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Simulation on IM relaxation
1 Introduction

The discussion on BTS radio requirements relaxation has been raised by Alcatel/ Alcatel-Lucent since GERAN#31.

In [1], it was stated “that it makes no sense to have a strong requirement on the BTS IM (Intermodulation) products since the MS requirements are much more loose”.  

Meanwhile, changing the Intermodulation measurement method from peak hold to average value (a 9 dB conversion factor needs to be taken here) for the new BTS class, the Multicarrier BTS(MCBTS), was proposed in [2].

Till now, a lot of study papers and comments have been presented concerning possible system impacts with this relaxation.

In this paper, the impact on GSM system under several different degrees of IM relaxation and different max power Levels for Multicarrier BTS are studied using Monte-Carlo system simulation.
2 Simulation assumption discription
Simulation environment and model

Investigations show that the impact on one operator network performance is low if the MCBTS with relaxed IM requirement replaces the traditional BTS. So this paper is focus on the uncoordinated Scenarios. 
Typical urban and dense urban cell radii are used in different scenarios; both the interfering network using MCBTS and the victim network using the traditional BTS are simulated. 
· 600m, 1000m radii for macro cells

· 200m radius for micro cells

Different BTS power levels for MCBTS are also investigated.
· 10W/carrier

· 15W/carrier

· 20W/carrier

The sum of IM products from multicarrier BTS is modeled as wideband noise. This implies that all frequencies are always interfered in all time-slots. This corresponds to a really worst case scenario, but it is relevant for comparing the impact from different IM attenuation performance. 5 different relaxation levels are studied:
· -79dBc as specified in [1]

· -70dBc as the relaxation required

· -65dBc

· -60dBc

· -56dBc 

Uncoordinated scenario

Three scenarios have been used for the simulations:

· Scenario1:Interfering BTSs are placed at the edge of the victim cells as figure 1
· Scenario2:Interfering BTSs and victim BTSs are co-located as figure 2

· Scenario3:Micro victim cells interfered by Macro cell BTSs as figure 3

In all scenarios, distribution of C/I in all nodes is calculated, but no traffic is generated or analyzed. Based on C/I the risk for dropped-call increasing and the possible data throughput degradation are investigated.

	
[image: image1.emf]1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

1

3

2

Victim cell BTS

Interference  cell BTS

Interference cell are placed at the edge of Victim cell 


Figure1 simulation scenario 1
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Figure2 simulation scenario 2
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Figure3 micro system interfered by macro system, scenario 3
	


PS simulation
To estimate the data throughput the following link level simulation result is used:
[image: image4.emf]0 5 10 15 20 25 30 35 40 45 50

0

10

20

30

40

50

60

70

80

90

100

C/I[dB]

Throughput [kbps/Ts]

 

 

EGPRS

EGPRS2-A


Figure4 Mapping Throughput to C/I for EGPRS and EGPRS2-A
Other simulation parameters
Table 1 simulation assumptions

	BTS and MS of the network

	frequency reuse factor
	4/12

	BTS single carrier maximum output power 
	40dBm for macro cell
30dBm for micro cell

	BTS antenna maximum gain
	15dBi

	BTS antenna main direction
	0°

	BTS height
	30m

	Downlink power control
	off

	Warparound
	on

	MS number per cell
	20

	MS antenna maximum gain
	0dBi

	MS thermal noise
	-115dB

	MS linearity (IP3) 
	10dB better than according to specification

	Interrupted rate under criteria 
	C/I<10dB

	Interfering MCBTS

	antenna maximum gain
	15dBi

	antenna main direction
	0°

	minimum distance between MS and BTS
	30m

	Simulation environment

	cell radius 
	600/1000 m for macro cell

200m for micro cell

	path loss model (Note1)
	Cost231‑Walfish‑Ikegami 

Loss (dB) = 132.8 + 38log(d/km)

	slow fading
	enabled


Note1: The shadow fading is modeled as a Gaussian distributed random variable with zero mean and standard deviation σ. The shadow fading is expressed as the weighted sum of a common component, Zn, to all cell sites, and an independent component, Zl, from each cell site. In other words, Zn is generated based on local shadowing point at the node coordinates (e.g. related to a mobile station location), and Zl is generated based on local shadowing point for a given base station. The shadow fading value between node n and base station l is: 

SBn,l =a*Zn +b*Zl

The values for a and b are a=b=0.5

3 simulation results
3.1 MCBTS power level: 10W/carrier 
	1000m macro interfered by 1000m macro,scenario 1
	1000m macro interfered by 1000m macro, scenario 2

	[image: image5.emf]0 2 4 6 8 10 12 14 16

0.01

0.012

0.014

0.016

0.018

0.02

0.022

0.024

0.026

0.028

0.03

SIR dB

CDF

CDF vs. SIR  Macro(1000*sqrt(3)m) interfered by Macro(1000*sqrt(3)m) 

-56dBc

-60dBc

-65dBc

-70dBc

-79dBc


Figure 5 CDF of DL Rx SIR
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Figure 8 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	38.98
	38.79
	38.49
	37.92
	37.21
	39.1
	38.92
	38.61
	38.04
	37.32

	Interrupted rate (%)
	1.981
	1.981
	1.9857
	1.9952
	2.0238
	1.2952
	1.2952
	1.2952
	1.3
	1.3

	Average data throughput (kbps)
	Average data throughput (kbps)

	EGPRS
	56.59
	56.57
	56.52
	56.41
	56.23
	57.0393
	57.0169
	56.9727
	56.8686
	56.6954
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Figure 6 Throughput degradation level of EGPRS
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Figure 9 Throughput degradation level of EGPRS

	EGPRS2-A
	88.22
	88.11
	87.91
	87.46
	86.75
	88.9168
	88.8088
	88.602
	88.1374
	87.4353
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Figure 7 Throughput degradation level of EGPRS2-A
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Figure 10 Throughput degradation level of EGPRS2-A


	600m macro interfered by 600m macro, scenario 1
	600m macro interfered by 600m macro, scenario 2
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Figure 11 CDF of DL Rx SIR
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Figure14 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	37.18
	37.04
	36.8
	36.35
	35.76
	37.4766
	37.3323
	37.0913
	36.6316
	36.0415

	Interrupted rate (%)
	3.9
	3.9
	3.9
	3.9
	3.91
	2.7714
	2.7714
	2.7762
	2.7905
	2.7905

	Average data throughput (kbps)
	Average data throughput (kbps)

	EGPRS
	54.9684
	54.9536
	54.9236
	54.8495
	54.722
	55.6516
	55.6360
	55.6043
	55.5273
	55.3965
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Figure 12 Throughput degradation level of EGPRS
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Figure 15 Throughput degradation level of EGPRS

	EGPRS2-A
	85.0239
	84.9515
	84.8108
	84.4857
	83.9723
	86.0141
	85.9375
	85.7894
	85.4478
	84.9143
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Figure 13 Throughput degradation level of EGPRS2-A
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Figure 16 Throughput degradation level of EGPRS2-A


	200m Micro interfered by 1000m Macro, scenario 3
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Figure 17 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	22.3344
	22.3253
	22.3059
	22.2564
	22.1725

	Interrupted rate (%)
	7.4
	7.4
	7.4105
	7.4211
	7.4632

	Average data throughput (kbps)

	EGPRS
	43.7126
	43.7033
	43.6824
	43.6263
	43.525
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Figure 18 Throughput degradation level of EGPRS

	EGPRS2-A
	56.8855
	56.8635
	56.8151
	56.6886
	56.4682
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Figure 19 Throughput degradation level of EGPRS2-A


3.2 MCBTS power level: 15W/carrier
	1000m macro interfered by 1000m macro,scenario 1
	1000m macro interfered by 1000m macro,scenario 2

	[image: image20.emf]0 5 10 15

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

Sir dB

CDF

Empirical CDF

 

 

-79dBc

-70dBc

-65dBc

-60dBc

-56dBc


Figure 20 CDF of DL Rx SIR
	[image: image21.emf]0 5 10 15

0

0.01

0.02

0.03

0.04

0.05

0.06

Sir dB

CDF

Empirical CDF

 

 

-79dBc

-70dBc

-65dBc

-60dBc

-56dBc


Figure 23 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	36.8835
	36.7117
	36.4181
	35.8504
	35.1211
	36.879
	36.7073
	36.4132
	35.8441
	35.1123

	Interrupted rate (%)
	2.7476
	2.7524
	2.7524
	2.7524
	2.8
	2.0762
	2.0762
	2.0762
	2.0857
	2.0857

	Average data throughput (kbps)
	Average data throughput (kbps)

	EGPRS
	55.3985
	55.3757
	55.3262
	55.1961
	54.9621
	55.7751
	55.7525
	55.7032
	55.5728
	55.3419
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Figure 21 Throughput degradation level of EGPRS
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Figure 24 Throughput degradation level of EGPRS

	EGPRS2-A
	85.1072
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	84.7902
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Figure 22 Throughput degradation level of EGPRS2-A
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Figure 25 Throughput degradation level of EGPRS2-A


	600m macro interfered by 600m macro, scenario 1
	600m macro interfered by 600m macro, scenario 2
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Figure 26 CDF of DL Rx SIR
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Figure 29 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	34.4189
	34.3071
	34.1098
	33.7086
	33.1636
	34.7082
	34.593
	34.3895
	33.977
	33.4191

	Interrupted rate (%)
	5.5762
	5.5762
	5.5762
	5.5857
	5.6
	4.3952
	4.4
	4.4
	4.4
	4.4238

	Average data throughput (kbps)
	Average data throughput (kbps)

	EGPRS
	53.1852
	53.1718
	53.1415
	53.0581
	52.9047
	53.7356
	53.7215
	53.69
	53.6048
	53.4479
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Figure 27 Throughput degradation level of EGPRS
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Figure 30 Throughput degradation level of EGPRS

	EGPRS2-A
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Figure 28 Throughput degradation level of EGPRS2-A
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Figure 31 Throughput degradation level of EGPRS2-A


	200m Micro interfered by 1000m Macro, scenario 3
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Figure 32 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	20.217
	20.2119
	20.2001
	20.1664
	20.1025

	Interrupted rate (%)
	11.1421
	11.1439
	11.1439
	11.1596
	11.1825

	Average data throughput (kbps)

	EGPRS
	40.4278
	40.4219
	40.4077
	40.3654
	40.2805
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Figure 33 Throughput degradation level of EGPRS

	EGPRS2-A
	51.5888
	51.576
	51.5456
	51.4566
	51.2834
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Figure 34 Throughput degradation level of EGPRS2-A


3.3 MCBTS power level: 20W/carrier

	1000m macro interfered by 1000m macro, scenario 1
	1000m macro interfered by 1000m macro, scenario 2
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Figure 35 CDF of DL Rx SIR
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Figure 38 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	36.288
	36.1095
	35.8047
	35.2159
	34.4602
	36.2712
	36.0925
	35.7871
	35.1969
	34.4389

	Interrupted rate (%)
	3.3952
	3.3952
	3.4
	3.4238
	3.4571
	2.7095
	2.7095
	2.7143
	2.719
	2.7333

	Average data throughput (kbps)
	Average data throughput (kbps)

	EGPRS
	54.8672
	54.8424
	54.7887
	54.646
	54.3885
	55.2608
	55.236
	55.1816
	55.0389
	54.7818

	[image: image37.emf]0 1 2 3 4 5 6 7 8

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Degradation in Bitrate[kbps]

CDF

EGPRS 

 

 

-70dBc vs. -79dBc

-65dBc vs. -79dBc

-60dBc vs. -79dBc

-56dBc vs. -79dBc


Figure 36 Throughput degradation level of EGPRS
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Figure 39 Throughput degradation level of EGPRS

	EGPRS2-A
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Figure 37 Throughput degradation level of EGPRS2-A
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Figure 40 Throughput degradation level of EGPRS2-A


	600m macro interfered by 600m macro, scenario 1
	600m macro interfered by 600m macro, scenario 2
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Figure 41 CDF of DL Rx SIR
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Figure 44 CDF of DL Rx SIR

	IM(dBc)
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Figure 42 Throughput degradation level of EGPRS
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Figure 45 Throughput degradation level of EGPRS
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Figure 43 Throughput degradation level of EGPRS2-A
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Figure 46 Throughput degradation level of EGPRS2-A


	200m Micro interfered by 1000m Macro, scenario 3

	[image: image47.emf]0 2 4 6 8 10 12 14 16

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Sir dB

CDF

Empirical CDF

 

 

-79dBc

-70dBc

-65dBc

-60dBc

-56dBc


Figure 47 CDF of DL Rx SIR

	IM(dBc)
	-79
	-70
	-65
	-60
	-56

	Average C/I(dB)
	19.6405
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	19.521

	Interrupted rate (%)
	12.6298
	12.6333
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	Average data throughput (kbps)
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	39.6045
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Figure 48 Throughput degradation level of EGPRS
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Figure 49 Throughput degradation level of EGPRS2-A


4 Summary

· Relaxing the IM requirements for MCBTS to average -70 dBc seems to have a quite small impact on system performance in all scenarios, and for all max power levels as presented in this paper, sometimes it even can not been seen because of the dominating impact is from MS IM3 products.

· Impact on high C/I is higher than on low C/I, but is still quite small
· Only small PS throughput degradation could be seen because the small degradation in low C/I and also the throughput rate curve varies slower when C/I value is high.
· In this simulation, we clould not see as much impact in the micro interfered by macro scenario as described in Ericsson’s study paper [8], that’s because of the MS non-linearity is added to emulate a more real situation, which is also the main reason why IM could be relaxed as described in[1].
· Deeper levels of relaxation to -65dBc ,-60dBc and even -56dBc seems also acceptable because the increasing of the call drop rate and C/I degradation grows a little but still neglectable. What should be noted that PS throughput degradation grows faster with higher than 20dB IM requirement relaxation, but the average value difference remains low. 
· PS throughput degradation in both EGPRS and EGPRS2-A varys quite small with different max interfering BTS power level.
· In co-location scenario the same conclusion can be made. 
· It should be noted that the simulation results in this paper shall be considered as a very bad situation because the assumption corresponds to that there will be IM products of the same size from interfering network at every channel and burst during the simulation period. This is not quite realistic in practical system, even if it is in a very heavy load traffic level. Frequency hopping and downlink power control would also reduce the potential problem as well.
· The conclusion can be made that the IM requirement for MCBTS could be relaxed to average value of -70dBc with no or very small impact. What’s more the relaxation could also be extended to higher levels. 
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