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1 Introduction

One open issue identified with respect to completion of the L band (3GPP Band 24) work item relates to GPS interference [1] which it was stated <A study will be initiated on the blocking vulnerability of legacy mobile GPS receivers, wherein LightSquared will provide RAN4 with measurement data and conclusions from a test campaign it is currently undertaking.  This is expected to take 2 – 3 months.  Support may be required from device-supplier members to supply devices and device data.  The L-Band WI TR 36.813 will be kept open to enable the study to be completed.  All the current CRs should be technically endorsed.>
This document presents an initial overview of the impact of 3GPP B24 (L band) operation on GPS services.  It is proposed that the outcome from this study should be addressed in the TR [2] and any relevant specification [3] 
2 Background
2.1 GPS 

A GPS system receiver center frequency is 1575.42MHz and typical Rx bandwidth for a commercial GPS receiver is about 2MHz (1574.42-1576.42 MHz). GPS navigation signals are broadcast with a fairly low power. Signal levels will be lower inside in building or when shielding from the sky. A GPS receiver has two different sensitivity levels; acquisition sensitivity and tracking sensitivity.  

· Acquisition sensitivity refers to the minimum signal level for cold start Time To First Fix (TTFF) within a specified time window. 

· Tracking sensitivity refers to the minimum signal level that allows a receiver to maintain a location fix with a specified degree of accuracy. As the signal level degrades the location accuracy will degrade until the receiver is no longer able to compute a location fix.
2.2 Spectrum allocation
Figure 2.2-1 shows the spectrum allocation of B24 (L band) relative to RNSS (GPS) band.
[image: image1.emf]1505.0

1570.0 1575.0 1605.0

1610.0 1675.0 1525.0 1559.0 1626.5 1660.5 1670.0

GPS



B24 NASA Defense &  B24 RNSS LEO MSS

 Figure 2.2-1 B24 (L Band) and GPS spectrum allocation
Based on the above spectrum allocation, the impact on GPS performance would be a function of B24 (UE and BS) transmit power and out of band emission specification and the associated GPS device selectivity and blocking performance.
2.3 B24 transmit power and OOB emission
The B24 (L Band) TR [2] states the following emission requirement to protect the RNSS (GPS) band;
a) For B24 terrestrial mobile stations; 

· UE maximum Power: 23dBm ±2dB
· OOB emission: Limit of -58dBW/4kHz (-28 dBm/4kHz) per terminal at a 1MHz offset from the edge of the spectrum used for ATC.
· Wideband Emissions: 

·  
1559-1605MHz:  -60dBm/MHz; After 5 years: -65dBm/MHz
· 1605-161 MHz:  Linear interpolation from -60dBm/MHz to -36dBm/MHz;  After 5 years:  linear interpolation from -65dBm/MHz to -41dBm/MHz
-
Narrowband Emissions - EIRP of discrete emissions of less than 700Hz bandwidth  
· 1559-1605MHz:  -70dBm; -75dBm after 5 years
· 1605-1610MHz:  Linear interpolation from -70dBm to -46dBm;  After 5 years: linear interpolation from -75dBm to -51dBm
b) For B24 fixed or mobile terrestrial base stations 
· BS maximum Power : 60dBm  {ATC requirements}
· Wideband Emissions; [1559 - 1610MHz -70dBm/MHz] EIRP
· Narrowband Emissions; 1559 - 1610MHz -80dBm EIRP of discrete emissions < 700Hz BW 
2.4 UE/BS_GPS RF selectivity and blocking performance 
For a UE/BS_GPS devices there is limited RF filter selectivity to reduce the B24 transmit power which is seen as an interferer and can cause desense to the GPS receiver. Current SAW RF filter devices will only provide a limited attenuation for B24 DL frequency band i.e. 2-5dB at the upper edge of B24 (1559MHz) and increasing to 30-40dB at lower edge of B24 DL (1525MHz). Hence the blocking performance is mainly determined by the GPS RFIC implementation. 
2.5 Impact on cellular and non cellular services

For cellular network operators in the United States, E-911 mandate requires caller location identification in an emergency situation for cellular subscribers.  Compliance to this requirement is; 50/100m location accuracy for 67% of calls and 150/300m location accuracy for 97% of calls depending if the location service is network or handset based. 
For non-cellular network operation such as Public Safety, Point to Point and Point to Multi-Point communication systems GPS timing is used for timing references between sites. As an example, Public Safety simulcast systems depend on GPS for critical timing reference signal between sites where DL voice and data communications are simulcast to a number of cells sites to aid inter-operability between Public Safety users on the ground. Depending upon system configuration, individual sites may become disabled if the GPS reference timing is degraded leading to loss of communication for the impacted cell site(s) and Public Safety users. 
 In addition, all current models of Public Safety subscriber devices can support GPS location functionality to locate a person in need. There are no redundant location services available and hence if the GPS receiver in the user device is rendered inoperable, the Public Safety user exact current location will no longer be known.

There are also many other legacy GPS operations in the 1559-1610MHz spectrum consisting of, commercial, airport and Government GPS equipment.  For many of these services there are no infrastructures back up for locations service to mitigate any loss of the GPS signal. 
3 GPS interference scenarios 
Motorola Solutions is currently undertaking a test campaign and interference analysis on the potential of GPS interference in non-cellular services; Public Safety, commercial, and Government GPS.  Figure 3-1 shows some of the GPS interference scenarios that are currently being considered; 
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a)

BS to BS_GPS
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 BS to UE_GPS
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Figure 3-1 B24 (L Band) and GPS interference scenarios
The key interference mechanisms are 1) B24 UE/BS OOB emissions in the GPS receive band and 2) B24 UE/BS received power at the input to the GPS device for the different scenarios listed below in figure 3-2; 
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Figure 3-2 B24 (L Band) and GPS interference scenarios
a) B24 BS to BS_GPS receiver interference 

B24 BS OOB emission levels may be sufficiently high to desense the fixed BS_GPS receiver. In this case the B24 BS OOB emission will sum with the thermal noise floor of the BS_GPS receiver. This increase in noise power in the BS_GPS receiver will require an equal increase in desired signal power to maintain equivalent signal-to-noise ratio (SNR) and thus causes a reduc​tion in the sensitivity of the BS_GPS receiver. Since the interference is due to noise that is on-channel to BS_GPS receiver, there is nothing that can be done at the BS_GPS receiver to mitigate. The only solution would be to reduce the B24 OOB emission in the BS_GPS channel bandwidth through a combination of RF filtering, geographical separation, guard band and reduction in BS transmit power.

GPS blocking: The sensitivity of the BS_GPS receiver can also be degraded by the presence of a high B24 BS signal depending on the BS_GPS receiver out band blocking performance. In this case the mitigation solution would be similar and would need a reduction in BS transmit power, additional BS_GPS device RF filtering, geographical separation and guard band. 
b) B24 BS to UE_GPS receiver interference 

B24 OOB emission level and BS transmit power may be sufficiently high to desense the UE_GPS receiver due to OOB emission and GPS front end receiver blocking when in close proximity to a B25 BS transmitter.  This is a similar interference mechanism as described in a) for a BS_GPS but now applicable to all co-located UE_GPS devices. 
c) B24 UE to a UE_GPS receiver 

Another interference scenario that would need to be considered is when a B24 UE may be sufficiently close to desense a co-located UE_GPS receiver. Again the interference mechanisms are similar and due to B24 OOB emission and GPS receiver front end blocking. This would impact all UE_GPS devices.
4 Summary

Motorola Solutions is currently undertaking a test campaign and interference analysis on the potential of GPS interference in non-cellular services; Public Safety, commercial, and Government GPS. This document presents an initial overview of the impact of L band operation on UE/BS_GPS services. The key interference mechanisms are a) B24 UE and BS OOB emissions in the GPS receive band and b) B24 UE and BS received power at the input to the BS/UE_GPS device. 

Both interference mechanisms need further study since this can result in desense of the GPS receive sensitivity and a loss of GPS timing reference and location accuracy.  
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