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Investigations of GSM-R impact from BTS IM relaxations 

1 Introduction

In cooperation with a GSM-R operator Alcatel-Lucent has presented an investigation regarding the impact from moderate BTS IM relaxation in a worst-case scenario defined by the operator, see reference [1]. 
Similar analysis has been performed by CEPT/ECC in the report regarding co-existence of UMTS900 and GSM-R, see reference [2]. This report includes both Monte-Carlo simulations of the impact as well worst-case scenarios.

This document is an update of AHG1-055 [3] and includes an analysis and simulation results based on the methods in the reports mentioned above, for the case when GSM systems in E-GSM band co-exist with GSM-R in the same area. The impact of relaxing BTS IM attenuation is analyzed using the levels in [4] and proposed in reference [5].

2 GSM-R scenario calculations according to ECC report 096 procedure
2.1 System parameters used

Following parameters for the systems are common for the scenarios:
	
	GSM-R
	E-GSM

	Frequency range
	921,2 – 924,8 MHz
	925,2 – 959,8 MHz

	Frequency reuse
	6
	3/9

	BTS antenna height (rural)
	45 m 
	45 m

	BTS antenna height (urban)
	20 m 
	20 m

	BTS antenna gain
	18 dB
	18 dBi

	BTS antenna feeder loss
	3 dB
	3 dB

	BTS output power
	45 dBm
	43 dBm

	MS antenna height
	4,5 m
	1,5 m

	MS noise figure
	7 dB
	6 dB

	MS feeder loss (fixed MS)
	2 dB
	0 dB

	MS antenna gain
	+2 dBi
	0 dBi

	MS noise floor
	-112 dBm
	-115 dBm

	System design sensitivity 
	-98 dBm
	-

	Propagation model (rural)
	Hata rural quasi-open
	Free space LOS

	Propagation model (urban)
	Hata urban
	Free space LOS

	Shadow fading margin
	8/10 dB
	-

	C/(N+I) speech
	9 dB
	-

	C/(N+I) data
	12 dB
	-


Table 1. System parameters

Maximum Out of band emissions in a 200 kHz channel from UTRA900 Node B (at 927.5 MHz), and from E-GSM base station, complying to category A in proposed CR [5] and using up to n (n≤9) channels starting from the frequency closest to GSM-R band with equal spacing ΔF causing IM to fall into GSM-R band at 925.2 - ΔF*i (1≤i≤n-1) MHz:
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	Figure 1. Out of band emissions from E-GSM BTS for ΔF=600 kHz equal spacing 9 active carriers and 600 kHz equal spacing with 3 active carriers respectively (3/9), and for UTRA900 Node B


Note that using 9 carriers simultaneously within 5 MHz corresponds to 1/3 reuse with 100% load. This is not realistic case. A more realistic case is to use these frequencies for frequency hopping and use 3-4 frequencies simultaneously. The impact when 3 carriers are used is described in the simulation results section.
2.2 GSM-R Worst case scenarios 
Similar worst-case scenarios are provided in the two documents, at least for the noise-limited case but there important differences in the scenario usage. In reference [2] two scenarios are discussed: one calculating the minimum distance between the railway track and the E-GSM base stations for maintaining system design sensitivity performance, and a worst case scenario at the cell edges along the track. The worst case scenario is important as the GSM-R connections along the track are seen as critical from security reasons.
2.2.1 Scenarios for system design sensitivity performance around the railway track

This scenario in annex 2 part A describes the impact on sensitivity relative to the specified system design sensitivity level for GSM-R. This means that interfering signal shall not exceed -98-9 dBm = -107 dBm. Fading margin is in this scenario is 10 dB. For a rural area the following minimum distances between the railway track and the E-GSM/UTRA base stations are required to maintain the system design sensitivity, assuming E-GSM MCBTS with one carrier at 925,2 MHz carrier and the others equally spaced and IM level according to different requirements, and UTRA900 at 927,5 MHz:

	
	
	Present spec (wideband noise limited)
	IM3 peaks

	
	
	
	-70 dBc
	-60 dBc

	GSM-R Frequency offset from 925 MHz
	MHz
	0,2
	0,4-0,8
	1,0-1,4
	1,6-2,6
	2,8-3,4
	3,4-4,0
	1,8-4

peaks
	0,4-4

peaks

	Interference max EIRP 
	dBm
	0
	-7
	-10
	-12
	-13
	-14
	-12
	-2

	Required path loss speech
	dB
	99
	92
	89
	87
	86
	85
	87
	97

	Required path loss data
	dB
	102
	95
	92
	90
	89
	88
	90
	100

	Min distance speech
	km
	2,1
	1,3
	1,1
	0,94
	0,87
	0,82
	0,94
	1,8

	Min distance data
	km
	2,6
	1,6
	1,3
	1,15
	1,1
	1,0
	1,15
	2,25

	Min distance data UMTS900
	km
	4,4
	3,6-2,7
	2,2-1,9
	1,84
	1,84
	1,84
	1,84
	1,84


Table 4 Required path loss and minimum distance versus GSM-R frequency used in system sensitivity limited scenario. 
The ECC report [2] defines two worst case scenarios in annex 2 part B for connections between train-mounted MS and GSM-R BTS along the railway line: one with 8 km cell-range and one with 5 km cell-range. Following sketch describes the scenarios:
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Figure 2: Worst case scenario: E-GSM MCBTS interference to GSM-R MS

The worst case interference occurs when a GSM-R MS is located near the edge of its serving cell, and an E-GSM MCBTS is located within a certain short distance to the railway track at the GSM-R cell edge area, with its antenna pointing towards to this area. The out-of-band emissions from E-GSM MCBTS may add interference to the GSM-R inter-cell interference and the noise floor of the MS receiver onboard. Fading margin is in this scenario is 8 dB.
2.2.1.1 8 km cell-range scenario
Distance to next BTS using the same frequency as the serving cell is 48 km. Propagation loss from this co-channel interferer according to reference [6] is 179 dB. Co-channel interference is 
(45+18-3)-179 = -119 dBm (isotropic). This is much lower than the noise floor in the MS. The scenario is noise-limited. Wanted signal at cell edge (8 km distance): (45+18-3)-124-8= -72 dBm (isotropic). N+I shall be less than -72-9= -81 for speech service and -72-12 dB= -84 dBm for data. 
The required path loss and minimum distance from E-GSM BTS to railway track at the peaks of Out-of-Band emissions, is calculated from the received interference from E-GSM MCBTS with one carrier at 925,2 MHz carrier and the others equally spaced, and IM level according to different requirements:
	
	
	Present spec (wideband noise limited)
	IM3 peaks

	
	
	
	-70 dBc
	-60 dBc

	GSM-R Frequency offset from 925 MHz
	MHz
	0,2
	0,4-0,8
	1,0-1,4
	1,6-2,6
	2,8-3,4
	3,4-4,0
	1,8-4

peaks
	0,4-4

peaks

	Interference max EIRP 
	dBm
	0
	-7
	-10
	-12
	-13
	-14
	-12
	-2

	Required path loss speech
	dB
	81
	74
	71
	69
	68
	67
	69
	79

	Required path loss data
	dB
	84
	77
	74
	72
	71
	70
	72
	82

	MCL (data)
	dB
	69
	62
	59
	57
	56
	55
	57
	67

	Min distance speech
	m
	290
	129
	92
	73
	65
	58
	73
	230

	Min distance data
	m
	409
	183
	129
	103
	92
	82
	103
	325

	Min distance data UMTS900
	m
	1027
	727-433
	307-244
	230
	230
	230
	230
	230


Table 2. Required path loss and minimum distance versus GSM-R frequency used. E-GSM BTS IM level according to existing specification
2.2.1.2 5 km cell-range scenario
Distance to next BTS using the same frequency as the serving cell is 30 km. Propagation loss from this co-channel interferer according to reference [6] is 168 dB. Co-channel interference is 
(45+18-3)-168 = -108 dBm (isotropic). This is higher than the noise floor in the MS. The scenario is interference-limited. Wanted signal at cell edge (5 km distance): (45+18-3)-117-8= -65 dBm (isotropic). N+I shall be less than -65-9= -74 for speech service and -65-12 dB= -77 dBm for data. 
The required path loss and minimum distance from E-GSM BTS to railway track is calculated from the received interference from E-GSM MCBTS with one carrier at 925,2 MHz carrier and the others equally spaced and IM level according to different requirements:
	
	
	Present spec (wideband noise limited)
	IM3 peaks

	
	
	
	-70 dBc
	-60 dBc

	GSM-R Frequency offset from 925 MHz
	MHz
	0,2
	0,4-0,8
	1,0-1,4
	1,6-2,6
	2,8-3,4
	3,4-4,0
	1,8-4

peaks
	0,4-4

peaks

	Interference max EIRP 
	dBm
	0
	-7
	-10
	-12
	-13
	-14
	-12
	-2

	Required path loss speech
	dB
	74
	67
	64
	62
	61
	60
	62
	72

	Required path loss data
	dB
	77
	70
	67
	65
	64
	63
	65
	75

	MCL (data)
	dB
	62
	55
	52
	50
	49
	48
	50
	60

	Min distance speech
	m
	129
	58
	41
	32
	29
	26
	32
	103

	Min distance data
	m
	183
	82
	58
	46
	41
	36
	46
	145


Table 3 Required path loss and minimum distance versus GSM-R frequency used. E-GSM MCBTS IM level -70 dBc
2.2.2 Discussion

From the tables 2 to 3 it is seen that the worst case is the noise-limited one. Minimum coupling loss from E-GSM BTS to GSM-R MS need to be at least 57 dB for -70 dBc and 67 dB for -60 dBc IM relaxation (data service). If the lowest E-GSM frequency is used, the GSM-R channels closest to E-GSM band (up to 1 MHz frequency offset from band edge) is limited by the spectrum mask of GSM for BTS complying with normal BTS specification. For MCBTS some additional peaks of IM may occur depending on the frequency spacing used in the E-GSM cell, in which case the interference is defined by the IM from E-GSM MCBTS. 
The situation may be improved by minimizing IM generation in E-GSM MCBTS on GSM-R frequencies by hopping on more frequencies than simultaneously active, frequency planning to minimize the number of IM occurrences and/or introducing additional filtering if MCBTS site is closer to the railway track than indicated minimum distance. However, this implies that some frequency spectrum of E-GSM may need to be unused in these cases. It is up to regional regulatory bodies to prescribe if additional protection is required.

In addition, the impact on GSM-R operation may be reduced by coordination between the operators.

Note that IM generated in the GSM-R MS is not considered in this analysis. 

2.3 Simulation results
Simulations were performed to analyze the impact along the railway track, with the closest E-GSM BTS at two different minimum distances from cell border as described in figure 3 :
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	Figure 3 E-GSM BTS at distance 2,5 km and 500 m respectively from GSM-R cell border


The following system parameters have been used:
	Propagation model
	Rural area propagation model

With Hbts=45m, Hm(GSM-R)=4.5m, f=920 MHz. 
Simplifies to: L1( R) =34.1*log(R) + 95.6

Path gain never exceed free space gain.

	Minimum Coupling Loss
	MCL of MS-BS_E-GSM: 80 dB

MCL of MS-BS_GSM-R: 70.5 dB

	BS antenna gain (both systems)
	15 dBi

	Log normal fading
	8 dB

	Thermal noise in MS
	-112 dBm

	Max Tx power E-GSM
	39 dBm

	Max Tx power GSM-R
	43 dBm

	DTX GSM-R
	active

	Frequency re-use pattern E-GSM

Frequency re-use pattern GSM-R


	1/3 with frequency hopping, 3 TRXs

3/9 without frequency hopping

3/6 as described in ECC report 96

	Number of frequencies E-GSM

Number of frequencies GSM-R 
	27

18

	Cell radius E-GSM

Cell radius GSM-R 
	2500 m (cell range 5000m)

4000 m (cell range 8000m)

	Site-to-site distance GSME: 

Site-to-site distance GSM-R 
	7500 m

16000 m


C/I distribution and corresponding impact on risk for dropped calls are shown in graphs below the case for the cell-area along a line following railway track (8 km cellrange) with E-GSM BTS minimum distance 2,5 km. Figure 4-6 show the graphs when GSM-R system is frequency hopping.
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	Figure 4. C/I distribution for the cell-area along the railway track with frequency hopping
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	Figure 5 C/I degradation distribution for the cell-area along the railway track cells with frequency hopping
	Figure 6 Increased risk for dropped call for the cell-area along the railway track cells with frequency hopping


Corresponding figures for cell-area along the railway track without frequency hopping in figure 7-9:
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	Figure 7. C/I distribution for the cell-area along the railway track without frequency hopping
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	Figure 8 C/I degradation for the cell-area distribution along the railway track cells without frequency hopping
	Figure 9 Increased risk for dropped call for the cell-area along the railway track cells without frequency hopping


For the cell-border areas between the cells along the track ± 500 m, the corresponding distribution shown for the two different distances in figure 10-12 and 13-15 respectively:
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Figure 1
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Figure 2


	Figure 10. C/I distribution for the cell-border areas along the track with  frequency hopping, BTS distance 2,5 km
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Figure 3
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Figure 4


	Figure 11 C/I degradation distribution for the cell-border areas along the track cells with frequency hopping, BTS distance 2,5 km
	Figure 12 Increased risk for dropped call in the cell-border areas along the track cells with frequency hopping, BTS distance 2,5 km 


And when the minimum distance from E-GSM BTS to cell border is 500 m: 
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Figure 5

	[image: image19.emf]24 24.5 25 25.5

0.49

0.492

0.494

0.496

0.498

0.5

0.502

0.504

0.506

0.508

0.51

C/I [dB]

CDF

 

 

Original

Original + MS IM

Total, BTS IM -50 dBc

Total, BTS IM -60 dBc

Total, BTS IM -70 dBc

Total, BTS IM -80 dBc


Figure 6


	Figure 13. C/I distribution for the cell-border areas along the track with  frequency hopping, BTS distance 500 m
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Figure 7
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Figure 8


	Figure 14 C/I degradation distribution for the cell-border areas along the track cells with frequency hopping, BTS distance 500 m
	Figure 15 Increased risk for dropped call in the cell-border areas along the track cells with frequency hopping, BTS distance 500 m


2.3.1 Discussion

The impact on the C/I along the railway track is fairly small, for relaxation -70 dBc it is negligible. Yet for IM relaxation up to -60 dBc, less than 0,5% of the area closest to the track has more than 1 dB degradation even when the GSM-R system is not using frequency hopping. The impact on risk for dropped call is negligible in both cases.
For the cell-border areas the impact at relaxation -60 dBc is slightly larger, especially when the closest E-GSM BTS is 500 m from cell border. In this case 0,6% (distance 2,5 km) or 1% (distance 500m) could experience more than 1 dB C/I degradation. The impact on risk for dropped call is negligible in both cases. 

It has to be noted that the simulated cases corresponds to category A requirements for spurious emission. All ready today filters are used to decrease the impact from E-GSM system out of band emissions. Similar results could possibly be reached if the attenuation within the GSM-R band is increased by 5-10 dB. Then the main impact would be for the frequencies closest to E-GSM. 
3 Analysis according to present discussion with GSM-R operators
In [1] the worst case noise-limited scenario along the track is considered. The minimum coupling loss (MCL) is assumed to be 68 dB including body loss of 3 dB for hand-held mobiles. Replacing the body loss with antenna feeder loss of fixed MS from table 1, the MCL is 67 dB in this case. This MS will receive two carriers from E-GSM MCBTS at 43 – 67 = -24 dBm. Assuming IM performance of GSM-R MS to be according to the specification for a non-small MS with 3 dB desensitization at -43 dBm, and noise floor of -112 dBm, the IM3 generated by the GSM-R MS would be -55 dBm on the same channels as the IM generated in MCBTS. If performance is even better with IP3 10 dB higher than GSM specification, IM3 is -75 dBm. This is still higher than IM emissions from E-GSM MCBTS assuming 67 dB path loss even for -60 dBc relaxation (-84  dBm). However, it is not possible to rely on this difference in all cases due to the dependence on signal strength or distance of the IM generation in the MS. For example if distance from track to E-GSM BTS is increased so the incoming signal is reduced by 10 dB the IM generated in the MS is reduced by 30 dB. In this case IM from E-GSM BTS may exceed the MS generated IM, and the cause increased interference in noise-limited situations.  
4 Conclusions

 In this document, analysis of the impact on GSM-R operation is analyzed. A methodology is used that is similar to that used by CEPT/ECC to evaluate the possible interference from UMTS900 on GSM-R. Worst case scenarios have been analyzed and minimum distance for secure communication along the railway track is calculated. In addition simulations have been performed, showing that the impact on C/I is fairly small for relaxations up to -60 dBc. To assure minimum impact additional filtering is used already today and only minor changes will be needed when the E-GSM MCBTS has IM relaxed to -60 dBc to achieve similar performance in the GSM-R system as today. IM in the GSM-R mobiles are not taken into account in the analysis as this very dependent on the distance between E-GSM BTS and the GSM-R MS. At extreme cases the IM generated in th MS is larger than the interference due to E-GSM with relaxed IM attenuation but there are areas where E-GSM BTS may determine the sensitivity. 
5 References

[1] AHG1-080009 “Investigation of GSM-R worst case scenarios”, TSG GERAN1 Adhoc meeting on MUROS/WIDER/EGPRS2/MCBTS, source Alcatel-Lucent
[2] ECC Report 096, “Compatibility between UMTS 900/1800 and Systems Operating In Adjacent Bands”
[3] AHG1-080055 “Preliminary investigations of GSM-R impact from BTS IM relaxations”, TSG GERAN1 Adhoc meeting on MUROS/WIDER/EGPRS2/MCBTS, source Ericsson
[4] AHG1-080012 “Aspects and consideration when aligning some RF performance to UMTS requirements”, TSG GERAN1 Adhoc meeting on MUROS/WIDER/EGPRS2/MCBTS, source Ericsson
[5] GP-080633 “CR 45.005-0183 Corrections, clarifications and changes of intermodulation requirement for multicarrier BTS (Rel-8)”, source China Mobile Com. Corporation and Telefonaktiebolaget L M Ericsson
[6] ITU-R Recommendation P370-7, “VHF and UHF propagation curves for the frequency range from 30 MHz to 1 000 MHz.”































































BTS





GSM/UTRA








BTS








GSM








1
2

[image: image22.png]


