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1 Introduction

Based on the input from Qualcomm (STG(08)13 and STG(08)11) SEAMCAT scenario have been created to validate the implementation of the new OFDMA 3GPP LTE module.

As a first step, the aggressor is simulated as a traditional system.

In the Qualcomm contribution, 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. 
2 Simulation Assumptions and Parameters for DL
Basic assumption: Macro cell environment with urban characteristics and adjacent channels.
2.1 Determination of the BS to BS (a.k.a. intersite) distance in SEAMCAT.

There exists two method to defined hexagonal grid as shown in figure 1 below.
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Figure 1: example of the two method to define an Hexagonal Grid and its results in SEAMCAT
2.2 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 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.
	Network Topology
	Qualcomm assumptions
	SEAMCAT equivalent

	Network Topology
	Hexagonal Grid, 19 sites (57 cells) with wrap around.
	NC – figure 7

	Inter-Side Distance
	750 m (i.e. Cell Range 500 m)
	Cell Radius = 433 m – figure 7

	Sectorization
	Tri- sector antennas defined in [1]
	NC – figure 7

	Base Station (BS) Antenna Gain
	15 dBi
	NC- selection in figure 7 and definition in figure 8

	User Equipment (UE) Antenna Gain
	0 dBi
	NC – figure 7

	Carrier Frequency
	2000 MHz
	NC – figure 2

	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 9

	Log-normal Shadowing
	10 dB without correlation 
	10dB to be added directly into the plugin as input param 1 – figure 9 and figure 10 for the path loss correlation

	Minimum Coupling Loss
	70 dB
	NC - figure 3

	Bandwidth
	10 MHz
	NC - figure 3

	Number of Available Resource Blocks (M)
	24
	NC - Max subcarriers per BS - figure 3

	Number of Resource Block per UE (N)
	1
	NC - Number of subcarrier per mobile - figure 3

	Number of Active UEs per Cell (K)
	24   (K=M/N)
	NC - figure 6

	Minimum subcarrier usage per Base Station
	?assumed full loaded system 100%
	80 % by default - figure 6 For OFDMA system it is 
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. 
This input parameter will be removed from the user interface (ticket# 144)

	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)
	Not input parameter but implicitly it is the BW/M
Create a new input parameter

Default value is 375 kHz

Consistency check to be done for the user

	HO Margin
	3 dB
	Figure 3

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

	UE Noise Figure
	9 dB
	NC - figure 3

	Maximum BS Transmit Power
	46 dBm
	NC - figure 5

	Link Performance Model
	Attenuated and truncated form of the Shannon bound in [1] Annex A.1
	NC – Default value- figure 4


Table 1: Simulation assumptions and parameters of E-UTRA 10MHz DL as victim.
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Figure 2: General Victim tab to select the OFDMA module
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Figure 3: General OFDMA tab to select general settings
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Figure 4: General OFDMA tab to select general settings
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Figure 5: Link Specific tab 
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Figure 6: Capacity tab 
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Figure 7: Positioning tab 
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Figure 8: Antenna Pattern at the Base Station
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Figure 9: Propagation model tab
[image: image12.png]> Link
Genersl CDMA or OFDMA | | | |

General | Lnk specic | Capsciy | ystem Layous | Postioning | Propsgation odel Pathoss Corslaton |
Patioss

sz Pathiass Caralation

itis unchecked since the calibration

simulation are assuming no path loss

corelation woB
5=

This provides a sinple correlation model for shadow Fading, Thiscorrelaton model is mostly employed in plik case. But can be used n dowriit.as well. To use user defined pathioss correlation the
variance on the propagation model tab must be turned o

Inter-ste - correlation factor

Iustration

Intra-site correlation
p=1 BSt

<

Lo lies L]





Figure 10: Path loss correlation tab

2.3 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 11: Setting up the interfering frequency
Tx power 33 dBm (default value) ( scenario 1 (calibration_simulation_scenario 1.sws) with 1 snapshot
Tx power 33 dBm (default value) ( scenario 2 (calibration_simulation_scenario 2.sws) with 10 snapshot
Tx power -200 dBm (default value) ( scenario 3 (calibration_simulation_scenario 3.sws) with 10 snapshot
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Figure 12: Setting up the Tx power of the interferer

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

Interferer/victim propagation model
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Figure 13: Using the propagation plug-in for Interferer/victim propagation model
Unwanted emission mask
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Figure 13: Setting up the unwanted emission mask and extract the ACLR.

Location of interferer to the victim
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Figure 14a: Setting up the position of the interferer to the victim.
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Figure 14b: illustration of the position of the interferer to the victim using the traditional interface.
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Figure 14c: illustration of the position of the interferer to the victim using the OFDMA interface.

3 Results of Simulation 

This first set of results presents the general behavior of the new OFDMA module. The new module has the capability to break down the “black” box concept by probing the following information from the module.
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Figure 15: Possible probe of the OFDMA module.
3.1 Results of Scenario 1
External interference

2.5 km = 136.8 dB + 10dB (shadowing) = 147 dB
Tx = 33 dBm, Tx gain = 0dBi
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Figure 16
Path loss
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Figure 17
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Figure 18: Propagation path loss based on the external evaluation using the original equation.
[image: image25.png]1000 samples from USER_PLUGIN Display

© Yector

100
008
000
oss & EBE
080
078 € Density
o7
oes Identfication
080
058
050
048 Mean: 101,41
0@
03s StdDevi17.34
030
025
020
o1
010
o0 / Save
e D Close
0 ™ w @ s e 70 e e w0 1o 1o

Signal Loss, dB Help

1000 samples from USER_PLUGIN

E
g





Figure 19: Propagation path loss based on the plug-in model to investigate the validity of the plug-in (CDF is presented here)
Received power
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Figure 19
Distance to first BS in active list
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Figure 19a: CDF of the distance to first BS
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Figure 19b: Event-wise evolution of the distance to first BS
3.2 Scenario 2

Tx power 33 dBm (default value) ( scenario 2 (calibration_simulation_scenario 2.sws) with 10 snapshots
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Figure 20a: window of results of the OFDMA module
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Figure 20c: zoom of the results for scenario 1
3.3 Scenario 3

Tx power -200 dBm (default value) ( scenario 3 (calibration_simulation_scenario 3.sws) with 10 snapshots
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Figure 21: zoom of the results for scenario 2
3.4 Scenario 4 and 4bis: evaluation of the throughput loss

Assumptions:
General:
Snapshot:100

Victim:

fvictim = 2000 MHz 
ACS UE (OFDMA victim) = 20 dB

Cell Radius = 433 m (Scenario 4)

Cell Radius = 216 m (Scenario 4bis)
Interferer:

finterferer = 2010 MHz
Interferer Tx power = 33 dBm

Interferer BS position at (100 m, 100m) of the victim system ref.BS
ACLR BS (traditional interferer)= 37.98 dB

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 
ACIR-1=ACLRBS-1+ACSUE-1.
In DL, the dominant part of ACIR is due to the UE frequency selectivity (ACS).
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Figure 22: Illustration of frequency Scenario 4 and the 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.
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Figure 23: Illustration of the selection of the ACS
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Figure 24: Illustration of the spatial positioning the victim system BS (0,0) and the interferer system BS (100 m, 100 m)
SEAMCAT Results
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Table 2: summary of SEAMCAT results for different ACS value
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Figure 25. Throughput loss of downlink E-UTRA 10MHz system due to external interference for various ACIRs.

	ACIR [dB]
	Qualcomm

throughput Loss in %

without shadowing correlation 
	SEAMCAT

throughput Loss in %

without shadowing correlation
	SEAMCAT

throughput Loss in %

without shadowing correlation

	
	
	Scenario 4 (Cell Radius = 433 m)
	Scenario 4bis (Cell Radius = 216 m)

	20
	6.90
	0.11
	0.28

	25
	3.30
	0.09
	0.2

	30
	1.40
	0
	0.04

	35
	0.40
	0
	0.1

	40
	0.20
	0
	0


Table 3. Throughput loss of downlink E-UTRA 10MHz system due to external interference for various ACIRs (ACLR = 37.98 dB).
3.5 Scenario 5 and 5bis: evaluation of the throughput loss

Assumptions:
General:
Snapshot:100

Victim:

fvictim = 2000 MHz 
ACS UE (OFDMA victim) = 20 to 35 dB with 5 dB increment
Cell Radius = 433 m (Scenario 5)
Cell Radius = 216 m (Scenario 5bis)
Interferer:

finterferer = 2020 MHz

Interferer Tx power = 33 dBm

Interferer BS position at (100 m, 100m) of the victim system ref.BS

ACLR BS (traditional interferer)= 53.99 dB by shifting the finterferer=2020 MHz 
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Figure 22: Illustration of frequency Scenario 5 and the separation between victim and interferer
	ACIR [dB]
	Qualcomm

throughput Loss in %

without shadowing correlation 
	SEAMCAT

throughput Loss in %

without shadowing correlation
	SEAMCAT

throughput Loss in %

without shadowing correlation

	
	
	Scenario 5 (Cell Radius = 433 m)
	Scenario 5bis (Cell Radius = 216 m)

	20
	6.90
	0.15
	0.4

	25
	3.30
	0
	0.4

	30
	1.40
	0
	0

	35
	0.40
	0
	0

	40
	0.20
	0
	0


Table 4. Throughput loss of downlink E-UTRA 10MHz system due to external interference for various ACIRs (ACLR = 53.99 dB).
4 Inter system interference (Scenario 6 and Scenario 6 bis)
Assumptions: 

General:
Snapshot:100

Victim:

fvictim = 2000 MHz 
ACS UE (OFDMA victim) = 20 dB 
Cell Radius = 433 m (Scenario 6)

Cell Radius = 216 m (Scenario 6bis)
Interferer:

finterferer = 2020 MHz

Interferer Tx power = -2000 dBm

Interferer BS position at (100 m, 100m) of the victim system ref.BS
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Figure 24: Inter System Interference (=Interference power from other cells of the same system) (Scenario 6) with a Cell Radius = 433 m.
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Figure 24: Inter System Interference (=Interference power from other cells of the same system) (Scenario 6bis) with a Cell Radius = 216 m.
5 General remarks for developer

· In general CDF legend not correct (it refers to dBm for all output diplay).

· Elevation angle is always the same value, irrespective of the position of the UE to the BS.
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· When loading a workspace with OFDMA module, it is not possible to load the results.
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