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ANNEX B.








(Tdoc SMG2 UMTS-L1  382/ 98)

Downlink Adjacent Channel Interference in UTRA system
1 Introduction
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Previous adjacent channel and guard band studies in the UTRA system has been on the uplink [1],[2], since it is considered to suffer most from adjacent channel interference. This is because a single mobile station close to another operators base station can have severe impact on a large number of mobile stations at the border of that base stations cell.

Similar near-far problems also occur for the downlink, but the impact on the system is smaller since only those mobile stations close to another operators base station are affected.

This report presents simulation results for the downlink. The assumption is a “worst case” scenario, where all base stations are located at the cell border of the interfering system.

2 Models

In this study only downlink is considered, since previous studies has been on the uplink.

2.1 Network model
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Both operators use 36 hexagonal shaped cells where the base stations are placed in the middle of each cell. Since it is most likely that two operators do not co-locate their base stations, one operator’s system is shifted versus the other. One can expect that this shift strongly effect the system capacity degradation. Therefor a somewhat worst case scenario is studied at first. Here the second systems base stations are located at the cell border of the first system.

2.2 Propagation model

[image: image3.wmf]The total link gain between mobile station and base station is calculated as
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The distance dependent path-loss GD is given by
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Where d is distance in meters and  and  are constants. The distance dmin is the shortest distance possible between mobile station and base station.

The terrain is modeled by a log-normal random variable GF. The log-expectation value is 0 and log-standard deviation  dB. Finally GA is the antenna gain of the omni antennas placed at the center of each cell.

Rayleigh fading is not modeled at system level but is included in link level simulations and is therefor implicitly included through C/I threshold values.

2.3 Generation of users

Mobile stations are generated uniformly over the entire service area. Half of them are considered to be subscribers to the first operator and the other half to the second operator. Users can only be connected to one of the operators. A user is active during each simulation step.

2.4 Power control

[image: image6.bmp]The downlink idealized power control loop consists of the following three steps at a base station to mobile station link basis. First a signal to interference and noise ratio error is calculated. The downlink power is then updated with a step-size, dependent of this error. A new signal to interference and noise ratio is calculated where Iown is interference from base stations in the own operator system, and Iother is interference from the other operator’s base stations. The power control loop is then conducted again until the error is sufficiently small.

The interference from own operator system base stations is partly reduced due to orthogonal downlink codes. That is, the impact of interference from connected base stations are reduced with an orthogonality factor . This factor takes values between 0 and 1, where 1 means perfect orthogonality.

Simultaneously with the mobile station link power regulation, power is regulated at a per base station basis. This is because the total base station power can not exceed a certain PBS-max value which is the maximum total output power from a base station. If a base station has to decrease it’s total output power due to this limit all links are reduce equally with the same factor.

Macro diversity

The mobile station is connected to base stations in its active set. The maximum number of base stations in the active set is called the size of the active set. All base stations are ranked according to mobile station to base station gain, and those base stations within a certain handover window from the best base station are then included in the active set.

In the downlink maximum ratio combining is used. This means that when a mobile station is in soft handover (more than one base station in the active set) the signal to interference and noise ratio from both base stations are summed together to achieve the mobile station’s final signal to interference and noise ratio.

Further, equal power is used from both base stations to mobile stations in soft handover.

2.5 Adjacent channel protection (ACP)

The imperfect power amplifier in the base station will produce interference outside the intended spectra. Further will the mobile station receiver introduce interference from adjacent channels due to imperfect filtering. This is modeled by letting a fraction of the interference from adjacent channels interfere your signal. The ability to suppress this interference is called adjacent channel protection, ACP.
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2.6 Performance measures

After power control is conducted, outage occurs when the resulting signal to interference falls 0.5 [dB] below the target.

Capacity is the maximum number of mobile stations per base station in both operators systems when outage is 5%.

3 Simulation

The simulations are Monte-Carlo simulations, and each simulation step consists of mobile station placement, power control and logging of data. This is repeated until at least 10000 mobile stations are simulated. Finally outage is calculated.

3.1 Simulation parameters

Most parameters are identical to those in ETSI simulations of Vehicular A, 120km/h.

Table 1. System  parameters

Bitrate [kbps]
8

Chiprate [Mcps]
4.096

Downlink Eb/N0  [dB] 
9.6

Soft handover window [dB]
3 dB

Active set max size
2

Table 2. Radio parameters

Max BS output power PBS-max [W]
20 

Maximum DL power per MS link [dBm]
30

Constant broadcasted signalling power [dBm]
30

Downlink orthogonality factor 
0.6

BS output power dynamic range [dB]
20 dB

Downlink noise power
-102 dBm

Table 3. Simulation environment

Distance attenuation constant 
3.76

Constant 
15.3

Minimum distance dmin [m]
10

Log standard deviation  [dB]
10

Antenna gain GA [dB]
10.3

4  Results

When there is a second operator interfering with your system it is not only interesting how much the overall capacity decreases. Since the adjacent channel interference tend to be severe close to the other operators base stations the outage probability with respect to this distance has also been studied.

4.1 System capacity
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The system has been simulated at cell radii of 1000, 2000 and 4000 m and for different ACP. The capacity for different ACP is shown below.

Almost no capacity loss is experienced when ACP is above 40 dB. In Table 4 the capacity loss compared to a single operator is shown.

Table 4. Percentage of single operator capacity in system.

ACP
Cell radius [m]
1000
2000
4000

50 dB
100
100
100

45 dB
100
100
99%

40 dB
100
98%
99%

35 dB
100
98%
98%

30 dB
97%
96%
95%

25 dB
95%
91%
93%

20 dB
85%
86%
86%

At an ACP of 30 dB the capacity loss is 5% or below up to a cell radius of 4000 m. Since this is a worst case simulation, the capacity loss is rather small. Also, compared to uplink capacity loss due to ACI, this could be considered as small.

4.2 Outage positions

For a mobile station the distance to the other operators base station has strong impact on the outage probability. This can be seen in Figure 5 where the relative outage probability at certain distances from the other operator’s base stations are shown.
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It can be seen that close to the other operator’s base station the outage is very high. However, this area is small and the number of mobile stations in this area is also small. Approximately 0.5% of the mobile station locations has an outage above 20%. It also indicates that improved coverage from the own system at these positions (around other operator’s base stations) is helpful in improving system performance, since it will avoid the worst case scenario descbribed here.

[image: image11.wmf]As a comparison, we show that for a single operator system the relative outage probability is almost the same throughout the cell, especially for smaller cell sizes. However, a tendency of higher outage for mobile stations far from their closest base station, i.e. at the cell border, can be seen. This is shown in Figure 6.

5 Conclusions

Results presented in this report indicate that an ACP of 30 dB is sufficient for the downlink. An ACP of 30 dB in a two operator system decreases system capacity less than 5% in a worst case scenario, compared to a single operator system. The downlink is as expected much less critical than the uplink.

Further, it is shown that close to the other operators base stations a mobile station experience an outage of more than 20%. However, these regions of high outage correspond only to approximately 0.5% of the total cell area. Improved coverage of the own system at the location of the other operator’s base stations will give even lower capacity losses.
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Figure 1. Difference in interference situation between uplink and downlink in a multiple operator system.





Figure 2. Cell deployment. Base stations are marked with stars and circles depending on system.
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Figure 3. Definition of ACP
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Figure 4. Maximum number of users in each cell at 5% outage for different ACP. (ACP=80 dB is actually a single operator.)





Figure 6. Relative outage probability at different distances from own closest base station. Outage=5%, r=1000m.





Figure 5. Relative outage probability at different distances from other operators base station. ACP=40 dB, outage=5%, r=1000m.
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