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1.0 Introduction 
Both [1] and [2] request HPUE operating in Band 14 and GPS reception be carefully studied and documented in the technical report TR36.837.  This document examines the GPS implementation issues related to HPUE using for reference a B14 Power Class 3 handset device. A TP is provide for TR36.837 
2.0 Background

2nd harmonic for a B13 (FDD), B14 (FDD) and B43 can fall in the GPS band and could impact an in-device GPS receiver and a co-located standalone GPS receiver unless additional filtering is provided.  
The in-device GPS interference is the worst case since a co-located GPS device has about 40 –50 dB of path loss to reduce the harmonic impact.   The possible in-device interference scenarios for B14 due to the 2nd harmonic emissions from the PA at maximum power are;
a) Blocking of GPS receiver (1RB case is worse) – function of GPS Rx selectivity
b) OOBE due to 2nd harmonic spectral re-growth which fall into the GPS receive pass band (full RB is worse)
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Figure 2-1; GPS considerations for B14 devices

For the in-device scenario, the LTE PA emissions due to 2nd harmonics must be filtered to a reasonable level to avoid desense to the GPS receiver at maximum transmit power.
3.0 Analysis 
In a typical UE handset the PA, SAW/BAW duplexer filter and antenna switch will generate a 2nd harmonic component in the GPS pass-band. To provide mitigation it may be necessary to use a linear filter after the SAW/antenna switch.   A HPUE will need to implement a high power linear PA, a high power linear mobile antenna switch and a high power linear ceramic duplexer filter which all help to reduce the 2nd harmonic  component .
In Table 3-1 we consider the GPS implementation issues for a HPUE B14 (vehicular devices) relative to a B14 (handset form factor) 
	Parameter 
	B14 handset form factor 
	B14 HPUE vehicular form factor

	Transmit power 
	+23dBm
	+31 to 33dBm 

	PA 2nd harmonic emission  level
	-15 to -20 dBm  
	Similar since the linear PA is needed for HPUE but this is offset by the increase in MOP

	2nd harmonic ACLR correction factor to PA 2nd harmonic emission 
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	20-30 dB

PA 2nd harmonic emission level is reduced  by ACLR  correction factor which is a function of RB allocation , channel bandwidth and frequency offset to GPS band
	For a HPUE the PA more stringent ACLR requirements can provide  less 2nd harmonic emission into the  GPS band


	PA emission + duplexer filter rejection at GPS frequency 
	SAW / FBAR duplexer will also generate a 2nd harmonic  component at GPS pass band which will reduce effective  filter attenuation in GPS pass band 
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Typical IP2 is ~115 dBm
	Ceramic duplex filter for HPUE has better IMD performance.  Also filter attenuation is better & freq drift  is low (Oppm)– offers better performance
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Typical IP2 is ~170 dBm

	Antenna switch 
	Typical handset antenna switches  generate harmonics at GPS frequency and degrade the GPS sensitivity 
	High power mobile antenna switch has better IMD performance if used 

	Additional GPS linear  filter 

	Additional linear low pass or notch filter can provide 20+dB attenuation  at GPS frequency depending on implementation 
	Additional linear low pass filter can provide up to 50dB at GPS frequency if needed
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	LTE – GPS isolation between GPS antenna port and LTE antenna port 
	Typically 10-15dB isolation for a handset form factor 
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	Typically 40-50dB isolation for a PSBB professional vehicle implementation 
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Table 3-1; GPS considerations for B14 Power Class 1 and Power 3
The sample analysis show that that GPS impact due to an in-device GPS receiver will not be an issue for a HPUE vehicular deployment .  
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5.5
Additional co-existence scenarios 
5.5.2
B14 HPUE and GPS
In a typical UE handset the PA, SAW/BAW duplexer filter and antenna switch will generate 2nd harmonic component in the GPS pass-band. To provide mitigation it may be necessary to use a linear filter after the SAW/antenna switch.  A HPUE will need to implement a high power linear PA, a high power linear mobile antenna switch and a high power linear ceramic duplexer filter which all help to reduce the 2nd harmonic  component 

In Table 5.5.2-1 we consider the GPS implementation issues for a HPUE B14 (vehicular devices) relative to a B14 (handset form factor)
	Parameter 
	B14 handset form factor 
	B14 HPUE vehicular form factor

	Transmit power 
	+23dBm
	+33dBm target 

	PA 2nd harmonic emission  level
	-15 to -20 dBm  
	Similar since the linear PA is needed for HPUE but this is offset by the increase in MOT

	2nd harmonic ACLR correction factor to PA 2nd harmonic emission 
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	20-30 dB

PA 2nd harmonic emission level is reduced  by ACLR  correction factor which is a function of RB allocation , channel bandwidth and frequency offset to GPS band
	For a HPUE the PA more stringent ACLR requirements can provide  less 2nd harmonic emission into the  GPS band



	PA emission + duplexer filter rejection at GPS frequency 
	SAW / FBAR duplexer will also generate a 2nd harmonic  component at GPS pass band which will reduce effective  filter attenuation in GPS pass band 
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Typical IP2 is ~115 dBm
	Ceramic duplex filter for HPUE has better IMD performance.  Also filter attenuation is better & freq drift  is low (Oppm)– offers better performance
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Typical IP2 is ~170 dBm

	Antenna switch 
	Typical handset antenna switches  generate harmonics at GPS frequency and degrade the GPS sensitivity 
	High power mobile antenna switch has better IMD performance if used 

	Additional GPS linear  filter 

	Additional linear low pass or notch filter can provide 20+dB attenuation  at GPS frequency depending on implementation 
	Additional linear low pass filter can provide up to 50dB at GPS frequency if needed
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	LTE – GPS isolation between GPS antenna port and LTE antenna port 
	Typically 10-15dB isolation for a handset form factor 
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	Typically 40-50dB isolation for a PSBB professional vehicle implementation 
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Table 5.5.2-1; GPS considerations for B14 Power Class 1 and Power 3
The analysis show that that GPS impact due to an in-device GPS receiver will not be an issue for a HPUE vehicular deployment.  
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