Page 1



3GPP TSG-RAN WG4 Meeting #58 
(
R4-111631
Taipei, Taiwan, February 21-25, 2011

	CR-Form-v9.7

	CHANGE REQUEST

	

	(

	TR 36.813
	CR
	2
	(

rev
	0
	(

Current version:
	10.0.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	
	Core Network
	


	

	Title:
(

	Overload Characteristics of GPS Receivers in Proximity to LTE L-band Terrestrial Base Stations (BTS) 

	
	

	Source to WG:
(

	LightSquared

	Source to TSG:
(

	RAN WG4

	
	

	Work item code:
(

	L_Band_LTE_ATC_MSS-Core
	
	Date: (

	02/25/2011

	
	
	
	
	

	Category:
(

	B
	
	Release: (

	Rel-10

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)

	
	

	Reason for change:
(

	Adding the Oveload characteristics of GPS receivers test results in proximity of L-Band LTE eNB.

	
	

	Summary of change:
(

	The field and test result of mobile GPS and fixed GPS timing unit is attached   

	
	

	Consequences if 
(

not approved:
	Missing Band 24 co-existence results in L-Band TR36.813 

	
	

	Clauses affected:
(

	New Clause 4.2.4

	
	

	
	Y
	N
	
	

	Other specs
(

	
	
	 Other core specifications
(

	

	affected:
	
	
	 Test specifications
	

	
	
	
	 O&M Specifications
	

	
	

	Other comments:
(

	


<< Unchanged sections omitted >>
<< Start of changed sections >>
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

●
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

●
For a specific reference, subsequent revisions do not apply.

●
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-100640 "Adding L-Band LTE for ATC of MSS in North America", RAN #48
[3]
FCC Report 03-15 (2003), IB Docket No. 01-185, February 10, 2003, http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-03-15A1.pdf
[4]
FCC Report DA-10-534, March 26, 2010, http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-10-534A1.pdf 
[5]
FCC Report 03-50, February 25, 2005, http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-05-30A1.pdf
[6]
FCC Report DA-04-3553, November 8, 2004, http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-04-3553A1.pdf
[7]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception"

[8]
3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception"

[9]
3GPP TS 36.113: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) and repeater ElectroMagnetic Compatibility (EMC)"

[10]
3GPP TS 36.124: "Evolved Universal Terrestrial Radio Access (E-UTRA); Electromagnetic compatibility (EMC) requirements for mobile terminals and ancillary equipment"

[11]
3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management"

[12]
3GPP TS 36.141: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) conformance testing"

[13]
3GPP TS 36.307: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements on User Equipments (UEs) supporting a release-independent frequency band"

[14]
3GPP TS 25.461: "UTRAN Iuant interface: Layer 1"

[15]
3GPP TS 25.466: "UTRAN Iuant interface: Application part"

[16]
3GPP TS 25.101: "User Equipment (UE) radio transmission and reception (FDD)"

[17]
3GPP TS 25.104: "Base Station (BS) radio transmission and reception (FDD)"

[18]
3GPP TS 25.141: "Base Station (BS) conformance testing (FDD)"

[19]
3GPP TS 37.104: "E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception"

[20]
3GPP TS 37.141: "E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing"
[21]
                 “Draft-Report_RAN4_57_Jacksonville” RAN4 #57, Jacksonville, FL, Nov. 2010
      [22]
                 RP-104941, “L-Band WI Way Forward”, RAN4 #57, LightSquared, Jacksonville, FL, Nov. 2010
[23]
R4-110371, “Preliminary results on Overload Characteristics of GPS Receivers in Proximity to LightSquared’s L-band Terrestrial Base Stations (BTS) and User Equipment (UE)” RAN4 #57AH, Austin, TX, January. 2011
[24]
R4-111579, “Final Report on Overload Characteristics of GPS Receivers in Proximity to LightSquared’s L-band Terrestrial Base Stations (BTS)”, RAN4 #58, Taipei, Taiwan, Feb. 2011
-- NEXT MODIFIED SECTION –

<< Add the Following Section >>
4.2.4
Overload Characteristics of GPS Receivers in Proximity to LTE L-band eNBs 
In response 3GPP RAN4 request from 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 several Field and Lab Tests for 6 CellPhones/SmartPhones, as well as fixed GPS timing unites, used in network infrastructure, to determine the impact of LTE L-Band eNB transmission to their overload Characteristics. The details of field and lab test configuration and test results are captured in [23], and [24]. These documents [23, 24] are embedded in this Technical Report.
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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


Based on this criterion and LightSquared’s deployment plans regarding spectrum occupancy and base station EIRP, it was concluded (from analytical/geometric link calculation) 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 configuration is depicted in Figure 4.2.4-1.


[image: image3]
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
	8.60
	35.07
	35.06
	35.05
	35.15
	35.04
	35.05
	35.15
	35.05
	35.03

	-125
	-50
	9.68
	34.60
	34.41
	34.63
	34.76
	34.51
	34.67
	34.77
	34.71
	34.34

	-125
	-40
	7.60
	34.40
	34.47
	34.43
	34.42
	34.51
	34.49
	34.03
	34.51
	34.32

	-125
	-30
	9.64
	34.76
	34.75
	34.73
	34.84
	34.75
	34.77
	34.74
	34.78
	34.68

	-125
	-25
	9.60
	33.63
	33.79
	34.06
	34.09
	33.56
	33.09
	33.70
	33.51
	33.26

	-125
	-20
	9.59
	32.21
	32.30
	32.17
	32.17
	32.28
	32.30
	31.92
	32.37
	32.17

	-125
	-15
	9.57
	31.68
	31.78
	32.45
	31.96
	31.51
	31.52
	31.42
	31.49
	31.28

	-125
	-10
	6.97
	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
	8.06
	36.11
	36.11
	36.11
	36.14
	36.11
	36.08
	36.11
	36.14
	36.08

	-125
	-50
	8.23
	36.05
	36.04
	36.04
	36.06
	36.06
	36.02
	36.04
	36.04
	36.06

	-125
	-40
	7.62
	35.33
	35.34
	35.36
	35.36
	35.34
	35.32
	35.27
	35.39
	35.29

	-125
	-30
	7.63
	33.05
	33.04
	33.11
	33.26
	32.96
	32.94
	33.06
	33.06
	32.94

	-125
	-25
	6.51
	32.38
	32.19
	32.51
	32.39
	32.38
	32.48
	32.18
	32.47
	32.45

	-125
	-20
	8.53
	27.84
	27.81
	27.94
	27.77
	27.90
	27.75
	27.79
	27.92
	27.87

	-125
	-15
	48.29
	27.09
	27.83
	26.75
	26.70
	27.19
	26.55
	27.72
	26.80
	27.16

	-125
	-10
	47679.09
	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
	3.43
	34.21
	34.21
	34.20
	34.23
	34.18
	34.20
	34.23
	34.24
	34.20

	-125
	-50
	4.39
	34.73
	34.74
	34.74
	34.75
	34.71
	34.72
	34.76
	34.71
	34.73

	-125
	-40
	7.95
	34.77
	34.77
	34.78
	34.80
	34.72
	34.74
	34.83
	34.74
	34.75

	-125
	-30
	5.65
	34.69
	34.67
	34.70
	34.70
	34.67
	34.69
	34.73
	34.66
	34.68

	-125
	-25
	6.71
	34.62
	34.63
	34.62
	34.63
	34.60
	34.61
	34.66
	34.59
	34.61

	-125
	-20
	5.81
	34.45
	34.45
	34.46
	34.48
	34.45
	34.42
	34.49
	34.40
	34.44

	-125
	-15
	6.82
	33.44
	33.44
	33.42
	33.46
	33.46
	33.41
	33.49
	33.41
	33.42

	-125
	-10
	6.07
	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
	15.37
	29.69
	30.03
	30.09
	29.39
	29.19
	28.35
	30.03
	30.31
	30.09

	-130
	-50
	11.61
	30.09
	30.25
	30.11
	29.88
	30.02
	30.15
	30.29
	30.35
	29.68

	-130
	-40
	6.14
	30.57
	30.66
	30.47
	30.70
	30.75
	30.61
	30.62
	30.69
	30.10

	-130
	-30
	7.82
	30.18
	30.17
	30.17
	30.19
	N/A
	30.17
	30.20
	30.17
	30.17

	-130
	-25
	3.46
	28.05
	29.80
	27.22
	26.45
	29.65
	29.83
	29.40
	22.06
	29.97

	-130
	-20
	12.30
	23.14
	29.00
	N/A
	N/A
	20.08
	18.24
	19.36
	29.00
	N/A

	-130
	-15
	5.86
	25.18
	26.83
	26.85
	26.45
	N/A
	19.50
	26.63
	23.14
	26.83

	-130
	-10
	12.43
	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
	12.51
	30.91
	30.91
	30.89
	30.95
	30.89
	30.87
	31.12
	30.81
	30.83

	-130
	-50
	9.39
	30.57
	30.60
	30.54
	30.61
	30.48
	30.54
	30.67
	30.59
	30.53

	-130
	-40
	7.52
	29.19
	29.16
	29.19
	29.18
	29.21
	29.18
	29.18
	29.23
	29.21

	-130
	-30
	8.09
	28.11
	28.15
	28.14
	28.27
	28.12
	28.05
	28.14
	28.29
	27.73

	-130
	-25
	7.83
	26.60
	27.01
	25.06
	26.11
	26.88
	26.67
	27.07
	27.01
	26.97

	-130
	-20
	28864.32
	25.46
	27.66
	24.49
	23.46
	25.57
	23.17
	27.92
	23.54
	27.85

	-130
	-15
	56018.61
	25.38
	26.60
	21.78
	27.30
	24.52
	20.46
	27.47
	26.61
	28.32

	-130
	-10
	57516.56
	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
	6.77
	30.56
	30.56
	30.58
	30.58
	30.55
	30.53
	30.61
	30.53
	30.56

	-130
	-50
	5.37
	30.17
	30.20
	30.21
	30.18
	30.13
	30.17
	30.21
	30.13
	30.14

	-130
	-40
	20.23
	30.62
	30.61
	 
	30.64
	30.62
	30.63
	30.64
	 
	30.59

	-130
	-30
	6.91
	29.74
	29.75
	29.76
	29.75
	29.72
	29.73
	29.77
	29.70
	29.76

	-130
	-25
	7.61
	29.93
	29.95
	29.92
	29.96
	29.91
	29.91
	29.95
	29.92
	29.92

	-130
	-20
	6.80
	29.71
	29.73
	29.72
	29.73
	29.71
	29.76
	29.75
	29.63
	29.67

	-130
	-15
	6.80
	28.53
	28.62
	28.60
	28.58
	28.46
	28.49
	28.47
	28.52
	28.53

	-130
	-10
	56063.06
	27.31
	26.94
	27.08
	27.37
	27.59
	26.77
	27.61
	27.06
	28.06


Based on these results, the position error does not increase linearly with the LTE OOB power level.  As the OOB power level is increased, the SNR decreases more gradually than the position error increases.  For example, in Table 4.2.4-3, as the OOB power is increased from zero  to -30 dBm, the average SNR reduces by approximately 3 dB (from 36.11 to 33.05 dB), while the position error actually diminishes from 8.05 to 7.63 m.   This suggests that, at this level of OOB power, the position error variation is being caused by the randomness of noise and interference waveforms and that no direct, causal relationship to the level of OOB power has been established.  In contrast, a relationship with the reported SNR is clearly evident.

According to the results of this experiment, traditional metrics such as the 3 dB desensitization point may be too pessimistic.  In the same Table 4.2.4-3, it can be seen that the position error increases rapidly beyond the OOB power level of -20 dBm, which happens to correspond to the 10 dB SNR degradation point.

Note that, lower desired GPS signal levels may be observed in indoor environments. Moreover, some GPS receivers may be able to operate at levels as low as -150 dBm with data assistance (as a part of AGPS operation).  However, if the received signal levels of all satellites lie below -130 dBm, it is likely that this indicates an indoor or in-car scenario, in which case the L-band signal levels would also be attenuated by the in-building or in-car penetration losses. 
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, to be in the range of -125dBm and -130dBm. The the field trail was performed using a widely used commercial GPS receiver, with an antenna mounted on the roof of a vehicle, allowing the C/N of signals received from individual satellites to be monitored.  The C/N was mapped to receive signal power by calibrating the antenna at an accredited laboratory.  The characterization was performed by injecting a GPS signal at a known level into the device and reading the output C/N values. Static measurements were made in the Open sky, foliage blockage, and Urban roof top environments. Mobile measurements collections were made in the both Urban canyon, as well as in a typical suburban environment. According to the results of these experiments, the assumption of GPS received signal strength lying between -125dBm and -130dBm was verified. 
-- 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,  3GPP TS 36.101 [7] assumes conducted power measurements, and therefore the requirements in 3GPP TS 36.101 [7] shows conducted power measurements. 
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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