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Impact on system performance from IM relaxation for MCPA application
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 performance.

Simulations to evaluate the impact on system performance for different scenarios have been performed and presented by Ericsson at GERAN #36 [1]. However, in the document [1] only the impacts from BTS IM and MS noise factor have been considered in the model. In this contribution the impact of IM generated in the MS receiver are considered in addition. The simulations are extended to several levels of relaxation of the BTS IM. Especially levels of IM that are in line with what is specified in UTRAN are considered as co-existence in the same frequency band may be required during the operational time of the MCPA. 
2 Simulation Results
2.1 Macro interfered by Macro

Two macro cell systems with a cell radius of about 900 m are operating in the same area. The two networks site coordinates are shifted to get a near far situation, i.e. the BTSs of the interfering network are located at 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 BS.

[image: image1.emf]
Figure 1 Example of uncoordinated scenario where BTSs of disturbing network are indicated with red *

The IM generated in the mobile is simulated with two mobile types. One with IM performance 10 dB better than what is required in the specifications and one that is 20 dB better. These performances should include the vast majority of EGPRS(2)-capable mobiles as well as multi-mode terminals. When calculating the IM generated in the MS only the carriers from the disturbing network is considered. This gives lower IM in mobile but in the near far situation it is mainly the IM generated by the disturbing network that has any significant impact.

The IM in the BTS is generated for the possible frequency components based on the frequencies of the 9 carriers used in the MCPA. The power for those IM frequencies is set to the BTS – IM suppression requirement. This means that the IM in MCPA is a worst case and the IM in the MS is not. This means that the degradation from relaxing BTS IM requirements in the simulation could be regarded as an upper limit of degradation for each simulated network environment.

Below is the some default network data used for the simulation. Unless specifically mentioned as changed in the results below, these parameters have the default values.

	
	Victim Network
	Disturbing Network

	Freq hopping
	On
	Off

	Reuse
	3/9
	1/3

	Frequency Load
	8%
	33%

	BTS power
	39 dBm
	39 dBm

	Power regulation 
	Off
	Off

	Cell Radius
	900
	900

	Network offset
	-
	CellR + CellR*i

	TRXs per cell
	3
	9

	Carriers per MCPA.
	-
	9

	Minimum MS-BTS distance
	30 m
	30 m

	MS noise factor
	6 dB
	-


Table 1. Default network data for the simulations

2.1.1 Cell Radius 900 m and uncoordinated networks

The graph below shows the impact on down-link C/I distribution in the victim network on random mobile positions. The statistic includes about 16,000 random positions in victim network. The graphs in Figure 2 show the C/I distribution in the MS for different BTS IM requirements. The C/I distribution is also shown for an ideal MCPA without any IM products and C/I without adding the IM products generated in the MS or BTS (Original).
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Figure 2. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 20 dB better than specification.

It is hard to see the impact on the full C/I graph. In Figure 3 the zoomed graph is shown at C/I at around 10 dB. There it can be seen that the difference is very small comparing the impact from relaxing IM requirements to from -80 dBc to -60 dBc. If relaxing IM suppression to -50 dBc there is an noticeable impact.
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Figure 3. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 20 dB better than specification.

The IM in the MS strongly overrides the interference contributions from the BTSs and makes the impact of relaxations of IM requirements to be not significant in this case. Considering MS with better receiver performance would give higher impact on IM requirements to relaxation.

Next graph shows the C/I curve with a cell radius of 900 meters and mobiles that are 10 dB better than the specifications.
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Figure 4. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 10 dB better than specification.
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Figure 5. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 10 dB better than specification.

The graphs in figures 6 and 7 show the distribution of C/I degradation for all the measured mobile positions. As can be seen in both these CDFs, there is small impact when relaxing from -80 to -70 or -60 dBc but significant for -50 dBc. The impact is higher in the network with mobiles with better receiver performance as expected.
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Figure 6. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 20 dB better than specification.
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Figure 7. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m, MS performance 10 dB better than specification.

2.1.2 Cell Radius 600 m and uncoordinated networks

To evaluate the effect of reduction of cell size with the same BTS power, simulations with cell radius 600 m were performed. The corresponding CDFs for C/I are shown in figure 8 and 10 for mobiles performing 20 dB and 10 dB better than minimum required by GSM specification respectively. These are expanded for low C/I values in figures 9 and 11.
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Figure 8. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 600m, MS performance 20 dB better than specification.
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Figure 9. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 600m, MS performance 20 dB better than specification.
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Figure 10. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 600m, MS performance 10 dB better than specification.
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Figure 11. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 600m, MS performance 10 dB better than specification.

Although the impact from BTS IM is slightly higher at C/I=10 dB in this case, the impact of BTS IM is still very small due to the dominating impact of MS IM.

The next two graphs show the distribution of C/I degradation for the measured mobile positions. 
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Figure 12. C/I degradation CDF comparing relaxed IM requirement to -50,-60 and -70 dBc. Cell radius = 600m, MS performance 20 dB better than specification.
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Figure 13. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 600m, MS performance 10 dB better than specification.
The distribution of C/I degradation is very close to the large cell case.
2.1.3 Cell Radius 900 m and Co-sited Networks

The next graph shows the effect when having co-sited networks. In these graphs it can be seen that the BTS IM has an impact only for the positions with high C/I. 
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Figure 14. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius= 900m with co-sited networks and MS 20 dB better than specification.
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Figure 15. C/I CDF comparing relaxed IM requirement to -50,-60 and -70 dBc. Cell radius= 900m with co-sited networks and MS 20 dB better than specification.
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Figure 16. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Cell radius = 900m with co-sited networks, MS performance 20 dB better than specification
2.1.4 Impact on risk of dropped call

The risk for dropped calls is estimated to be serious when a call will experience C/I below 10 dB. The relative impact from different degrees of relaxation may then be seen percentage of calls with C/I< 10 dB in the following table.
: 
	Type
	C/I < 10 dB at -50 dBc
	C/I < 10 dB at -60 dBc
	C/I < 10 dB at -70 dBc
	C/I < 10 dB at -80 dBc

	Macro-Macro 
Cell radius 900m 
MS 20 dB better
	0.96%
	0.78%
	0.75%
	0.74%

	Macro-Macro 
Cell radius 900m 
MS 10 dB better
	1.07%
	0.86%
	0.84%
	0.84%

	Macro-Macro 
Cell radius 600m MS 20 dB better
	1.29%
	1.14%
	1.12%
	1.12%

	Macro-Macro 
Cell radius 600m MS 10 dB better
	1.39%
	1.28%
	1.27%
	1.27%

	Macro-Macro 
Cell radius 900m MS 20 dB better, Co-site
	0.52%
	0.52%
	0.52%
	0.52%


Table 2. Percentage of calls experiencing less than 10 dB C/I

2.2 Small-cell macro interfered by macro

In this scenario is a small-cell macro network (cell radius 150 m) the victim network operating in the same urban area as a macro network with larger cells (cell radius 600 m). The networks use adjacent frequency bands. A cell structure map of the networks is shown in figure 17
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Figure 17 Cell structure for small-cell macro ( * sites) interfered by large cell macro ( * sites)

The antennas of the small-cell base stations are located close to the average roof height in the area, directed for good coverage and C/I. The output power of the base stations is 30 dBm. Frequency reuse is 3/9. The other parameters are as defined in table 1.
The large cell macro network uses the parameters for the disturbing network in table 1 but with cell radius 600 m.

For both networks the Walfish–Ikegami In-street model is used, but with slightly different attenuation constant to incorporate the additional attenuation due to shadowing from buildings in the small-cell network.
The graph below shows the impact on down-link C/I distribution in the victim network on random mobile positions. The statistic includes about 16,000 random positions in victim network. As in previous figures, the graphs in Figure 2 and 19 show the C/I distribution in the MS for different BTS IM requirements as well as C/I with no IM products in neither MS nor disturbing BTS (Original).
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Figure 18. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 150m, MS performance 20 dB better than specification.

And zooming in at 10 dB C/I and 20 dB C/I
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	Figure 19. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 120m, MS performance 20 dB better than specification.


Corresponding graphs when the MS’s IM performance is 10 dB better than specification
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Figure 20. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 150m, MS performance 10 dB better than specification.
And zooming in at 10 dB and 20 dB C/I
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	Figure 21. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 150m, MS performance 10 dB better than specification.


The distribution of actual C/I degradation for each position in the network for the two cases are shown below:
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	Figure 22. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 150m, MS performance 20 dB better than specification.
	Figure 23. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Small-Cell radius = 150m, MS performance 10 dB better than specification.


The impact is slightly higher in the network with mobiles with better receiver performance but still very small for relaxation up to -60 dBc.
2.3 Macro to micro scenario

In this scenario is a micro-cell network (cell radius 120 m) the victim network operating in the same urban area as a macro network with larger cells (cell radius 600 m). The networks use adjacent frequency bands. A cell structure map of the networks is shown in figure 24
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Figure 24 Cell structure for micro-cell network ( * sites) interfered by large cell macro ( * sites)

The antennas of the small-cell base stations are omni antennas and located 5m above street level and far below the average roof height in the area. The output power of the base stations is adjusted for best coverage and providing good C/I to 24 dBm. Frequency reuse is 6/6. The other parameters are as defined in table 1.

The large cell macro network uses the parameters for the disturbing network in table 1 but with cell radius 600 m.

The micro-cell propagation is modelled according to COST 231 for micro-cells and the macro-cell propagation is described by the Walfish–Ikegami In-street model.
The graph below shows the impact on down-link C/I distribution in the victim network on random mobile positions. The statistic includes about 16,000 random positions in victim network. As in previous figures, the graphs in Figure 25 and 26 show the C/I distribution in the MS for different BTS IM requirements as well as C/I with no IM products in neither MS nor disturbing BTS (Original).
[image: image27.emf]-10 0 10 20 30 40 50 60 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C/I [dB]

CDF

 

 

Original

MS IM added

-50 dBc

-60 dBc

-70 dBc

-80 dBc


Figure 25. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks. MS performance 20 dB better than specification.

And zooming in at 10 dB C/I and 20 dB C/I
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	Figure 26. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks, MS performance 20 dB better than specification


Corresponding graphs when the MS’s IM performance is 10 dB better than specification
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Figure 27. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks, MS performance 10 dB better than specification. 
And zooming in at 10 dB and 20 dB C/I
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	Figure 28. C/I CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks, MS performance 10 dB better than specification


.
The distribution of actual C/I degradation for each position in the network for the two cases are shown below:
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	Figure 29. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc. Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks, MS performance 20 dB better than specification.
	Figure 30. C/I degradation CDF comparing relaxed IM requirement to -50, -60 and -70 dBc Micro-cell radius = 120m, Macro-cell radius 600m, uncoordinated networks, MS performance 10 dB better than specification.


The impact is slightly higher in the network with mobiles with better receiver performance but still very small for relaxation up to -60 dBc.
3 Packet Data Impact

The impact on EGPRS and EGPRS2-A has been obtained by mapping C/I to bitrate. 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 31: 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. The distributions of bitrates for different IM requirements for EGPRS and EGPRS2-A respectively are shown below.

3.1 Macro to macro scenario

In figures 32-35 the distributions of bit-rate in the macro-macro, uncoordinated case are found.
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Figure 32. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 20 dB better than specifications
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Figure 33. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 20 dB better than specifications
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Figure 34. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 10 dB better than specifications
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Figure 35. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 10 dB better than specifications

To explore the differences the throughput degradation for each measured position has been calculated by using this mapping for EGPRS and EGPRS2-A. The degradation is presented as a CDF of degraded throughput for all the measured positions.
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Figure 36. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates are small for IM relaxation to -70 and -60 dBc. However in the case of relaxing to -50 dBc there is degradation in throughput for 4% of the positions in the network. 
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Figure 37. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates is small for IM relaxations to -70 and -60 dBc for EGPRS2-A. Relaxation to -50 dBc is giving throughput degradation for more than 6% of the users. 

Assuming mobiles with worse receiver performance we get smaller bitrate degradation, see figures 38 and 39.
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Figure 38. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 10 dB better than specifications.

[image: image43.emf]0 5 10 15

0.94

0.95

0.96

0.97

0.98

0.99

1

Degradation in bitrate EGPRS2-A [kbit/s]

CDF

 

 

-80 => -50 dBc

-80 => -60 dBc

-80 => -70 dBc


Figure 39. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Macro interfered by macro with 900m cell radius. Uncoordinated networks. MS 10 dB better than specifications.

In both EGPRS and EGPRS2-A we can see that the impact from relaxed IM attenuation is smaller when the MSs have higher IM in the receivers. Still it can be seen that a relaxation to -50 dBc may give significant impact on throughput.
In the co-sited case is the impact even lower. According to figure 15, C/I is degraded only for high C/I (> 35 dB). The degradation is small, see figure 16, even for relaxation to -60 dBc. The impact on throughput will be lower than in the uncoordinated scenario as the throughput varies slowly with C/I at high values of C/I.
3.2 Macro to small-cell macro scenario
In figures 40-43 the distributions of bit-rate in the small-cell macro interfered by macro, uncoordinated case are found.
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Figure 40. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. MS 20 dB better than specifications
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Figure 41. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications
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Figure 42. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. MS 10 dB better than specifications
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Figure 43. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. MS 10 dB better than specifications

To explore the differences the throughput degradation for each measured position has been calculated by using this mapping for EGPRS and EGPRS2-A. The degradation is presented as a CDF of degraded throughput for all the measured positions.
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Figure 44. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates for EGPRS are very small for IM relaxation to -70 and -60 dBc, but even in the case of relaxing to -50 dBc the degradation in throughput occurs for only 1% of the positions in the network. 
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Figure 45. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates is larger for EGPRS2-A but still very small for IM relaxations to -70 and -60 dBc for EGPRS2-A. Relaxation to -50 dBc is giving throughput degradation for up to 2% of the users. 

Assuming mobiles with worse receiver performance we get smaller bitrate degradation, see figures 46 and 47.
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Figure 46. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. Uncoordinated networks. MS 10 dB better than specifications.
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Figure 47. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Small-cell macro with cell-radius 150m interfered by macro with 600m cell radius. MS 10 dB better than specifications.

In both EGPRS and EGPRS2-A we can see that the impact from relaxed IM attenuation is smaller when the MSs have higher IM in the receivers. The difference is quire small anyway.

3.3 Macro to micro scenario

In figures 48-51 the distributions of bit-rate in the micro interfered by macro, uncoordinated case are found.
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Figure 48. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. MS 20 dB better than specifications
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Figure 49. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications
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Figure 50. CDF of the bitrate for EGPRS if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. MS 10 dB better than specifications
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Figure 51. CDF of the bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. MS 10 dB better than specifications

To explore the differences the throughput degradation for each measured position has been calculated by using this mapping for EGPRS and EGPRS2-A. The degradation is presented as a CDF of degraded throughput for all the measured positions.

[image: image56.emf]0 5 10 15

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

Degradation in bitrate EGPRS [kbit/s]

CDF

 

 

-80 -> -50 dBc

-80 -> -60 dBc

-80 -> -70 dBc


Figure 52. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates for EGPRS are very small for IM relaxation to -70 and -60 dBc, but even in the case of relaxing to -50 dBc the degradation in throughput occurs for less than 2% of the positions in the network. 
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Figure 53. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. Uncoordinated networks. MS 20 dB better than specifications.

It can be seen that the reduction in data rates is larger for EGPRS2-A but still very small for IM relaxations to -70 and -60 dBc for EGPRS2-A. Relaxation to -50 dBc is giving throughput degradation for up to 8% of the users. 

Assuming mobiles with worse receiver performance we get a smaller bitrate degradation, see figures 54 and 55.
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Figure 54. CDF of the degradation in bitrate for EGPRS if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. Uncoordinated networks. MS 10 dB better than specifications.
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Figure 55. CDF of the degradation in bitrate for EGPRS2-A if relaxing the requirement on BSS IM. Micro cells with cell-radius 120m interfered by macro with 600m cell radius. MS 10 dB better than specifications.

In both EGPRS and EGPRS2-A we can see that the impact from relaxed IM attenuation is smaller when the MSs have higher IM in the receivers. The difference is quire small anyway.

4 Conclusions
The simulations in this document show that there is an inconsistency between the present IM requirements for BTS and requirements for the mobiles. Taking the generation of IM in the mobile receiver into account the Intra-BSS IM could be relaxed to -60 dBc without significant impact on system performance. This applies even if the mobiles outperform the IM specification with up to 20 dB.  
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