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Analysis of the impact caused by BTS IM products using system simulations
Introduction

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”. It was shown that in case of an MS which is located near to a BTS belonging to another operator and transmitting two GSM carriers at full power, due to its own non-linearities the receiver of the MS would generate much higher intermodulation products as it would receive from the BTS. Therefore, the proposal was “to keep the requirements on the wideband noise unchanged, but relax the IM requirements to a peak hold value of - 60 dBc for frequency offsets ( 1.2 MHz. Below 1.2 MHz the requirements for IM shall still be the same as for the spectrum due to modulation and wideband noise”. At the GERAN# 31 meeting, several questions came up concerning possible system impacts of the proposed IM relaxations in case of various MS-BTS distances and in case of MSs that are more linear than required according to TS 45.005. Therefore, in [2] a more detailed investigation of this topic was presented showing that the proposed IM relaxation would lead to a system impact in an area of a cell that is very small compared to the total area of the cell and therefore can be neglected. During the GERAN# 32 meeting, Ericsson submitted the discussion paper [3] in which the former work of Ericsson on this topic was mentioned. However, it was also requested to perform further system simulations with actual IM generation to assess the exact system impact of relaxing the BTS IM requirements. In the following, the impact of intermodulations and their proposed relaxation on the SNIR and the throughput of a network is shown in different scenarios.

Scenario 1: Macro cell containing a BTS of another operator

Description of the simulation settings

· Network

· reuse factor: 4/12

· radius of the cells: 4000 m 

· number of co-channel interferers taken into account: 6

· BTSs of the network

· placed in the left corners of the hexagons

· output power: 40 dBm

· antenna type: sectorized

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 0°

· MSs of the network

· velocity: 3 km/h

· antenna maximum gain: 0 dBi

· receiver noise figure: 6 dB

· thermal noise: -121 dBm + 6 dB = - 115 dBm

· linearity (IP3) better than according to specification : 10 dB

· Interfering BTS

· placed in the right lower region of the central cell (visible in Figure 6)

· output power: switched off / 40 dBm (depending on the case)

· antenna type: sectorized

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 180° (i.e. the opposite direction compared to the antenna of the network BTS)

· Channel

· path loss model: Hata model for f = 900 MHz (A + B log (distance/km))

· A = 120.9 dB

· B = 37.6 dB

· minimum distance between MS and BTS: 30.0 m

· slow fading enabled

In this simulation, a macro cell scenario was investigated. The interfering BTS was located at a point in the right lower part of the cell. At this place, the SNIR of the wanted signal is lowest due to the distance to the received BTS (in the left corner of the cell) and the antenna pattern. It was assumed that in this region, the interfering BTS will have the highest impact on the system performance. To simplify the calculations, no power control and frequency hopping was taken into account thus resulting in a worst case situation. Note that the probability of an IM interferer can be much lower depending on the allocated frequencies of the operators in case of frequency hopping. In the calculations, it was assumed that the IM products from both the interfering BTS and the MS fall on the wanted signal from the network BTS. This setting was done according to the argumentation presented in [1] and in [2]. The IP3 of the MS receiver was set to a value 10 dB higher than it would have to be according to the intermodulation specification of the MS receiver in TS 45.005.

For the first simulations, the interfering BTS was switched off in order to get reference values. In the next step, the BTS was switched on and the impact of the IM products on the SNIR and the throughput in the cell was calculated for the case that the IM products fulfil the current intermodulation attenuation specification (IMs 79 dB below the carrier level when measured in the same bandwidth of 30 kHz, as shown in [1]). In a further step, the calculations were done in case of a relaxation of the intermodulation attenuation specification by 10 dB (i.e. IMs 69 dB below the carrier level when measured in the same bandwidth of 30 kHz).

Comparison of the SNIR values

In Figure 1, the cumulative distribution functions (CDF) of the three cases (without IM products from the interfering BTS, with IM products according to current specification and with IM products according to 10 dB relaxation of the specification) are shown. In this representation, the curves cannot be distinguished. Therefore, Figure 2 shows as an example a zoom of the graphs around SNIR values of 5 dB. As can be seen from the three curves, the degradation due to relaxed IM requirements and compared to the situation without any IMs is in the range of 0.1 %. Note that the larger part of the total degradation is due to switching on the interfering BTS even according to current IM requirements, and that the proposed IM relaxation only adds a very marginal degradation.
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Figure 1: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the macro cell scenario.
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Figure 2: Zoom of Figure 1, example around SNIR values of 5 dB.

Comparison of the throughput values

In order to derive the impact of the proposed IM relaxation on the throughput, the obtained CDF vs. SNIR functions were combined with a relation between the SNIR values and the achievable maximum throughput. This relation was obtained by calculating the mean of the throughput vs. SIR and the throughput vs. SNR curves in the EGPRS case. That means, that the impact of the noise and the IMs was in this case weighted equally. This method seemed to lead to an adequate accuracy of the statements. In case of a different weighting between the noise and the IMs, the resulting throughput value would be somewhere between the curves of the throughput vs. SIR and the throughput vs. SNR. As can be seen from Figure 3, the deviation between the actual throughput value from the mean throughput value would in most cases be negligible.

[image: image3.wmf]-10

0

10

20

30

40

50

0

10

20

30

40

50

60

Maximum Throughput vs. SNIR

SNIR (dB)

Maximum Throughput (kbps)

 

 

SIR

SNR

(SIR+SNR)/2


Figure 3: Maximum throughput vs. SIR, SNR as well as the mean of SIR and SNR in the case of EGPRS.

The cumulative distribution functions (CDF) of the maximum throughput in the three cases is shown in Figure 4. Since the curves cannot be distinguished in this representation, Figure 5 shows as an example a zoom of the graphs around throughput values of 10 dB.

As can be seen from the three curves, the degradation due to relaxed IM requirements and compared to the situation without any IMs is less than 0.2 %. Note that the larger part of the total degradation takes place when the IM source is switched on according to the current requirement. The additional degradation caused by the proposed IM relaxation of 10 dB is less than 0.1 %.

[image: image4.wmf]0

10

20

30

40

50

60

0

10

20

30

40

50

60

70

80

90

100

CDF vs. Maximum Throughput

Maximum Throughput (kbps)

CDF (%)

 

 

Without IMs

With IMs, unrelaxed

With IMs, relaxed


Figure 4: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the macro cell scenario.
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Figure 5: Zoom of Figure 4, example around throughput values of 10 kbps.

SNIR differences in the cell

In order to show the amount of SNIR degradation graphically, the SNIR difference was calculated between the case without any IM and the case with IMs according to the current specification (see Figure 6). The red pixels outside the hexagon occurred only due to the representation within a rectangle and are of no interest because the simulation was restricted to the area of the hexagon. The blue pixels within the hexagon show SNIR difference 
[image: image6.wmf]»

 0. In the right lower part of the hexagon, the impact of the interfering BTS can be seen. The area that is affected by the IM products is rather small compared to the area of the whole hexagon. In Figure 7, the same type of representation is shown for the SNIR difference between the case without IMs and the case with IMs relaxed by 10 dB. It can be seen that the affected area has almost not increased.
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Figure 6: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the large cell scenario.
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Figure 7: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the macro cell scenario.

Scenario 2: Micro cell containing a BTS of another operator

Description of the simulations

· Network

· reuse factor: 4/12

· radius of the cells: 200 m 

· number of co-channel interferers taken into account: 6

· BTSs of the network

· placed in the left corners of the hexagons

· output power: 30 dBm

· antenna type: sectorized

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 0°, i.e. looking to the “east” side

· MSs of the network

· velocity: 3 km/h

· antenna maximum gain: 0 dBi

· receiver noise figure: 6 dB

· thermal noise: -121 dBm + 6 dB = - 115 dBm

· linearity (IP3) better than according to specification : 10 dB

· Interfering BTS

· placed in the right lower region of the central cell

· output power: switched off / 40 dBm (depending on the case)

· antenna type: sector

· antenna maximum gain: 15 dBi

· half power beam width: 70°

· antenna main direction: 135°

· Channel

· path loss model: Hata model for f = 900 MHz

· A = 120.9 dB

· B = 37.6 dB

· minimum distance between MS and BTS: 30.0 m

· slow fading enabled

In this scenario, in principle the same settings were taken as in scenario 1 except the size of the cell and the output power of the network BTS. The cell radius was reduced to 200 m, the output power of the network BTS was reduced to 30 dBm (1 W). However, the output power of the interfering BTS was kept at 40 dBm. The antenna main direction of the interfering BTS was changed in the way that the IM products will have maximum impact within this cell. The same type of calculations and comparisons was done as mentioned in scenario 1.

Comparison of the SNIR values

The cumulative distribution functions (CDF) in the three cases can be seen in Figure 8. For lower values of the SNIR, a significant impact from the IM products can be seen. However the degradation of about 5 % comes mainly from the fact that there is an interfering BTS at all. An additional relaxation by 10 dB leads to almost no further reduction of the performance.
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Figure 8: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario.
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Figure 9: Zoom of Figure 8, example around SNIR values of 15 dB.

Comparison of the throughput values

For the evaluation of the throughput, the relation between the throughput and the SIR and SNR values (as shown in Figure 3) was used. In principle, the same behaviour as mentioned for the CDFs of the SNIR can be stated: for low values of the throughput, a significant degradation of the performance can be seen if the IM source is switched on (see Figure 10 and Figure 11). But again, this degradation comes from the fact that there is an interferer at all. The impact of the relaxation by 10 dB is again negligible.
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Figure 10: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario.
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Figure 11: Zoom of Figure 10, example around throughput values of 26 kbps.

SNIR differences in the cell

In order to show the impact of the IM products within the cell in a graphical way, the same type of presentation was chosen as in scenario 1. In this case, the area affected by the interfering BTS has increased due to the fact that the interfering BTS radiates a power that is 10 dB higher than that of the network BTS. But the affected area is still small in comparison to the area of the whole cell. Figure 12 shows the SNIR difference between the case without any IM and the case with IMs according to the current specification. In Figure 13, the SNIR difference between the case without any IM and the case with relaxed IMs is shown. Again, there is no visible increase of the affected area if the IM requirement is relaxed by 10 dB.

[image: image13.wmf]-200

-150

-100

-50

0

50

100

150

200

-200

-150

-100

-50

0

50

100

150

200

 

SNIR Difference (Without IM - IM unrelaxed)

X Direction (m)

 

Y Direction (m)

0

10

20

30

40

50


Figure 12: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the small cell scenario.
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Figure 13: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the small cell scenario.

Scenario 3: Small cell containing a BTS of another operator, located at another place

Description of the simulations

The same settings were used as in scenario 2 except the location and the antenna main direction of the interfering BTS: The BTS causing the IM products was placed in front of the network BTS with a distance of 30 m and the antenna main direction was set to be the same as those of the network BTS. In this case, the interfering BTS covers the same area as the network BTS does.

Comparison of the SNIR and of the throughput values

As can be seen from Figure 14 to Figure 17, the IM products of the interfering BTS have now a significant impact in the whole range of the SNIR and the throughput values. But again, the difference comes from the fact that there is an IM source at all. The proposed relaxation of 10 dB has almost no impact of the performance.
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Figure 14: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario 3.
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Figure 15: Zoom of Figure 14, example around SNIR values of 39 dB.
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Figure 16: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario 3.
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Figure 17: Zoom of Figure 16, example around throughput values of 53 kbps.

SNIR differences in the cell

The SNIR differences in the cell are shown in Figure 18 and Figure 19. Again, there is no change in the SNIR performance visible if the IM requirement is relaxed by 10 dB.
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Figure 18: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the small cell scenario 3.
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Figure 19: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the small cell scenario 3.

Scenario 4: Like scenario 3 but with highly linear MS receiver

Description of the simulations

The same settings were used as in scenario 3 but in this case, the IP3 of the MS receiver was set to a rather ideal value of 200 dB above the value that is required according to the intermodulation specification for the MS receiver. The goal of this simulation was to derive the impact of the MS receiver linearity on the SNIR and the throughput values.

Comparison of the SNIR and of the throughput values and SNIR differences in the cell.

The degradation due to the proposed relaxation of the IM requirements by 10 dB can be seen best in the zooms shown in Figure 21 and Figure 23. In this case, the impact due to the relaxation is higher than the impact coming from switching on the interfering BTS. But still, the performance degradation is less than 0.2 %. A slight degradation of the SNIR performance can be seen between Figure 24 and Figure 25.
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Figure 20: CDF vs. SNIR in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario 4.
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Figure 21: Zoom of Figure 20, example around SNIR values of 36 dB.
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Figure 22: CDF vs. maximum throughput in three cases (without IMs, with IMs according to specification and with IMs according to 10 dB relaxation), calculated in the small cell scenario 4.
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Figure 23: Zoom of Figure 22, example around throughput values of 55 kbps.
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Figure 24: SNIR difference between the case without IM and the case with IM according to the current specification, calculated in the small cell scenario 4.
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Figure 25: SNIR difference between the case without IM and the case with IMs relaxed by 10 dB, calculated in the small cell scenario 4.

Effects of frequency hopping

The results described above show the situation in a large cell in three different cases if the intermodulations occurring in the MS receiver are also taken into account. The impact of a relaxation of the BTS intermodulation specification by 10 dB on the SNIR and throughput behaviour can be neglected. It has also to be noted that in these simulations, it was assumed that the IM products are always present at the same frequency as the signal that is received by the MS from its own BTS. Depending on the frequency allocation of the operators, the occurrence of such IM products can be much more unlikely. Note that the IM products caused by multi carrier amplification of GSM signals occur at some discrete frequency points and that they decrease significantly with higher offsets from the carriers. Thus in those cases when an operator uses several channels in the centre of the own frequency band, there won’t be any noticeable IM products at all in other frequency bands. This will reduce the impact of IM relaxation further.

Conclusion

In this document it was shown in several scenarios that a relaxation of the intermodulation attenuation requirement by 10 dB has a negligible system impact. The performance concerning SNIR and throughput would be almost unchanged. Therefore, the proposal described in [1] “to keep the requirements on the wideband noise unchanged, but relax the IM requirements to a peak hold value of - 60 dBc for frequency offsets ( 1.2 MHz” is maintained.
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