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Impact on system performance from relaxation of intermodulation attenuation for multicarrier transmitters, version 2.

1 Introduction
To make the use of multi-carrier transmitters feasible in GSM/EDGE systems it has been proposed to introduce a new class of BTS with relaxed requirements on the IBSS IM attenuation performance.

Simulations to evaluate the impact on system performance for different scenarios have been performed and presented by Ericsson at GERAN #36 [1] and GERAN #37 [2]. The models used have considered the impact of BTS IM, MS noise factor and MS IM. For this contribution wideband noise and spurious emissions are added to the models. Also more realistic urban propagation models have been used to take line-of-sight effects into account. 

2 Simulator assumptions
Two systems are operating in the same area. When the systems are uncoordinated, the two networks site coordinates are shifted to get a near far situation, i.e. the BTSs of the interfering network are located as close as possible the cell borders of the victim network. The networks are operating in frequency band adjacent to each other with one GSM channel as guard band. The simulation has been performed with BTS IM suppression levels of -80, -70, -60 and -50 dBc (average values), where -80 corresponds to the existing GSM/EDGE specification, -60 corresponds to alignment with UTRAN NodeB specification. Three types of systems are defined with different characteristics and parameters in table 1. 

	Network type
	Urban macrocell
	Small urban macrocell
	Streetlevel microcell

	Propagation model
	Walfish-Ikegami / Okumura-Hata (sigma=8), with LOS-model from COST 259.
	COST 231 Walfish-Ikegami incl. LOS-model, described in TS 25.996 
	ITU-R P.1411-4 chapter 4.3. 

	Cell radius
	600 m
	150 m
	120 m

	Site-to-site distance
	1800 m
	450 m
	207 m

	Cell range
	1200 m
	300 m
	120 m

	Site type
	3-sector
	3-sector
	Omnicell

	Antenna gain
	15 dBi
	15 dBi
	0 dBi

	Min. MS-BTS distance
	30 m
	10 m
	5 m

	Site height
	17 m
	12.5 m
	5 m

	Average roof height
	12 m
	12 m
	N/A

	BTS power
	39 dBm
	24 dBm
	24 dBm


Table 1. Network specific parameters 

The 3-sector antenna used has the same antenna diagram as the one described in UMTS TR 30.03. The standard deviation of the slow fading is also the same, 8 dB.
In table 2 some common parameters for the networks are defined.

	Frequency reuse pattern (victim)
	3/9 or 4/12

	Frequency reuse pattern (aggressor)
	1/3 or 3/9

	Power regulation
	Off

	MS noise factor
	6 dB

	TRXs per cell (victim)
	3

	TRXs per cell (aggressor)
	9

	Carriers per MCPA
	9

	MS IM performance
	20 dB better than specification.


Table 2. General parameters

The interference between the different pairs of network types is studied. Two configurations were studied: Frequency hopping is activated in the victim system and non-hopping victim system. The interfering system is always non-hopping.

The impact from transmitters in the disturbing system are modelled as emitting as maximum of the sum of wideband noise for all carriers and the spurious emission requirements added to the IBSS intermodulation products. Thus there will be some impact on all used channels but to different degree. Thus changing the spurious emission requirement alone would show some impact. 

Note that wideband noise, spurious emissions and intermodulation products are only considered as emitted by the aggressor while the victim system is ideal (i.e. no IM, spurious emissions or wideband noise). Thus the simulations are somewhat pessimistic.  
2.1 Simulation scenarios

The network scenarios covered can be seen in table 3. 
	Victim
	Re-use
	Total no. freqs
	FH
	Aggressor*
	Re-use
	Scenario map
	Results in chapter

	Rural Macro
	3/9
	27
	Yes
	Rural Macro
	1/3
	Figure 1. 
	‎3.1

	Rural Macro
	4/12
	36
	No
	Rural Macro
	1/3
	Figure 1. 
	‎3.2

	Urban Macro
	3/9
	27
	Yes
	Urban Macro
	1/3
	Figure 3
	‎3.3

	Urban Macro
	3/9
	27
	Yes
	Urban Macro, coordinated 
	1/3
	Figure 4. 
	‎3.4

	Urban Small Macro
	3/9
	27
	Yes
	Urban Macro
	1/3
	Figure 2. 
	‎3.5

	Urban Small Macro
	4/12
	36
	No
	Urban Macro
	1/3
	Figure 2. 
	‎3.6

	Street level Micro
	3/9
	27
	Yes
	Urban Macro
	1/3
	Figure 6. 
	‎3.7

	Street level Micro
	3/9
	27
	Yes
	Urban Small Macro
	1/3
	Figure 5. 
	‎3.8

	Street level Micro
	3/9
	27
	Yes
	Urban Small Macro
	3/9
	Figure 5. 
	‎3.9

	Street level Micro 
	3/9
	27
	Yes
	Urban Small Macro**
	3/9
	Figure 5
	‎3.10


*Aggressor at max power, no frequency hopping, 27 frequencies. 
**BTS power 31 dBm (increase by 7 dBm), antenna gain 8 dBi (decrease by 7 dBm)
Table 3
. The simulation scenarios.

In figures 1 through 6 the different relative positioning of the victim and aggressor networks can be seen and where the sites are located.
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	Figure 1. Two systems with cell radius 2000 m. The sites of the interfering system (red) are located on the borders of the victim system (blue).
	Figure 2. The interfering system (red) has a cell radius of 600 m and its sites are located on the borders of the victim system (blue). The victim system has cells with a radius of 150 m.
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	Figure 3. Two systems with cell radius 600 m. The sites of the interfering system (red) are located on the borders of the victim system (blue).
	Figure 4. Two systems with cell radius 2000 m. The sites of both systems are co-located.
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	Figure 5. The interfering system (red) has tri-sector cells with a radius of 150 m. The victim system (blue) has omni cells with a radius of 120 m. 
	Figure 6. The interfering system (red) has tri-sector cells with a radius of 600 m. The victim system (blue) has omni cells with a radius of 120 m.


3 Simulation results

The impact on EGPRS and EGPRS2-A has been obtained by mapping C/I to bit rate. The mapping tables have been obtained from link level simulations. This mapping has been performed for average C/I per position. 
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Figure 7: Mapping Throughput to C/I for EGPRS and EGPRS2-A
The throughput for each measured position has been estimated by using this mapping for EGPRS and EGPRS2-A.
3.1 Rural Macro interfered by Rural Macro, with FH

In this the cell radius is identical in both systems and the sites of the disturbing system are located on the borders of the victim system. The C/I distribution for the victim network can be seen in figure 8.
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	Figure 8. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


The distribution of C/I degradation can be seen in figure 9 and the corresponding risk for dropped call is shown in figure 10.
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	Figure 9. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 10. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


The distribution of degradation in bitrate for packet data is shown in figure 11 and 12.
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	Figure 11. EGRPS bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 12. EGRPS2-A bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.2 Rural Macro interfered by Rural Macro, no FH

In this the cell radius is identical in both systems and the sites of the disturbing system are located on the borders of the victim system. Frequency hopping is not used in the victim network and reuse pattern is 4/12, to mimic a BCCH frequency plan. The C/I distribution in the victim network can is shown in figure 13.
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	Figure 13. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


In figure 14 the distribution of the C/I degradation is shown and in figure 15 the increased risk for dropped calls due to relaxation. 

	[image: image16.emf]0 1 2 3 4 5 6 7 8 9 10

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

C/I degradation [dB]

CDF

 

 

-80 -> -50 dBc

-80 -> -60 dBc

-80 -> -70 dBc


	[image: image17.emf]6 7 8 9 10 11 12

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

C/I drop threshold [dB]

Nodes with increased risk for dropped call [%]

 

 

-80 -> -50 dBc

-80 -> -60 dBc

-80 -> -70 dBc



	Figure 14. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 15. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


In figure 16 and 17 the distribution of bitrates can be seen.
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	Figure 16. EGRPS bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 17. EGRPS2-A bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.3 Urban Macro interfered by Urban Macro, FH

In this the cell radius is identical in both systems and the sites of the disturbing system are located on the borders of the victim system. The sites are located on the 5 meters above the roof tops and a line-of-sight model has been used to determine when different path loss models should be used. In figure 18 the C/I distribution in the victim network is shown.
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	Figure 18. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


In figures 19 the corresponding degradation is shown and in figure 20 the increased risk for drops.
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	Figure 19. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 20. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


EGPRS and EGPRS2-A bitrates can be seen in figures 21 and 22.
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	Figure 21. EGRPS bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 22. EGRPS2-A bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.4 Urban Macro interfered by Urban Macro, FH, Coordinated deployment
In this scenario the systems have the same cell radius but now the sites are co-located.
The impact on C/I for different relaxations is shown in distribution curve in figure 23.
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	Figure 23. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


The C/I degradation distribution can be seen in figure 24 and the increased risk for dropped calls is shown in figure 25.
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	Figure 24. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 25. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


The corresponding bitrates can be seen in figure 26 and 27.
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	Figure 26. EGRPS bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 27. EGRPS2-A bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.5 Small Urban Macro interfered by Urban Macro, FH

In this case the impact on a macro system with antennas close to the average roof height is studied.  The C/I distribution for different relaxations is shown in figure 28. Note the knee-like characteristics of the distribution which can be derived from the probability of line-of-sight locations.
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	Figure 28. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


As before, the degradation distribution can be seen in figure 29. In figure 30 the increased risk for dropped calls is shown.
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	Figure 29. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 30. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


Corresponding distribution of bitrate degradation for packet data is shown in figure 31 and 32.
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	Figure 31. EGRPS bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 32. EGRPS2-A bit rate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.6 Small Urban Macro interfered by Urban Macro, no FH

A similar scenario like in 3.5, except now the frequency plan in the victim network is 4/12 and no frequency hopping is used, similar to how the BCCH often are deployed.

The C/I distribution for different relaxations can be seen in figure 33, with the degradation distribution in figure 34 and in figure 35 the increased risk for dropped calls is shown.
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	Figure 33. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.
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	Figure 34. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 35. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


Figures 36 and 37 shows the bit rates of packet data, mapped from the C/I distribution in the victim network.
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	Figure 36. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 37. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.7 Street level Micro interfered by Urban Macro, FH
In this scenario a micro network is studied, with antennas sited typically 5 meters above street level. As can been seen in figure 38, C/I values in these sorts of networks are high, which means that even small interference will cause degradation, as can be seen in figure 39. However bitrates are not affected much as radio quality is still good. This can be seen in figure 41 and 42.
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	Figure 38. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


Figure 40 shows the increased risk for dropped calls for different IM relaxations.

	[image: image46.emf]0 1 2 3 4 5 6 7 8 9 10

0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

C/I degradation [dB]

CDF

 

 

-80 -> -50 dBc

-80 -> -60 dBc

-80 -> -70 dBc


	[image: image47.emf]6 7 8 9 10 11 12

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

C/I drop threshold [dB]

Nodes with increased risk for dropped call [%]

 

 

-80 -> -50 dBc

-80 -> -60 dBc

-80 -> -70 dBc



	Figure 39. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 40. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.
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	Figure 41. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 42. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.8  Street level Micro interfered by Urban Small Macro, FH
In this case the interference between two uncoordinated systems of different types but with similar cell size is simulated, see figure 5. The C/I distribution for the victim network is shown in figure 43. 
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	Figure 43. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.


Corresponding distribution of C/I degradation and the risk of dropped call is shown in figure 44 and 45 respectively.
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	Figure 44. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 45. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.


Corresponding distribution of degradation in bitrates is shown in figure 46 and 47.
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	Figure 46. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 47. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.9 Street level Micro interfered by Urban Small Macro with 3/9-reuse, FH
As the frequency reuse in the aggressor network is sparser in this scenario, less IM products will be generated and much of the interference can be traced to spurious emissions and wideband noise. In the figures, the IM relaxation to -70 dBc (green) and to -60 dBc (blue) show almost identical results, which is the reason why the blue line is not visible behind the green. 
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	Figure 48. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.
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	Figure 49. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 50. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.
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	Figure 51. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 52. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


3.10 Street level Micro interfered by Urban Small Macro, FH; 
Less antenna gain
Looking at the simulation results in chapter 3.8 and 3.9 it is noted that all curves have show larger degradation than other scenarios, but independent of the degree of relaxation in IM attenuation. By analyzing the contribution for each relaxed parameter, it can be shown that this is due to the reduced difference between carrier power and spurious emission level for the small macro cell configuration (60 dB compared to 75 dB for macro cells). To avoid this situation the BTS power in small macro cells with 1/3 reuse and FH was increased by 7 dB and the antenna gain decreased accordingly. This should be more in line with actual deployment as well. 
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	Figure 53. C/I CDF comparing MCPA IM requirements -50, -60, -70 and ‑80 dBc.
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	Figure 54. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 55. Increased risk for dropped call (C/I lowered below drop threshold) due to relaxed IM requirement.
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	Figure 56. EGRPS bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.
	Figure 57. EGRPS2-A bitrate degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc.


The impact is from spurious emission is significantly reduced. However, spurious emission still exceeds the wideband noise contribution by order of magnitude. This phenomena should be considered during deployment.
4 Conclusions

Simulations have been performed for different scenarios, where pairs of equal or different types of network have been studied. The impact on performance from different degree of relaxation of IM requirements in the disturbing system has been evaluated. The results indicate that the impact from relaxations is small as long as the relaxation of IM is limited to -60 dBc attenuation. 
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