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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 and the macrocellular environment. In this document, we assess the impact of GSM base station interference on the UMTS FDD (8 kbps speech system) downlink capacity and the impact of UMTS FDD base station interference on the GSM downlink Signal to Interference plus Noise power Ratio (SINR). 

2. Simulation models and results

The methodology and assumptions specified in TR 25.942 2.3.0 /1/, Tdoc R4-15(01)0076 /2/ and /3/ are used in the simulation study and summarised in Appendix. The simulated cell layout is a cell cluster that consists of 36 WCDMA and 36 GSM base stations with 3-sector antennas. The cell radii for both WCDMA and GSM cells are 2.9 Km. The inter-site distance is 4.4 Km for WCDMA cells (the same for GSM cells). The frequency reuse factor employed by the GSM is 4/12. Here, we consider the worst case (i.e., intersite shifting by one cell radius shown in Figure 1) in which the GSM base stations are located at the edge of the UMTS cell coverage. 
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Figure 1: WCDMA and GSM cell layout (unit = meter)

2.1  WCDMA victim scenario

In obtaining the simulation results for the WCDMA victim scenario, interference from the WCDMA system to the GSM system is not considered. 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. 

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 149 users per 3-sector cell (or 49.7 users per sector) can be supported while maintaining 5 % outage probability. 

Figure 2 shows the WCDMA downlink 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 with 20 dB ACIR, the WCDMA capacity loss is about 9.2%; if the ACIR increases to 40 dB, the WCDMA capacity loss becomes 1.2%. The capacity loss for the 3-sector case is slightly greater than that for the omni case presented in /4/ Tdoc R4-16(01)0394.
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Figure 2: WCDMA downlink capacity loss versus ACIR with GSM interference

2.2  GSM victim scenario

When running the simulations for the GSM victim scenario, interference from the GSM system to the WCDMA system is not taken into account. The WCDMA system is operated with a loading achieving 5% blocking and the GSM system is fully loaded with a power control margin of 5 dB. 

Figure 3 shows the Cumulative Distribution Function (CDF) of GSM downlink SINR with and without the WCDMA base station interference. In deriving the CDF, the WCDMA base station ACIR in the Appendix is taken into account, and the closest GSM carrier is 2.7 MHz away from the WCDMA carrier. It is defined that the downlink blocking occurs when the achieved GSM SINR is 0.5 dB less than the target SINR, 9 dB. Figure 3 indicated that the outage probability for the GSM-only system is 2.4% 0.3% while in the presence of WCDMA interference, the outage probability increases to 3.3% 0.6%. 
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Figure 3: Cumulative Distribution Function of GSM downlink SINR for the GSM victim scenario

3. Conclusions

In this contribution, we present the simulation results for the impact of inter-system interference on the downlink of two scenarios: the WCDMA victim scenario in which the GSM base stations interfere with the WCDMA User Equipment (UE) and the GSM victim scenario in which the WCDMA base stations interfere with the GSM mobiles. The ACIR required to mitigate inter-system interference can be elected by examining all contributions from the ad hoc group and considering the trade-off among WCDMA capacity loss, guard band, equipment cost and design complexity.

Further simulations will be performed to investigate the effects of mutual interference on the WCDMA and GSM uplink. 
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Appendix 

Table 1: Summary of simulation parameters

Deployment scenarios
Simulation cases
1. Downlink

a) GSM (BCCH only)/WCDMA for WCDMA victim

b) GSM (non-BCCH with PC)/WCDMA for GSM victim

2. Uplink

a) WCDMA victim (GSM load maximum – all time slots in use. Simulate GSM system, then add UMTS users until the total noise rise hits 6 dB)

b) GSM victim (WCDMA loaded to 6 dB noise rise)

No frequency hopping for GSM

Both networks in macro environment

Run simulations with a particular ACIR and derive the frequency offset.


Layout
3-sector configuration with the BS antenna pattern defined by Figure 1.5.1 in TR 101112 v3.2.0  (WCDMA and GSM)

GSM cell reuse GSM: 4/12

36 cells (i.e., 108 sectors) with wrap-around

cell radius: 2.9 Km

inter-site distance: 4.4 Km
Worst-case shift between operators

Services
WCDMA
8 kbps Speech (chip rate: 3.84 Mcps)

Eb/Nt target (downlink): 7.9 dB 

Eb/Nt target (uplink):  6.1 dB


GSM
Speech

SINR target (downlink): 9 dB

SINR target (uplink): 6 dB

Propagation
WCDMA and GSM
As per TR 25.942 v2.3.0.

Cell selection
WCDMA
As per TR 25.942 v2.3.0


GSM
As for WCDMA in TR 25.942 v2.3.0, but with only one link selected at random within a 3 dB handover margin

SIR calculation
WCDMA
As per TR 25.942 v2.3.0, except for the following changes:

1. Interference contributions from GSM TRXs or MSs are added to the total noise-plus-interference.

2. Processing gain is changed to 26.8 dB

3. Thermal noise level is raised to –96 dBm for downlink (due to UE worse sensitivity in 1800 MHz band)


GSM
Total noise-plus-interference is sum of thermal noise, GSM co-channel, and WCDMA interference. Cells are synchronised on a time slot basis. Adjacent channel GSM interference is neglected.

Noise floor (downlink): -111 dBm

Noise floor (uplink): -113 dBm

Power control assumptions
WCDMA
As per TR 25.942 v2.3.0

(21 dBm terminals)

Minimum BS power per user: 15 dBm.

Minimum UE power: –50 dBm.


GSM
Stabilization algorithm same as for WCDMA (C/I based) with a margin of 5 dB added to the SIR target.

Maximum power (TRX): 40 dBm 

Minimum power (TRX): 10 dBm (non-BCCH)

Maximum power (MS): 30 dBm

Minimum power (MS): 0 dBm

Capacity metrics
WCDMA
As per TR 25.942 v2.3.0


GSM
Load to maximum number of users and observe change in outage (i.e., 0.5 dB less than SINR target) 

ACIR parameters
WCDMA to GSM
As per spectrum masks defined in TS 25.101 and TS 25.104 (applying the appropriate measurement BW correction), unless capacity loss is found to be significant. See Table 2.


GSM to WCDMA
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GSM BTS to WCDMA UE:
m = 0.8 dB / 200 kHz

GSM MS to WCDMA BS:
m = 0.5 dB / 200 kHz

Table 2: ACIR values for the scenario in which the WCDMA base stations are interfering with GSM mobiles

Carrier Spacing (MHz)
Downlink ACIR (dB) Measured in a 200 kHz Band

2.7
48.8

2.9
51.8

3.1
54.8

3.3
57.8

3.5
60.8

3.7
60.8

3.9
60.8

4.1
63.0

4.3
63.0

4.5
63.0

4.7
63.0

4.9
63.0
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Summary

		20

		25

		30

		35

		40



Capacity Loss (%)

ACIR (dB) for the GSM Carrier Closest to WCDMA Carriers

WCDMA DL Capacity Loss (%)

9.1946308725

5.1677852349

3.1543624161

1.8657718121

1.2416107383



UMTS1800_GSM_1

		ACIR		# of MS/Cell		DL Outage		# of 
Snapshots		ACIR		# of MS/Sector		Capacity Loss (%)		Baseline
Capacity

		20		55		0.01078281		20		20		45.1		9.2		49.7

		20		58		0.0197246407		27		25		47.1		5.2

		20		59		0.019162		20		30		48.1		3.2

		20		60		0.0470025275		40		35		48.74		1.9

		20		61		0.17773243		20		40		49.05		1.2

		25		57		0.0027534095		20

		25		62		0.0078239976		41

		25		63		0.009986725		20

		25		65		0.4006784882		17

		30		63		0.0059145886		35

		30		64		0.0523869185		20

		35		64		0.00481773		15

		35		65		0.0420514175		20

		35		66		0.115656565		13

		40		64		0.0064102538		39

		40		65		0.0442751094		53

		40		66		0.1913450939		33
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