination of the BS to BS (a.k.a. intersite) distance in SEAMCAT.

There exist two methods to defined hexagonal grid as shown in figure A1.1 below.
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Figure A3.1: example of the two method to define an Hexagonal Grid and its results in SEAMCAT

Annex 4
Simulation Assumptions and Parameters for DL

Basic assumption: Macro cell environment with urban characteristics and adjacent channels.

1.
Characteristic of the victim

The assumptions and parameters of E-UTRA 10MHz macro cell system used in the Qualcomm simulator and SEAMCAT are listed in table A4.1 for DL case. NC (No Change) in the SEAMCAT column means that the input value to SEAMCAT is the same as for the Qulacomm input.
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Figure A4.1: General Victim tab to select the OFDMA module
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Figure A4.2: General OFDMA tab to select general settings

	Network Topology
	Qualcomm assumptions
	SEAMCAT equivalent

	Network Topology
	Hexagonal Grid, 19 sites (57 cells) with wrap around.
	NC – figure A4.6

	Inter-Side Distance
	750 m (i.e. Cell Range 500 m)
	Cell Radius = 433 m – figure A4.6

	Sectorization
	Tri- sector antennas defined in Annex 3
	NC – figure A4.6

	Base Station (BS) Antenna Gain
	15 dBi
	NC- selection in figure A4.6 and definition in figure A4.7

	User Equipment (UE) Antenna Gain
	0 dBi
	NC – figure A4.6

	Carrier Frequency
	2000 MHz
	NC – figure A4.1

	Propagation Model
	Urban macro (BS-UE, 2000MHz)

121.8+37.6*log10(d) dB 

(d is distance from BS to UE in kilometers)
	Propagation plug-in used – figure A4.8

	Log-normal Shadowing
	10 dB without correlation 
	10dB to be added directly into the plugin as input param 1. This value is added to the randomization part of the lognormal shadowing– figure A4.8n

	Minimum Coupling Loss
	70 dB
	NC - figure A4.2

	Bandwidth
	10 MHz
	NC - figure A4.2

	Number of Available Resource Blocks (M)
	24
	NC - Max subcarriers per BS - figure A4.2

	Number of Resource Block per UE (N)
	1
	NC - Number of subcarrier per mobile - figure A4.2

	Number of Active UEs per Cell (K)
	24   (K=M/N)
	NC - figure A4.5

	Bandwidth of Resource Block
	375 kHz (180kHz is the size of resource block later defined, but this has no big impact on the simulation results)
	NC - figure A4.2

	HO Margin
	3 dB
	NC - figure A4.2

	Thermal Noise Density
	-174dBm/Hz
	Hard coded value in SEAMCAT = -173.977

	UE Noise Figure
	9 dB
	NC - figure A4.2

	Maximum BS Transmit Power
	46 dBm
	NC - figure A4.4

	Link Performance Model
	Attenuated and truncated form of the Shannon bound
	NC – Default value- figure A4.2


Table A4.1: Simulation assumptions and parameters of E-UTRA 10MHz DL as victim.
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Figure A4.3: General OFDMA tab to select general settings
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Figure A4.4: Link Specific tab 
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Figure A4.5: Capacity tab 

Minimum subcarrier usage per Base Station:

When the system is filling the users in, the users would be added until the value exceed the minimum number of subcarrier usage per BS is reached (this value varies from the minimum to 100%). The default value is set to 100% for the calibration. STG decided that it is not useful to have such input parameter since for coexistence analysis the worth case scenario is to be considered and therefore a full loaded system should be used. 
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Figure A4.6: Positioning tab 
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Figure A4.7: Antenna Pattern at the Base Station
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Figure A4.8: Propagation model tab
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Figure A4.9: Path loss correlation tab

2
Characteristic of the Interferer
For a first stage calibration, it is assumed that a traditional system (i.e. non-CDMA, non-OFDMA) will be employed with variable Tx power to consider the OFDMA self interference effect.
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Figure A4.10: Setting up the interfering frequency
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Figure A4.11: Setting up the Tx power of the interferer and the unwanted spectrum mask
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Figure A4.12: coverage radius of the interferer (TX and Rx interferer)

Interfering link propagation model -> plug in
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Figure A4.13: Using the propagation plug-in for the interfering link

Location of interferer to the victim
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Figure A4.14: Setting up the position of the interferer (TXinterferer ) to
 the victim (Rxvictim ) (i.e. Simulation radius) 
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Figure A4.15: illustration of the position of the interferer to the victim using the traditional interface. 
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Figure A4.16: illustration of the position of the interferer to the victim using the OFDMA interface.

Annex 5

Propagation model plug-in (source code)
import java.util.Random;

import org.seamcat.model.propagation.PluginModel;

public class UrbanMacro_OFDMA_calibration implements PluginModel {


private Random random = new Random(); 


@Override


public double evaluate(double frequency, double distance, double TxHeight,



      

double RxHeight, int generalEnv, 



      

double logNormalShadowing, double param2, double param3) {


double pathloss = 128.1 + 37.6 * Math.log10(distance) + logNormalShadowing*random.nextGaussian();



return pathloss;


}

}

Annex 6
Example of unwanted emission mask
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Figure A6.1: Setting up the unwanted emission mask and extract the ACLR.

Annex 7
Introduction to ACIR in DL

Out-of-band-emissions maximum power: in the 3GPP UMTS – FDD mode the adjacent channel leakage ratio (ACLR) is defined by ACLRBS=PTX(in band)/PTX(out-of-band).

Maximum of adjacent channel power: the adjacent channel selectivity (ACS) is defined by

ACSUE=PRX(in band)/PRX(out-of-band).

In order to measure the combined effects of transmission and reception in the adjacent band, the DL adjacent carrier-to interference ratio ACIR is defined as:
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Note: that this equation uses linear values.
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In DL, the dominant part of ACIR is due to the UE frequency selectivity (ACS).
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Figure A7.1: Illustration of frequency separation between victim and interferer

Therefore by varying the ACS of the victim receiver, it is possible to compare the results from STG(08)13 provided by Qualcomm.
Annex 8
OFDMA Path loss calculation

pathloss = 128.1 + 37.6 log10(2.5 km) + 10 *random ()[dB]; 

(see Annex 2 for a description of the source code. This plugin model is made freely available at http://seamcat.iprojects.dk/wiki/Manual/Scenario/OFDMA/calibration) 

Effective path loss = Max (pathloss – G_Tx – G_Rx, MCL) 

Where:

· G_Tx and G_Rx are the antenna gain at the transmitter and receiver respectively. 

· MCL is the minimum coupling loss defined in 3GPP as the parameter describing the minimum loss in signal between BS and UE or UE and UE in the worst case and is defined as the minimum distance loss including antenna gains measured between antenna connectors.  In our simulation MCL is set to 70 dB.
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Figure A8.1:Effective Path loss, active links

	Percentile level (%)
	Effective Path Loss for active links (dB)

	0
	70

	50
	90.76

	99
	113


Table A8.1: Summary of the effective path loss results for 0%tile, 50%tile and 99%tile

Annex 9

Received power at the active UE (active links)
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Figure A9.1: SEAMCAT Results for the Rx power (using Tx max power = 46 dBm)

Annex 10

OFDMA Inter System interference (Self interference) calculation
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Figure A10.1: Extract from STG(08)11 to calculate the self interference (Iother)
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Figure A10.2: SEAMCAT Results for the self interference (i.e. inter system interference)
	Percentile level (%)
	Effective Path Loss for active links (dB)
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	Self Interference

	0
	70
	46
	-70

	50
	90.76
	46
	-59

	99
	113
	46
	-35


Table A10.1: Summary of the effective path loss results for 0%tile, 50%tile and 99%tile
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