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Introduction

The Global Positioning System is referred to in the 3GPP specification of UMTS for location services and used in other members of the IMT2000 family as a source of accurate timing information.  GPS receivers will be the victim of interference from UMTS transmitters and this paper discusses the interference scenarios and acceptable level of interference due to the spurious emissions in the GPS bands.

The GPS system uses two spread spectrum signals, both of which can be transmitted at two frequencies.  The Coarse Acquisition sequence (C/A) is at 1.023 Mchip/s rate and the Precise (P) sequence at 10.23Mchip/s.  The bandwidth of both signals is limited to 20MHz at carrier centre frequencies of 1227.6 MHz (L2)and 1575.4 MHz (L1).  The system design is based on guaranteed received signal strengths ranging from –166dBm to –160dBm for the four different signals, which are all well below the receiver noise level.

Scenarios

1) BS into fixed GPS receiver.

The GPS receiver antenna and BS antennas will both be fixed and so a simple minimum coupling loss analysis is appropriate.  The worst case scenario will be at a shared antenna site, where the GPS antenna could be in the main beam of the sector antenna of another operator at the same site, with limited opportunity for reducing the interference through good site engineering practice.  The appropriate value of minimum coupling loss for such an installation is not easily determined and is an issue for further study.  In the example below a 50 dB MCL has been assumed.  

These GPS antennas will be mounted in conditions where the local propagation environment will not limit the performance of the system and hence the criteria used to determine the maximum acceptable emission is that the noise due to interference will raise the noise in the receiver by 3dB.

2) UE into fixed GPS receiver.

In general, fixed GPS receivers used as monitoring units for location services will be positioned to avoid this source of interference and the limit determined in scenario 3) should ensure satisfactory operation of the GPS receiver.

3) UE into mobile GPS receiver.

This is the most frequent scenario and will need detailed consideration.  The victim mobile GPS receiver may be integrated into a second UE or be a separate standalone device. 

A statistical analysis could be performed to determine an acceptable level of emissions with distributions of UE and GPS receivers in various scenarios.  However, the particular case of both UMTS interferer and GPS victim being located in the same vehicle is an obvious case, which will have a high probability of occurring, and would also seem to be the worst case.    Therefore this scenario can also be dealt with using a minimum coupling loss analysis.

This vehicle based situation can then be split into four further sub combinations of integral and vehicle mounted UE antennas into both integral and vehicle mounted GPS antennas. 

Intuitively it would seem that the integrated antenna to integrated antenna and vehicle mounted antenna to vehicle mounted antenna are the worst cases since the screening due to the vehicle structure will be minimal in these cases.  It is therefore proposed that the calculations are based on both UE and GPS devices operating with 0dB antennas 1m apart.

However, in this scenario it is still not clear exactly what should be the criterion for setting the spurious emission limits to ensure that the effect of the interference makes no significant change to the accuracy of the location reported by the GPS receiver.  The initial value below is based on the interference power raising the noise level in the receiver by 3dB.

4) BS into mobile GPS receiver.

This scenario is probably less stringent than the first scenario since the GPS receiver will only experience the worst case interference when it is close to the BS and this worst case is already covered in the first scenario.  In addition a mobile GPS receiver will be in a worse propagation environment.

Example limits

Parameter values used:

BS to GPS coupling loss

50dB


GPS antenna gain


0dBi

UE antenna gain


0dBi

Separation, UE into GPS

1m

GPS Receiver Noise Figure
5dB

Frequency
BS emission

From scenario 1)
UE emission

From scenario 3)

1217 – 1237 MHz
-59dBm/MHz
-75dBm/MHz

1565 – 1585 MHz
-59dBm/MHz
-73dBm/MHz

Conclusion

The necessary spurious emission limits to ensure protection of GPS receivers, using the assumptions in this paper, are well below the general  ‘Category B’ limits and special coexistence requirements will need to be introduced into the UE and BS specifications.  The exact limits are for further study.

