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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 -> calibrated and tested

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

In STG meeting #19: Part 3 bis: focused on finalising the External interference calibration for the DL victim case. -> calibrated and tested
In STG meeting #20: Part 4: the UL calibration was started and some bugs were identified as well as some results were presented (some of them are reproduce in this contribution for conveniency)
(see history at http://seamcat.iprojects.dk/wiki/Manual/Scenario/OFDMA/calibration ). 

Version 3.2.0 Beta14 DEV –rev450 is the current version. This new version is accessible at http://www.seamcat.org/betaversion/. 
The purpose of this contribution is the calibration of the calculation module. 
As stated in previous contributions [1] [2] [3], the calibration is based on the input from Qualcomm (STG(08)13 and STG(08)11). SEAMCAT scenarios have been created to validate the implementation of the new OFDMA 3GPP LTE module:

NOTE: it is known that the CDMA module is unstable for this version. This is due to the fact that during the development of the OFDMA module some shared comments had to be modified. 

Users SHOULD NOT use the CDMA module. The CDMA module will be fixed and tested for middle of January 2010.
2 Introduction

Similarly to the DL module calibration, 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 and then another OFDMA UL system is used as interferer. 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). 
SEAMCAT has been developed in the 3.2.0 beta branch so that the user does not see SEAMCAT as a black box.  Several snaphot vectors can be extracted so that a test user can compare his results with internal SEAMCAT results. Annex 1 presents an example on how to extractt the vector (note that this vectors are only for the last snaphots)
· Annex 1: how to extract the snaphot vectors for testing and calibration purpose

· Annex 2: Simulation Assumptions and Parameters for UL

3 Methodology of the calibration

In order to calibrate the UL module of SEAMCAT, the results of 3GPP [TS 36.942] will be used as benchmarking. Since in UL, the ACS is dominated by the ACLR, the method consists in varying the ACLR values by introducing an offset X in dB as shown in Table 1. 
The ACLR baseline value is diferent for two cases where the Agressor is adjacent to the edge of the victim RBs and when it is non-adjacent to the edge of the victim RBs. This is illustrated in Figure 1. 
Figure 2 presents a physical interpretation of the variable ACLR.
	E-UTRA

	Number of RBs per UE

	Bandwidth (BAggressor)

	ACLR dB/ BAggressor

	
	
	
	Adjacent to edge of victim RBs
	Non Adjacent to edge of victim RBs

	5 MHz
	4
	4 RB (4 × 375 kHz)
	30 + X (less than 4 RBs away)
	43 + X (more than 4 RBs away)

	10 MHz
	8
	8 RB (8 × 375 kHz)
	30 + X (less than 8 RBs away)
	43 + X (more than 8 RBs away)

	15 MHz
	12
	12 RB (12 × 375 kHz)
	30 + X (less than 12 RBs away)
	43 + X (more than 12 RBs away)

	20 MHz
	16
	16 RB (16 × 375 kHz)
	30 + X (less than 16 RBs away)
	43 + X (more than 16 RBs away)

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… dB


Table 1: ACLR model for the UL simulation in 3GPP

[image: image2]
Figure 1:Illustration of the offset X = 0 dB for a 5 MHz calibration scenario (1st row of Table 1).


[image: image3]
Figure 2: Illustration of the various ACLR value

4 Intermediate Simulation Results - OFDMA UL internal structure
ACLR: The unwanted emission mask is used in the simulation. Several Spectrum will be used to represent the various ACLR to compare with the 3GPP benchmark results.
ACS: For this simulating it is assumed that the ACS is dominated by the ACLR and a constant value of 45 dB or higher will be used.
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Figure 3: input parameter used for the victim system.
4.1 Effective path loss
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Figure 4: CDF of the effective path loss of the active UEs.
This is the effective path loss of the OFDMA UL module. Good fit with the benchmark.

4.2 Tx power at UEs
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Figure 5: CDF of the Tx power for all the active UEs.
Results are in line with the benchmark.
4.3 Rx power

The CDF shows by its straight line that there are no fluctuation to the Rx signal most of the time due to the “ideal” PC, but some picks area appearing which are due to the 1% accuracy introduces. This is in line with the benchmark.
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Figure 6: CDF of the Rx power at each of the BS for all the active links.
4.4 Self-interference

The following figure is generated from 12 events. This is in line with the benchmark.
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Figure 7: CDF of the self interference.
5 External interference (OFDMA UL vs traditional)
5.1 Assumptions to the victim

A OFDMA victim only (10MHz system with tri-sector) was considered with traditional interferers.
5.2 Assumptions to the interferers
5.2.1 General

· Frequency ( uses the following discrete values 2010, 2020 and 2030 MHz) to simulate the changes in the ACLR values, i.e. 1 user get ACLR1 and the 2 others get ACLR2 (this should simulate 3 active users per cell with different RBs indexes) 

· Interferer Tx power from -25 to +24 dBm (discrete function step 1dB) 

· It to Vr (ref cell) radius equals 4.1 km to distribute unifromly all the interferers over the all network. This value of 4.1km is choosen so that the 1st % trhoughput loss is tuned to the value of 3GPP/Qualcomm (about 9.99%). By doing this, it allows to see how the % loss behaves when the spectrum mask (hence the ACLR) varies.
· Noise floor should be arround -104 dBm 

· ACS (at the OFDMA victim part) = 45 dB and 65 dB (for the last 2 spectrum masks so that the condition ACLR >> ACS is respected)
· Simulate 171 interferers (representing: 3 active UEs x 3 cells x 19 BSs) (see figure below)
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Figure 8: Illustration of UE unifromly distributed with a radius of 4.1 km. 
5.2.2 ACIR set-up in SEAMCAT - OFDMA UL (victim) vs traditional (interferer)
Note: ticket #304 and #305 reports bug in the display and calculation of the ACLR in the OFDMA module. For the calibration using is traditional system as interferer it is not a problem and assuming a system of the same bandwdith of the victim system and only considering the value in the adjacent channel.
	Ref BW (MHz)
	Offset

(MHz)
	X=-10

ACLR1=20

ACLR2=33
	X=-5

ACLR1=25

ACLR2=38
	X=0

ACLR1=30

ACLR2=43
	X=5

ACLR1=35

ACLR2=48
	X=10

ACLR1=40

ACLR2=53

	
	
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)

	10
	-50
	-33
	-38
	-43
	-48
	-53

	10
	-15
	-33
	-38
	-43
	-48
	-53

	10
	-11
	-33
	-38
	-43
	-48
	-53

	10
	-5
	-10.76
	-15.76
	-20.76
	-25.76
	-30.76

	10
	-5
	0
	0
	0
	0
	0

	10
	5
	0
	0
	0
	0
	0

	10
	5
	-10.76
	-15.76
	-20.76
	-25.76
	-30.76

	10
	11
	-33
	-38
	-43
	-48
	-53

	10
	15
	-33
	-38
	-43
	-48
	-53

	10
	50
	-33
	-38
	-43
	-48
	-53


Table 2: Example of extraction of the ACLR from the emission spectrum mask.

5.2.3 Results:
The following is to be noted:

1. the capacity loss increases when the ACLR value increases (good behavior). 
2. The range of value are quite in line with the OFDMA UL vs OFDMA UL - BUT this does not mean that is calibrated. It is just an artifacts to check the behavior of the losses with respect to the ACIR offset. This artifacts is generated by adjusting the size of the interefering cell so that the losses is the same as 3GPP for X=-10. 
3. See below the throughput loss for various spectrum masks. The loss values are for the entire network.
	ACIR offset (X) [dB]
	ACLR 1 (30 +X)
	ACLR2 (43+X)
	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)
	iRSS 

unw(dBm)
	iRSS 

block (dBm)
	ACS

	-10
	20
	33
	9.99
	10.3
	9.8
	8.9
	-104
	-122
	45

	-5
	25
	38
	4.89
	5.00
	5.8
	5.05
	-109
	-122
	45

	0
	30
	43
	2.17
	2.10
	3.33
	3.1
	-113
	-122
	45

	5
	35
	48
	0.89
	0.90
	1.7
	1.3
	-118
	-142
	65

	10
	40
	53
	0.34
	0.40
	1
	0.54
	-124
	-142
	65


Table 3: Summary of the capacity loss for various ACIR, i.e. throughput loss of a OFDMA UL 10MHz system due to external interference simulated using traditional interferers. [3.2 beta 14 DEV – rev388]
6 External interference (OFDMA UL vs OFDMA UL)
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Figure 9: 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). 
6.1.1 ACIR set-up in SEAMCAT - OFDMA UL (victim) vs OFDMA UL (interferer)

The following spectrum masks are considered. It simulate a 3MHz emission bandwidth mask.
	Ref BW (MHz)
	Offset

(MHz)
	X=-10

ACLR1=20

ACLR2=33
	X=-5

ACLR1=25

ACLR2=38
	X=0

ACLR1=30

ACLR2=43
	X=5

ACLR1=35

ACLR2=48
	X=10

ACLR1=40

ACLR2=53

	
	
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)
	Unw (dBc)

	10
	-50
	-33
	-38
	-43
	-48
	-53

	10
	-11.5
	-33
	-38
	-43
	-48
	-53

	10
	-4.5001
	-33
	-38
	-43
	-48
	-53

	3
	-4.5
	-20
	-25
	-30
	-35
	-40

	3
	-1.5001
	-20
	-25
	-30
	-35
	-40

	3
	-1.5
	0
	0
	0
	0
	0

	3
	1.5
	0
	0
	0
	0
	0

	3
	1.5001
	-20
	-25
	-30
	-35
	-40

	3
	4.5
	-20
	-25
	-30
	-35
	-40

	10
	4.5001
	-33
	-38
	-43
	-48
	-53

	10
	11.5
	-33
	-38
	-43
	-48
	-53

	10
	50
	-33
	-38
	-43
	-48
	-53


Table 5: Example of extraction of the ACLR from the emission spectrum mask.

6.1.2 Simulations without shadow/pathloss correlation between UEUL and BS victim
The results below are based on the assumptions that the path loss between the interfering UEs and the victim BS do not have shadow/pathloss correlation because at the time the simulations were performed, this feature was not implemented in 3.2 beta 14 DEV – rev415. 
In this case the path loss between the UEs and sectors (3 sectors at the BS) and the UEs and the sites (i.e. the BS) is fully decorrelated (ρ=0)

These results describes two phenomena:

1- When the X offset is from 0 to 10 dB, the SEAMCAT results are very close to 3GPP. At that operating power level, one as to remember that the self interference is the most predominant factor. This means that any wrong propagation path loss between the interfering UEs and the victim BSs is not perceived. Also note that for the self interference, SEAMCAT consideres the shadow correlation (also called path loss correlation), therefore there is no difference between 3GPP simu and SEAMCAT. 

2- When the X offset is  from -10 to -5, the influence of the external UEs to the victim BS is more predominant (or at least similat) compare to the self-interference mechanism. Therefore any mismatch with the propagation model between 3GPP and SEAMCAT will be noticeable. Analysis of the difference between the effective pathloss with and without the pathloss correlation (see section 4.1.5) indicates that with path loss correlation the median is 88 dB while without it is 91 dB. It means that without the path loss correlation as it is assumed for this results, the signals from the external UEs are experiencing more pathloss hence are interefering less compare to the 3GPP. This would explain the 6 % (SEAMCAT) compare to 10% (3GPP) 
	ACIR offset (X) [dB]
	ACLR 1 (30 +X)
	ACLR2 (43+X)
	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)
	iRSS 

unw(dBm)
	iRSS 

block (dBm)
	ACS

	-10
	20
	33
	9.99
	10.3
	6
	6.8
	-106
	-144
	65

	-5
	25
	38
	4.89
	5.00
	3.3
	3.4
	-110
	-144
	65

	0
	30
	43
	2.17
	2.10
	2
	2
	-115
	-144
	65

	5
	35
	48
	0.89
	0.90
	1
	1.25
	-120
	-144
	65

	10
	40
	53
	0.34
	0.40
	0.5
	0.68
	-125
	-144
	65


Table 6: Summary of the capacity loss for various ACIR, i.e. throughput loss of a victim OFDMA UL 10MHz system due to a OFDMA UL interferer. [3.2 beta 14 DEV – rev415] – 500 snapshots.
6.1.3 Simulations without shadow/pathloss correlation between UEUL and BS victim
In the 3.2.beta 14 DEV - rev450, the shadow/pathloss correlation has been implemented. For this set of simulation it is assumed off. In this case the path loss between the UEs and sectors (3 sectors at the BS) is fully correlated (ρ=1) but the correlation between the sites (i.e. the BS) is fully decorrelated (ρ=0) 
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Figure 11: External path loss with and without the path loss correlation activated.
6.1.4 Simulations with shadow/pathloss correlation between UEUL and BS victim
Without stdDev (10dB) in the propagation model, it is outside with the shadow correlation equation.
Workspace: testing_external_interferer_OFDMA_UL-OFDMA_UL.sws
[image: image12.png]



Figure 10: Position of the reference cell of the interferig OFDMA UL network with respect to the victim OFDMA UL network/system
	ACIR offset (X) [dB]
	ACLR 1 (30 +X)
	ACLR2 (43+X)
	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)
	iRSS 

unw(dBm)
	iRSS 

block (dBm)
	ACS

	-10
	20
	33
	9.99
	10.3
	11.8
	13.7
	-99
	-139
	65

	-5
	25
	38
	4.89
	5.00
	7
	7.4
	-104
	-139
	65

	0
	30
	43
	2.17
	2.10
	3.9
	4.2
	-110
	-139
	65

	5
	35
	48
	0.89
	0.90
	2.1
	2.3
	-114.8
	-139
	65

	10
	40
	53
	0.34
	0.40
	1.1
	1.4
	-119
	-139
	65


Table 7: Summary of the capacity loss for various ACIR, i.e. throughput loss of a victim OFDMA UL 10MHz system due to a OFDMA UL interferer. Shadow correlation is “on” . [3.2 beta 14 DEV –rev 450] – 500 snapshots.
The results of the OFDMA simulation are given in terms of capacity/throughput loss of the OFDMA victim. The figure below presents an overview of the simulation results. 
The window has been divided in 4 areas:

· #1 presents the evolution of the achieved bitrate in the reference cell per snapshot (or event), 
· #2 presents the evolution of the achieved bite rate for the whole system per event. 
· #3 allows the user to extract various vectors for post analysis. These vectors are for the achieved bitrate (with or without external interference) and the cell capacity (i.e. the number of active users per cell) with or without interference for the reference cell or the whole system . 
· #4 presents a summary of the average of the capacity and bit rate loss expressed in percentage for both the reference cell and the entire OFDMA network (i.e. the whole system). The percentage calculation is performed for each snapshot and the mean of the percentage over all the snaphsots is deduced.
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7 Conclusion

The 3.2.beta14 Dev –rev450 has been released. Here are the current results from this version.

For UL OFDMA 10 MHz vs UL OFDMA 10 MHz

	ACIR offset (X) [dB]
	ACLR 1 (30 +X)
	ACLR2 (43+X)
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)

	-10
	20
	33
	9.99
	10.3
	11.8

	-5
	25
	38
	4.89
	5.00
	7

	0
	30
	43
	2.17
	2.10
	3.9

	5
	35
	48
	0.89
	0.90
	2.1

	10
	40
	53
	0.34
	0.40
	1.1


(workspace: testing_external_interferer_OFDMA_UL-OFDMA_UL.sws)
For DL OFDMA 10 MHz vs DL OFDMA 10 MHz

	ACIR [dB]
	Average 

throughput Loss in %

(Entire Network)

3GPP TR36.942
	Qualcomm

throughput Loss in %

(Entire Network)
	SEAMCAT

throughput Loss in %

(Entire Network)

	20
	6.73
	6.90
	8.1

	25
	3.32
	3.30
	4.7

	30
	1.49
	1.40
	2.8

	35
	0.59
	0.40
	1.8

	40
	0.23
	0.20
	1.3


Note: The differences of the DL results from STG(09)24rev3 is due to a bug in 3.2 beta 13 where the number of initial UEs was smaller than the number of Active UE, i.e. resulting in a underloaded system.
(workspace: DL calibration - OFDMA DL vs OFDMA DL.sws)
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Annex 1
How to extract snapshot vectors in SEAMCAT for testing and calibration purpose
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 Annex 2
Simulation Assumptions and Parameters for UL

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

1.
Characteristics 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 A2.1 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 A2.1: General Victim tab to select the OFDMA module
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Figure A2.2: General OFDMA tab to select general settings

	Network Topology
	Hexagonal Grid, 19 sites (57 cells) with wrap around.

	Inter-Side Distance
	750 m (i.e. Cell Range 500 m)

	Sectorization
	Tri- sector antennas defined in Error! Reference source not found.

	Base Station (BS) Antenna Gain
	15 dBi

	User Equipment (UE) Antenna Gain
	0 dBi

	Carrier Frequency
	2000 MHz

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

121.8+37.6*log10(d) dB 

(d is distance from BS to UE in kilometers)

	Log-normal Shadowing
	10 dB with correlation 

	Minimum Coupling Loss
	70 dB

	Bandwidth
	10 MHz

	Number of Available Resource Blocks (M)
	24

	Number of Resource Block per UE (N)
	8

	Number of Active UEs per Cell (K)
	3   (K=M/N)

	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)

	HO Margin
	3 dB

	Thermal Noise Density
	-174dBm/Hz

	BS Noise Figure
	5 dB

	Maximum UE Transmit Power
	24 dBm

	Minimum UE Transmit Power
	-30 dBm

	Link Performance Model
	Attenuated and truncated form of the Shannon bound


Table A2.1: Simulation assumptions and parameters of E-UTRA 10MHz UL as victim [source: Qualcomm STG(08)13].
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Figure A2.3: Throughput vs SNR for Baseline E-UTRA Coexistence Studies for UL. 
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Figure A2.4: Link Specific tab 
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Figure A2.5: Capacity tab 
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Figure A2.6: Positioning tab 
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Figure A2.7: Antenna Pattern at the Base Station
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Figure A2.8: Propagation model tab
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Figure A2.9: Path loss correlation selected for UL simulation
2
Characteristics of the Interferer
2.1 traditional system
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 A2.10: Setting up the interfering frequency

In UL ACIR-1=ACLRUE-1+ACSBS-1, and the dominant part of ACIR is due to the UE adjacent channel leakage (ACLR) (i.e. ACSBS is very large compare to ACLRUE and ACIR ≈ ACLRUE.

In SEAMCAT, with the OFDMA version it is possible to extract the ACLR (per adjacent channel) for any given spectrum mask as shown in Figure A2.11. Note that the ACLR information is only useful as display for the user to create the spectrum mask which would fit a specific ACLR. The user can display the ACLR for the spectrum mask by entering the size of the interfering emission bandwidth in #1 and by clicking on #2. By default, SEAMCAT uses a value of 1.25 MHz for the display. The ACLR value itself is never used in any of the algorithm of SEAMCAT.

[image: image25.png]Normalized ACLR (dB)

278
250
25
25
00

ES

=
3
EY

0. Adjacent Ghannel @30 48)
15, Adjacent Channel (2.0 48)
14, Adjacent Channel @20 48)
3. Adjacent Channel @20 48)
2. Adjacent Channel @20 48)
1. Adjacent Channel @20 48)
10, Adjacent Channel @20 48)
Adjacent Chamnel @3, 48)
‘Adjacent Chamnel @3, 48)
Adjacent Chamnel @3.0 )
Adjacent Chamnel @3.0 )
Adjacent Chamnel @3.0 48)
‘Adjacent Chamnel @3, 48)
Adjacent Chamnel @3.0 )
Adjacent Chamnel @3, 48)

H H 1. Adiacent Charnel (19398 d8)

. Adjscent Shahinel (15688 d5)

2. Adjacent Channel 32,0 d8)

3. Atjacent Channel 22,0 dB)

4 Atjacent Channel 22,0 )
3._;:,;,5:5:@
m
q
m

@

s

EY

2

£

18

10

Undate ACLR display.

NHz

10

18

ctin System

Adjacent Channel (3.0 d8)
Adjacent Channel (3.0 d8)
Adjacent Channel (3.0 d8)

9. Atjacent Channel (3.0 d8)

10. Adjscent Channel (32.0 d6)

11, Adjscent Channel (32.0 d6)

12. Adjscent Channel (33.0 d6)

13, Adjscent Channe! (32.0 d6)

14, Adjscent Channe! (32.0 d6)

16, Adjscent Channel (32.0 d6)

2

Unwanted Emission Mask

2

= In 21 bw. (kH2) - Normalized in 1 MHz [ACLR

a0

a5

5 a0

-
.
£

&

&

25
00
25
50
75
100
128
180
178
o 200
250
278
00
25
50
as
00
25
50

S 228

Load
save

Clear

Delete
sym

14y

Display ACLR with Interfering Erission Bancwidth (Hz) [display ont]

10.000
10.000
10,000
3.000
3000
3000
3000
3000
3000
10.000
10.000
10.000

[ ref bw

0
0

£
]
k]
20
20
20
20
33
k]
33

| unw.

-0
18
45
45
18
50

45
45
B
15
15
15

offset





Figure A2.11: Setting up the Tx power of the interferer and the unwanted spectrum mask (here for X = -10dB) 
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Figure A2.12: coverage radius of the interferer (TX and Rx interferer)

Interfering link propagation model -> plug in
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Figure A2.13: Using the propagation plug-in for the interfering link

2.1 OFDMA UL

Same characteristics as the victim system.

Victim and Interferer positioned  as shown below

Tab #1 and tab #2 as normal SEAMCAT GUI. Tab #3 has been added to allow the pathloss (shadowing) correlation betweent the interfering UE and the victim BS
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Figure A2.14: positioning of OFDMA UL victim with respect to OFDMA UL interferer
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