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1. Introduction

This contribution presents the results generated by the Monte Carlo simulator that is developed to analyse the effect of mutual interference between the UMTS1800 and GSM systems operating in adjacent frequency bands. In this document, we focus on the impact of GSM base station interference on the downlink capacity of the UMTS FDD 8 kbps speech system in the macrocellular environment. 

2. Simulation models and assumptions

The methodology and assumptions specified in /1/, /2/ and /3/ are used in the simulation study. The simulated cell layout is a cell cluster that consists of 36 WCDMA and 36 GSM base stations with omni antennas. The cell radii for both WCDMA and GSM cells are 577 meters. The frequency reuse factor employed by the GSM is 9. Here, we consider the worst case (i.e., intersite shifting by one cell radius) in which the GSM base stations are located at the edge of the UMTS cell coverage. 

In obtaining the simulation results, interference from the WCDMA system to the GSM system is not taken into account. It is assumed that only one carrier is active per GSM base station. For each GSM carrier, the BCCH signal is transmitted at a fixed power level of 40 dBm. 

3. Simulation results

First, we perform simulations for the baseline case in which the WCDMA system operates alone without GSM interference. The downlink simulation results indicate that without GSM interference, about 66 users/cell can be supported while maintaining 5 % outage probability. This baseline capacity is between the capacity of 60 users derived in /4/ and between the capacity of 79 users derived in /5/.

Figure 1 shows the WCDMA capacity loss versus Adjacent Channel Interference Power Ratio (ACIR) for the WCDMA victim scenario where the GSM base stations are interfering with the WCDMA mobiles. It is observed that the 35 dB ACIR is the return diminishing point. Further increase in the ACIR does not improve the capacity loss significantly. Once the acceptable WCDMA capacity loss is elected, the ACIR required to prevent WCDMA mobiles from being affected by GSM base stations can be obtained.
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Figure 1: WCDMA capacity loss versus ACIR for the WCDMA victim scenario

In the following, we provide insight into the assumptions and scenario specified by the 3GPP TR 25.942 and considered in the simulator. From the uplink perspective, we can derive the maximum allowable propagation loss by using the link budget. Table 1 shows an uplink budget example that is developed based on the parameters given by the 3GPP TR 25.942. Considering the log-normal fade margin and handoff gain in the link budget, we find that the bottom line - maximum allowable path loss is 142.5 dB. As a matter of fact, the propagation loss (predicted by the macrocell propagation model suggested by the 3GPP TR 25.942) associated with the cell radius of 577 meters is only 119.1 dB. Therefore, it is expected that when the WCDMA mobile is located at the edge of the serving cell (with a cell radius of 577 meters), the WCDMA base station received signal has 23.4 dB margin (or headroom) to overcome external interference from other provider's GSM base stations in addition to internal interference from the serving and other WCDMA base stations to achieve the Signal-to-Interference Ratio (SIR or Eb/(Io+No)) target.

Table 1.  Uplink Budget for the UMTS1800 with 8 kbps Voice Applications and Outdoor Coverage

Item
Units
Values
Comments

(a) Maximum Transmitted power per traffic channel
dBm
21
per 3GPP TR 25.942

(b) Transmit Cable, connector, combiner, and body losses
dB
0
per 3GPP TR 25.942

(c) Transmitter Antenna Gain
dBi
0
per 3GPP TR 25.942

(d) Transmitter EIRP per traffic channel (a-b+c)
dBm
21


(e) Receiver Antenna Gain
dBi
11
per 3GPP TR 25.942

(f) Receiver Cable and Connector Losses
dB
0
included in Item (e) antenna gain

(g) Receiver Noise Figure
dB
5
per 3GPP TR 25.942

(h) Receiver Noise Density
dBm/Hz
-174


(i) Receiver Interference Margin (Noise Floor Rise Caused by Other User Interference)
dB
7.0
80% loading, per 3GPP TR 25.942

(j) Total Effective Noise plus Interference Density (=g+h+i)
dBm/Hz
-162.0


(k) Information Rate (10log(Rb)) 
dB
39.0
per 3GPP TR 25.942

(l) Required SIR or Eb/(Io+No)
dB
6.1
per 3GPP TR 25.942

(m) Receiver sensitivity (=j+k+l)
dBm
-116.9


(n) Hand-off Gain
dB
5


(o) Explicit Diversity Gain (included in (l) Required Eb/No)
dB
0
diversity gain has been included 

in required Eb/No

(p) Log-normal Fade Margin
dB
11.4
a theoretical value for a noise-limited environment associated with 95% cell coverage and 10 dB log-normal standard deviation 

(p') Building/Vehicle Penetration Loss
dB
0.0


(q) Maximum Path loss {d-m+e+o+n-p-p'}
dB
142.5


Cell Radius Considering the ITU Vehicular Model
Km
2.4
assuming 15 meters of antenna height above the average rooftop

From the downlink perspective, when a base station traffic channel transmits the maximum power (30 dBm) and 95% reliability for log-normal fade is taken into account, the signal strength (RX_PWRWCDMAM) received by a WCDMA mobile at the cell edge can be calculated by  
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If we assume that the mobile noise floor rise caused by other user interference is 6 dB, the effective noise floor equals -90 dBm/3.84 MHz (=-96 dBm/3.84 MHz + 6 dB). In order to maintain the SIR target at the WCDMA mobile receiver, the required signal strength should be at least -108.9 dBm (= Effective_Noise_Floor + SIR_Target - Processing_Gain = -90 dBm + 7.9 dB - 26.8 dB). The analysis indicates that when the WCDMA mobile is located at the cell edge (i.e., the distance between the mobile and the serving base station is 577 meters), the WCDMA mobile received signal has 24.4 dB headroom to overcome external interference from GSM base stations to achieve the SIR target.

The 577 meters cell radius assumption defined by the 3GPP TR 25.942 might be reasonable for a capacity-driven environment (such as urban and dense urban areas) in which the cell count is determined by the capacity. However, it could be optimistic for a coverage-driven environment (such as suburban and rural areas) in which the cell count is determined by the coverage and the cell coverage is most likely designed to the maximum allowable propagation loss dictated by the link budget. In the coverage-driven case, the WCDMA mobile and base station received signal strength does not have additional headroom to overcome excessive interference from the GSM network and the impact on the WCDMA capacity will be more serious than the impact in the capacity-driven case. It follows that given an acceptable WCDMA capacity loss, the required ACIR for the coverage-driven case will be greater than that for the capacity-driven case.

As discussed during the UMTS1800 ad hoc meeting in Boston /3/, the cell radius of 577 meters was considered as the baseline case and larger cell radius could be simulated. Here, it is recommended that when determining the UMTS 1800 base station/mobile technical specifications, the simulation results for both capacity-driven and coverage-driven environments be taken into account.

4. Conclusions

In this contribution, simulation results for the scenario in which the GSM base stations interfere with the WCDMA User Equipment (UE) are presented.  

Further simulations will be performed to investigate the impact for a cell radius greater than 577 meters and for the 3-sector antenna configuration. Also, simulations will be run to assess the effect of WCDMA base station interference on the GSM downlink and the effects of mutual interference on the uplink. 
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