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<< Add the Following Section >>
4.2.4
Overload Characteristics of GPS Receivers in Proximity to LTE Band 24 eNBs 
In response to 3GPP RAN4 request for LightSquared to perform a study on the overload impact of LTE Band 24 on GPS receivers involved in cellular applications [21, 22], LightSquared has performed Field and Lab Tests for six (6) CellPhones/SmartPhones, as well as fixed GPS timing unites, used in network infrastructure, to determine the impact of LTE Band 24 eNB transmission to their overload Characteristics. The details of field and lab test configuration and test results are captured in [23], and [24]. A summary of the contents of [23] and [24] are provided in Section 4.2.4.1 
Although results were provided for a limited number of devices (6), the study was concluded at this point considering that, in the meantime, a more comprehensive study, covering a wider variety of GPS receivers than those involved in cellular applications, was initiated under the auspices of the FCC [2].  The latter study will be conducted by a cross-industry group led by LightSquared and USGPSIC, the reports of the study having complete public visibility.       
4.2.4.1

Summary of Study Results
In [23], a field trial was undertaken to test the operational behaviour of cell-phones equipped with GPS receivers in an open parking lot with some tree shadowing.  The criterion of GPS service failure was defined to be the point where either the number of satellites tracked simultaneously fell below 4, or a positioning application on the device declared that it was switching from using GPS to cellular triangulation.  The test results are summarized in Table 4.2.4-1.

                                        Table 4.2.4-1  Per Carrier LTE Power Thresholds for GPS Receivers

	Cell Phone GPS Test Results (Interferer Threshold Level at which device switches to AGPS)

	
	One 5MHz carrier @ 1552.5MHz
	One 10MHz carrier @ 1550.5MHz
	Two 10MHz carriers @ 1550.5MHz & 1531MHz

	Device 1
	-15dBm
	-16dBm
	-17dBm

	Device 2
	-29dBm
	-32dBm
	-34dBm

	Device 3
	>-10dBm
	>-10dBm
	>-10dBm


Under the assumption and test set up described in [23], and LightSquared’s deployment plans regarding spectrum occupancy and base station EIRP, it was concluded (based on the particular analytical/geometric link calculation methods used and described in [23]) that, for one (1) out of the three (3) phones tested, the maximum exclusion zone (where GPS service would be affected as defined above) would be approximately 20m around the base of the tower.  For two (2) phones, there were no exclusion zones at all. Interpreting the outdoor test results with a cellular planning tool, incorporating market specific morphologies, suggested that (for the one affected phone) the exclusion zone would be 1.1 – 2.5 % of the coverage area.  
In addition to the work on mobile GPS receivers, [23] includes the work done by LightSquared over the past several years to analyze the overload effect of L-band base stations antennas on proximate timing unit GPS antennas.  A GPS antenna pre-selector, sufficient to allow deployments as close as 3m, was specified by Lightsquared and developed by more than one GPS timing unit vendor.  This antenna utilizes receive filters which produce a signal attenuation of 65 dB at 1575.42 MHz ±50 MHz.
In [24], lab results are provided for three additional smartPhone GPS receivers.  The key performance indicators (KPI’s) used in this experiment were Position Error and SNR (as reported by the GPS processor).  The results show that the Position Error was found to have a very sharp threshold, which often occurred at relatively high values of SNR degradation (in some cases around 10 dB) relative to the case of zero OOB LTE power. The GPS Rx Signal level used in the experiment was assumed to between -125dBm and -130dBm. The lab test setup is depicted in  [24]. 

Eight (8) satellites were emulated for desired signal levels of -125 dBm and -130 dBm.  In a given test, all emulated satellites had the same desired signal level. It is noteworthy, that these devices were tested in standalone GPS mode with no A-GPS assistance. In the real world, the mobile device may benefit from increased sensitivity offered by the mobile assistance data.
The results are captured in Tables 4.2.4-2, 4.2.4-3, 4.2.4-4, 4.2.4-5, 4.2.4-6, and 4.2.4-7 for 3 devices under test. The average values were taken over 75 samples.
Table 4.2.4-2: Device 4 Measurements at -125 dBm GPS Rx Level

	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in meters
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-125
	OFF
	5.80
	35.07
	35.06
	35.05
	35.15
	35.04
	35.05
	35.15
	35.05
	35.03

	-125
	-50
	6.53
	34.60
	34.41
	34.63
	34.76
	34.51
	34.67
	34.77
	34.71
	34.34

	-125
	-40
	5.21
	34.40
	34.47
	34.43
	34.42
	34.51
	34.49
	34.03
	34.51
	34.32

	-125
	-30
	6.61
	34.76
	34.75
	34.73
	34.84
	34.75
	34.77
	34.74
	34.78
	34.68

	-125
	-25
	5.39
	33.63
	33.79
	34.06
	34.09
	33.56
	33.09
	33.70
	33.51
	33.26

	-125
	-20
	6.19
	32.21
	32.30
	32.17
	32.17
	32.28
	32.30
	31.92
	32.37
	32.17

	-125
	-15
	4.66
	31.68
	31.78
	32.45
	31.96
	31.51
	31.52
	31.42
	31.49
	31.28

	-125
	-10
	6.17
	28.30
	25.76
	31.35
	28.25
	29.52
	26.1
	29
	25.2
	31.17


Table 4.2.4-3: Device 5 Measurements at -125 dBm GPS Rx Level

	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in Meters
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-125
	OFF
	7.57
	36.11
	36.11
	36.11
	36.14
	36.11
	36.08
	36.11
	36.14
	36.08

	-125
	-50
	7.41
	36.05
	36.04
	36.04
	36.06
	36.06
	36.02
	36.04
	36.04
	36.06

	-125
	-40
	7.11
	35.33
	35.34
	35.36
	35.36
	35.34
	35.32
	35.27
	35.39
	35.29

	-125
	-30
	7.12
	33.05
	33.04
	33.11
	33.26
	32.96
	32.94
	33.06
	33.06
	32.94

	-125
	-25
	5.45
	32.38
	32.19
	32.51
	32.39
	32.38
	32.48
	32.18
	32.47
	32.45

	-125
	-20
	7.00
	27.84
	27.81
	27.94
	27.77
	27.90
	27.75
	27.79
	27.92
	27.87

	-125
	-15
	38.22
	27.09
	27.83
	26.75
	26.70
	27.19
	26.55
	27.72
	26.80
	27.16

	-125
	-10
	35,960.34
	22.44
	25.79
	23.81
	19.29
	20.00
	20.41
	26.27
	19.76
	24.18


Table 4.2.4-4: Device 6 Measurements at -125 dBm GPS Rx Level

	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in Meters
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-125
	OFF
	2.49
	34.21
	34.21
	34.20
	34.23
	34.18
	34.20
	34.23
	34.24
	34.20

	-125
	-50
	3.01
	34.73
	34.74
	34.74
	34.75
	34.71
	34.72
	34.76
	34.71
	34.73

	-125
	-40
	6.03
	34.77
	34.77
	34.78
	34.80
	34.72
	34.74
	34.83
	34.74
	34.75

	-125
	-30
	4.28
	34.69
	34.67
	34.70
	34.70
	34.67
	34.69
	34.73
	34.66
	34.68

	-125
	-25
	4.74
	34.62
	34.63
	34.62
	34.63
	34.60
	34.61
	34.66
	34.59
	34.61

	-125
	-20
	4.36
	34.45
	34.45
	34.46
	34.48
	34.45
	34.42
	34.49
	34.40
	34.44

	-125
	-15
	4.87
	33.44
	33.44
	33.42
	33.46
	33.46
	33.41
	33.49
	33.41
	33.42

	-125
	-10
	4.44
	31.44
	31.55
	31.53
	31.58
	31.57
	31.51
	31.02
	31.56
	31.21


Table 4.2.4-5: Device 4 Measurements at -130 dBm GPS Rx Level

	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in meters 
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-130
	OFF
	10.60
	29.69
	30.03
	30.09
	29.39
	29.19
	28.35
	30.03
	30.31
	30.09

	-130
	-50
	8.81
	30.09
	30.25
	30.11
	29.88
	30.02
	30.15
	30.29
	30.35
	29.68

	-130
	-40
	4.10
	30.57
	30.66
	30.47
	30.70
	30.75
	30.61
	30.62
	30.69
	30.10

	-130
	-30
	5.64
	30.18
	30.17
	30.17
	30.19
	N/A
	30.17
	30.20
	30.17
	30.17

	-130
	-25
	2.31
	28.05
	29.80
	27.22
	26.45
	29.65
	29.83
	29.40
	22.06
	29.97

	-130
	-20
	10.23
	23.14
	29.00
	N/A
	N/A
	20.08
	18.24
	19.36
	29.00
	N/A

	-130
	-15
	4.05
	25.18
	26.83
	26.85
	26.45
	N/A
	19.50
	26.63
	23.14
	26.83

	-130
	-10
	9.53
	23.81
	24.88
	25.00
	18.00
	25.00
	23.79
	26.00
	N/A
	24.00


Table 4.2.4-6: Device 5 Measurements at -130 dBm GPS Rx Level

	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in meters
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-130
	OFF
	10.16
	30.91
	30.91
	30.89
	30.95
	30.89
	30.87
	31.12
	30.81
	30.83

	-130
	-50
	6.99
	30.57
	30.60
	30.54
	30.61
	30.48
	30.54
	30.67
	30.59
	30.53

	-130
	-40
	7.01
	29.19
	29.16
	29.19
	29.18
	29.21
	29.18
	29.18
	29.23
	29.21

	-130
	-30
	6.80
	28.11
	28.15
	28.14
	28.27
	28.12
	28.05
	28.14
	28.29
	27.73

	-130
	-25
	6.57
	26.60
	27.01
	25.06
	26.11
	26.88
	26.67
	27.07
	27.01
	26.97

	-130
	-20
	28587.34
	25.46
	27.66
	24.49
	23.46
	25.57
	23.17
	27.92
	23.54
	27.85

	-130
	-15
	54597.55
	25.38
	26.60
	21.78
	27.30
	24.52
	20.46
	27.47
	26.61
	28.32

	-130
	-10
	46038.95
	22.56
	27.14
	17.57
	20.26
	20.97
	19.00
	27.58
	21.04
	26.93


Table 4.2.4-7: Device 6 Measurements at -130 dBm GPS Rx Level
	GPS/Sat
	LTE
	Avg
	Avg
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat
	Sat

	dBm
	dBm
	Error (2D) in meters
	SNR
	11
	14
	17
	20
	23
	24
	31
	32

	-130
	OFF
	4.78
	30.56
	30.56
	30.58
	30.58
	30.55
	30.53
	30.61
	30.53
	30.56

	-130
	-50
	4.11
	30.17
	30.20
	30.21
	30.18
	30.13
	30.17
	30.21
	30.13
	30.14

	-130
	-40
	14.00
	30.62
	30.61
	N/A 
	30.64
	30.62
	30.63
	30.64
	N/A 
	30.59

	-130
	-30
	6.27
	29.74
	29.75
	29.76
	29.75
	29.72
	29.73
	29.77
	29.70
	29.76

	-130
	-25
	5.51
	29.93
	29.95
	29.92
	29.96
	29.91
	29.91
	29.95
	29.92
	29.92

	-130
	-20
	4.82
	29.71
	29.73
	29.72
	29.73
	29.71
	29.76
	29.75
	29.63
	29.67

	-130
	-15
	5.16
	28.53
	28.62
	28.60
	28.58
	28.46
	28.49
	28.47
	28.52
	28.53

	-130
	-10
	37964.43
	27.31
	26.94
	27.08
	27.37
	27.59
	26.77
	27.61
	27.06
	28.06


Also included in [24], is a description of a field trial to gather data about GPS received signal levels from different satellites in suburban and urban morphologies, validating the GPS receive signal strength used in the lab experiment (-125dBm and -130dBm) for outdoor use case. The field trial  was performed using a widely used commercial GPS receiver, with a calibrated antenna mounted on the roof of a vehicle, allowing the C/N of signals received from individual satellites to be monitored, referenced to a 0 dBi antenna. Measurements were made in the open sky, suburban, and urban environments. 
-- NEXT MODIFIED SECTION –

5.2.3
Spurious Emissions
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, inter-modulation products and frequency conversion products, but exclude out of band emissions. 

In section 4.2.3 of the TR [2], LightSquared previously noted that the FCC requirements for L-Band to protect the GPS band were measured in terms of EIRP. However, owing to the proximity of Band 24 to the GPS band, RAN-4 requested that some assurance be provided in 3GPP TS 36.101 [7] that it would be feasible to meet the spurious emission requirements mandated by the FCC to protect GPS receivers.  Therefore, 3GPP TS 36.101 [7] has been modified for Band 24 to meet the FCC requirements as conducted power requirements, assuming a UE 0 dBi antenna gain.

In terms of bands with harmonic issues relative to Band 24, it is known that 3GPP Band 13 has second order harmonics that fall into the downlink (1525 to 1559 MHz) of Band 24. Along with the addition of Band 24, an exception for Band 13 has been added to Table 5.2.3-1 (Table 6.6.3.2-1 in 3GPP TS 36.101 [7]) for the UE-to-UE requirements below.

<< End of changed sections >>
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