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At RAN1#95 [1] [2], it was agreed that combination of RAT-dependent and RAT-independent techniques can be considered for positioning. In this contribution we discuss global navigation satellite system (GNSS) positioning by presenting field tests measurements for real scenarios. GNSS background information can be found in [3][4].

LTE support of GNSS
In LTE, the assistance data with respect to the following GNSS are supported:
· GPS (Global Positioning System)
· SBAS (Satellite/Space Based Augmentation System)
· QZSS (Quasi-Zenith Satellite System)
· GLONASS (Global Navigation Satellite System)
· Galileo
· BDS (BeiDou Navigation Satellite System)
The WI LCS_LTE_acc_enh for LTE positioning enhancement, as described in [5], focused on the following issues related to GNSS.
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]
· Specify support for IMU positioning:
· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and, as second priority, UE-based OTDOA assistance information. 
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 
It is natural that some of this GNSS work in LTE can be reused in NR, and can be further combined with RAT-dependent NR solutions.

Field Tests
The field tests were performed with a Huawei Mate20 terminal with dual frequency HiSilicon 1103 chipset. Dual-band GNSS can mitigate the multipath interference effects, which are especially significant in areas with a high density of buildings like urban canyons, and can deliver significantly higher accuracy than single-frequency devices. In addition, dual GNSS was designed with two frequencies (for example, L1 and L5) to enable the removal of the delay caused by the ionosphere (a dispersive media whose effect depends on frequency). This is achieved by the so-called ionosphere-free combination.
Compared to L1 C/A and L2, these are some of the changes for L5: 
· Improved signal structure for enhanced performance
· Higher transmitted power than L1/L2 signal (~3 dB, or 2× as powerful)
· Wider bandwidth that provides a 10× processing gain, provides sharper autocorrelation (in absolute terms, not relative to chip time duration) and requires a higher sampling rate at the receiver.
· Longer spreading codes (10× longer than C/A)
· Usage of the Aeronautical Radio navigation Services band
More and more chipset venders support dual-band GNSS capability. For example, Huawei HiSilicon has released the industry-leading dual-frequency H1103 chipset, which can support GPS L1/L5, Galileo E1/E5, QZSS L1/L5. Table 1 provides some specification for dual frequency constellation.
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	GNSS
	GPS
	GALILEO
	QZSS

	Service Name
	L1 C/A
	L5
	E1
	E5a
	L1 C/1
	L5

	Center Frequency (MHz)
	1575.42
	1176.45
	1575.42
	1176.45
	1575.42
	1176.45

	Bandwidth (MHz)
	2.046
	20.46
	24.552
	20.46
	4.096
	20.46

	Code Frequency (MHz)
	1.023
	10.23
	1.023
	10.23
	1.023
	10.23

	Code Chips
	1023
	10230
	4092
	10230
	1023
	10230

	Modulation
	BPSK (1)
	BPSK
(10)
	CBOC
(6,1,1/11)
	AltBOC
(15,10)
	 BPSK (1)
	BPSK (10)



Vehicular scenario
The vehicular scenario was measured in London on August 3, 2018. The measurement location was in London where the roadside is made of tall buildings, and is characteristic of a dense urban scenario. We put the Mate 20 terminal on top of a car with the car moving at a speed of 20km/h. The test results are shown in Fig. 1. In the figure the green line shows the test results by GNSS positioning only and the yellow line shows the positioning results by combined GNSS signals and inertial measurement unit (IMU) of the  Mate 20. We also installed a high-accuracy Novatel GNSS receiver in the car and its positioning results can be regarded as the true position. The Novatel positioning results are shown in burgundy color. 
Compared to the true position, the GNSS positioning only (green) can achieve the positioning error of 6.2m@68%, 13.1m@95%. When IMU data is combined, the positioning error (yellow) are 6.2m@68%, 11.0m@95%.
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[bookmark: _Ref533759484]Fig. 1 Test results in London
 
Pedestrian Scenario
The scenario was measured in Munich on August 13, 2018. The narrow street side consists of buildings (several stories high). A person holding the UE walked along the street. The test results are shown in Fig. 2. 
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[bookmark: _Ref533759559]Fig. 2 Test results in Munich

Compared with the true position, the GNSS positioning only (green) can achieve a positioning error of 11.9m@68%, 18.7m@95%. When IMU data is combined, the positioning error (yellow) are 11.9m@68%, 18.1m@95%.
We also tested the GNSS positioning in Milan and London. The positioning results are summarized in Table 2. 
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	 Scenario
	City
	Error @68%, 95% (w/o IMU)
	Error @68%, 95% (w/ IMU)

	Open sky 
	Milan
	6.0m, 12.8m
	5.3m, 12.8m

	Urban canyon
	London
	18.1m, 32.1m
	13. 8m, 22.0m

	Narrow street
	Munich
	11.9m, 18.7m
	11.9m, 18.1m

	Garden estate
	Milan
	14.9m, 23.2m
	5.9m, 10.8m



Based on the test results in Table 2, we have the following observations and proposals.
Observation 1: GNSS can provide similar positioning accuracy as RAT-dependent solution for outdoor scenarios.
Proposal 1: NR supports the combining of GNSS positioning and RAT-dependent techniques.
Proposal 2: NR supports positioning relying on Inertial Measurement Units (IMU).
At the Taipei, meeting, it was concluded that
Results provided by companies for techniques not addressed by the results in Section 8 of the TR can be included in Section 7.2 of the TR
Note: No common simulation assumptions have been agreed for RAT independent and hybrid positioning methods
Thus, in addition, we propose to capture these field measurement results in the TR (Section 7.2). 
Proposal 3: Capture the TP in the appendix in Subclause 7.2 of the TR.

Conclusion
In this contribution we present the positioning with GNSS and field test results are present with Mate 20 terminal. Based on the field test results, we have the following observations and proposals:
Observation 1: GNSS can provide similar positioning accuracy as RAT-dependent solution for outdoor scenarios.
Proposal 1: NR supports the combining of GNSS positioning and RAT-dependent techniques.
Proposal 2: NR supports positioning relying on Inertial Measurement Units (IMU).
Proposal 3: Capture the TP in the appendix in Subclause 7.2 of the TR.
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Appendix A (TP for Subclause 7.2)
======================== Unchanged parts omitted ========================
One source provided field test from a commercial cellphone integrated with dual-band GNSS receiver with IMU. The test includes the following two scenarios:
· Vehicular scenario
· Pedestrian scenario
The test result is summarized in Table 7.2-1.
Table 7.2-1 Field test from a commercial cellphone integrated with dual-band GNSS receiver
	Scenario
	City
	Horizontal error w/o IMU
	Horizontal error w/ IMU

	
	
	68%
	95%
	68%
	95%

	Vehicular
	Urban canyon
	London
	6.2m
	13.1m
	6.2m
	11.0m

	Pedestrian 
	Open sky 
	Milan
	6.0m
	12.8m
	5.3m
	12.8m

	
	Urban canyon
	London
	18.1m
	32.1m
	13.8m
	22.0m

	
	Narrow street
	Munich
	11.9m
	18.7m
	11.9m
	18.1m

	
	Garden estate
	Milan
	14.9m
	23.2m
	5.9m
	10.8m


======================== Unchanged parts omitted ========================

image2.png




image1.png




