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1	Discussion
The NR positioning study item [1] will address positioning solutions for both regulatory and commercial services. The outcome of the study will be documented in the technical report 38.855 [2].
In this contribution, we present a summary of the simulation results on GNSS, hybrid GNSS-OTDOA at FR1 [3] and discuss additional enhancements to GNSS support in NR based on QZSS CLAS Interface Specifications [4].
During the UE Positioning Accuracy Enhancements for LTE Rel-15 WI the GNSS support in LPP has been revised and consisted in the introduction of high-accuracy GNSS methods [5]. Because the support of PPP-RTK was not complete in RTCM SC104 v3.3 [6], the final agreement in RAN2 concluded that 3GPP should continue working on high precision positioning using PPP-RTK beyond Release 15, perhaps targeting Release 16 onwards [7].
A text proposal covering the RAT-independent positioning section and the impact potential GNSS enhancements can have on NR specifications is provided in Appendix A.  
2	Considerations on GNSS
2.1 Performance Evaluation of GNSS and hybrid GNSS-RAT-dependent technology. 
At RAN1#AH1901, a simple and representative methodology for the hybridisation of GNSS and RAT-dependent positioning technologies, together with simulation results based on this methodology has been presented in [4]. This contribution evaluates the baseline performance of hybrid positioning based on GNSS and RAT-dependent in UMi and UMa scenarios. The UMi street canyon (ISD = 200m) and UMa (ISD = 500m) are defined for RAT-dependent according to the methodology defined in TR 38.855 for FR1. As there is no modelling of GNSS in 3GPP, the paper employs the GNSS Operational Environments defined in ETSI TS 103 246-3 [8]: the Urban Canyon and Asymmetric Visibility. The alignment between Urban Canyon conditions and UMi deployment scenario, and Asymmetric Visibility conditions and UMa deployment scenario is based on elevation mask and azimuth classification of the GNSS satellites: elevation masks randomly blocking visibility to a sub-set of available satellites have been selected and assumed to correspond to UMi and UMa geometry (in particularly building heights and BS antenna height).
The evaluation results, generated for UMa and UMi, are obtained based on hybrid positioning algorithm using pseuduroanges from all four GNSS constellations, and OTDoA at FR1 (4GHz) frequency band. In the current analysis we have used PRS signal with ideal muting and 100 MHz BW. Given the known location of the GNSS satellites and the gNodeBs, the unknown parameters of the hybrid positioning problem were solved in a weighted least squares (WLS) classical solution, based on the well-known iterative Gauss-Newton (GN) method. In addition, results with no modification and with modification of the channel model in TR 38.901 are provided (more details in [4] and in the text proposal from Appendix A).
The obtained horizontal accuracy results for multi-GNSS and hybrid solutions showed that the target of <10m for 80% of the UEs can be achieved. 
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Figure 1: Horizontal positioning accuracy error in UMa and UMi
Table 1: UMa - Hybrid GNSS-OTDOA horizontal positioning error [m]
	Solution
	Conditions
	50%
	67%
	80%
	90%
	95%

	GNSS
	Code-based, dual frequency
	2.33
	3.01
	3.72
	4.64
	5.42

	Hybrid GNSS-OTDOA
	0ns
	Baseline channel model
	0.70
	0.96
	1.24
	1.59
	1.98

	
	
	Modified channel model
	2.24
	2.91
	3.63
	4.51
	5.33

	
	50ns
	Baseline channel model
	2.29
	2.99
	3.71
	4.61
	5.43

	
	
	Modified channel model
	2.29
	2.99
	3.71
	4.61
	5.45



Table 2: UMi - Hybrid GNSS-OTDOA horizontal positioning error [m]
	Solution
	Conditions
	50%
	67%
	80%
	90%
	95%

	GNSS
	Code-based, dual frequency
	4.07
	5.56
	7.19
	9.30
	10.51

	Hybrid GNSS-OTDOA
	0ns
	Baseline channel model
	0.83
	1.14
	1.46
	1.85
	2.26

	
	
	Modified channel model
	2.0
	2.67
	3.40
	4.37
	5.48

	
	50ns
	Baseline channel model
	3.84
	5.16
	6.61
	8.40
	10.02

	
	
	Modified channel model
	3.87
	5.16
	6.66
	8.47
	10.09



With respect to the vertical accuracy target performance (<3m for 80% of UEs), while OTDoA is far from achieving the target even in perfect conditions because of the bad disposition of the nodes for vertical estimation (~15m at 80% in perfect conditions, much worse in presence of NLoS biases or synchronization errors), multi-GNSS, although still above the target, is able to provide 4-5 m at 80%. Consequently the hybrid solution considerably improves the OTDoA vertical performances.
The results show that the hybridisation between multi-GNSS and NR-dependent technologies leads to superior performance in spite of individual shortcomings of each technology (e.g., reduced availability of GNSS satellites in UMi, presence of NLOS conditions for NR, etc). A standard code-based multi-GNSS was employed; it is believed that much better performances can be achieved with high-accuracy GNSS positioning techniques like PPP, RTK or PPP-RTK.
Observation 1: NLoS bias and syncrhonization errors have a considerable impact on OTDOA performances, and thus on the performance of hybrid GNSS-OTDOA performances. Still, hybrid performance of GNSS+OTDOA is better than either one on its own in all cases [3].
Observation 2: The hybrid results presented here are based on standard code-based GNSS positioning; the recent Work Item in RAN2 on UE positioning enhancements [5] introduced high accuracy methods that lead to improved GNSS performance, and these can be further enhanced with additional assistance data in LPP, in particular atmospheric models.
2.2. Enhancements of GNSS: PPP-RTK
A new concept to mitigate the major GNSS errors has been introduced recently, namely the State-Space Representation (SSR), and with it, two new GNSS positioning techniques: PPP and PPP-RTK. The former PPP compensates only for the global corrections (satellite orbit, clock corrections and satellite signal bias), while the latter compensates global and local corrections: atmospheric corrections including the ionosphere and tropospheric delay are also provided. 
Precise-Point-Positioning (PPP) provides correction data only for global corrections including satellite orbit and clock corrections and satellite signal bias, whereas PPP-RTK compensates global and local corrections: atmospheric corrections including ionosphere and tropospheric delay are also provided. By applying local corrections, the convergence time (time required for ambiguity resolution) is significantly improved, from around 30 minutes to typically less than 10-30sec after receiving the correction data.
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Figure 2: Source of range errors and the type of correction
Observation 3: Current LPP protocol supports only RTK and PPP methods [10].
2.2.1	Advantages of PPP-RTK
Already operational services
CLAS is a PPP-RTK service today operational over Japanese territory utilizing L6 signal of Quasi-Zenith satellites to broadcast corrections. QZSS operational service in four satellite constellations begun from November 1, 2018 and has been provided more than three months continuously. The CLAS specifications are published in an open format [9].
True Broadcast
State Space methods are true broadcast since the same corrections can be broadcast, received and applied across a large geographical region. 
Observation 4: State Space Representation techniques have been developed allowing RTK corrections that are valid over large geographic areas to be broadcast to all receivers within the geographical area.
Observation 5: PPP-RTK assistance data, and GNSS assistance data in general, are best distributed in broadcast mode. Support for broadcast of location assistance data based on SIBs via RRC protocol was added in Release 15 for E-UTRA as described in TS 36.305 [10]. A solution to support broadcast location assistance data in NG RAN is proposed in [11].
Reduced Bandwidth
The required data rate for a typical nationwide high accuracy correction service, here applied to Japan, with convergence time below one minute is shown in Figure 3. A comparison between different formats shows that, at a date rate of 1.1 kbps, the PPP-RTK is far more efficient than RTK or N-RTK. To continue, it is clear that QZSS CLAS is based on a format more compact that the legacy RTCM 2.3 (951 kbps), RTCM 3 with MSM messages (547 kbps) or the N-RTK defined in RTCM 3 (59 kbps) can improve further the effectiveness, it consumes 59kbps. 
	Parameters
	Value

	Number of GNSS
	3

	Number of satellites
	14

	Number of signals
	3

	Service area
	400,000 [km2]

	Baseline (PPP-RTK)
	50 [km]

	Baseline (Network-RTK)
	40 [km]

	Baseline (RTK)
	20 [km]

	Update interval
	5 [sec]
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Figure 3: Parameter for nation-wide RTK service (left) and the required data rate for each type of correction (right).
Observation 6: The required data rate of PPP-RTK only consumes 0.1% of the conventional RTK, the throughput is significantly improved.
Improved Positioning Accuracy & Fast TTFF
PPP-RTK test results are provided below: based on post-processing and real-time tests demonstrate  improved positioning accuracy. 
Continuous monitoring based on post-processing data from Japan´s GNSS CORS network, made of 72 reference stations, reveals cm-level positioning accuracy in the horizontal and vertical component for the static configuration and kinematic configuration. The convergence time to reach this extraordinary accuracy is around 40 seconds (95% confidence interval) out of which 30 seconds account for receiving the correction data. This has been evaluated for a period of 3 months (November 2018 – January 2019) with the PPP-RTK corrections provided in the frame of QZSS CLAS service.
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Figure 4:  QZSS CLAS positioning accuracy (95%) expressed in [cm] for static mode (left) and kinematic mode (middle). QZSS CLAS TTFF (95%) expressed in seconds (right).
In September 2018, a kinematic test with QZSS CLAS was conducted on a highway near Tsukuba, Japan, with a vehicle driving at a speed of 80km/h. The corrections have been broadcasted by a QZSS satellite using the L6 signal. Figure 5 shows the path and the conditions of the field test. The positioning accuracy of the real-time solution displays variations of only several cm from the reference trajectory (Figure 6).
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Figure 5:  The path and view condition of field test
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Figure 6:  Positioning accuracy of the kinematic field test (95%) [cm]
Observation 7: By applying local correction data the convergence time to achieve centimetre accuracy can be reduced to 10-30s, compared to typical convergence time of about 30min achieved with PPP.
2.2.2	Proposed solution for adding PPP-RTK support in LPP and its impact on 3GPP specifications
The RTCM v3.3 standard [6] includes messaging to support basic PPP (clock and orbit corrections) for all current satellite constellations. In order to achieve full SSR support 3GPP could adopt (and adapt) the additional proposed messages supporting phase bias and atmospheric corrections. These new messages, although proposed to RTCM, have not been agreed by RTCM for inclusion in future specifications. The new messages are internal to RTCM and have not been released publicly. However the QZSS CLAS interface specifications [9] provides a full set of SSR messages including phase bias and atmospheric corrections. They form part of the augmentation services provided by QZSS and are transmitted in the L6 band. The 11 message types are defined in Compact SSR as shown in Table 1. 
Table 1: Compact SSR Messages [9]
	Group Name
	Sub-Group Name
	Corresponding IE in LPP

	Common Correction
	Compact SSR Mask
	YES

	
	Compact SSR GNSS Orbit Correction
	YES

	
	Compact SSR GNSS Clock Correction
	YES

	
	Compact SSR GNSS Combined Orbit/Clock Correction
	NO. NOT NEEDED, the GNSS-SSR-Orbit and GNSS-SSR-Clock can be combined in the same LPP message. LPP is flexible by design.

	
	Compact SSR GNSS Satellite Code Bias
	YES

	
	Compact SSR GNSS Satellite Phase Bias
	NO

	
	Compact SSR GNSS Satellite Code and Phase Bias
	NO. NOT NEEDED once Phase Biases are included in LPP.

	
	Compact SSR GNSS URA
	NO

	Local Correction
	Compact SSR STEC correction
	NO

	
	Compact SSR Gridded Correction
	NO

	Service Information
	Compact SSR Service Information
	NO. NOT NEEDED.
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Figure 7:  Implementation of the solution - translate QZSS CLAS message types and data fields to ASN.1 and add the corresponding information elements to the LPP.
Observation 8: 		The SSR Mask, GNSS Orbit, GNSS Clock, and GNSS Satellite Code Bias are already supported in LPP. For the missing SSR messages, 3GPP could rely on the QZSS CLAS interface specifications [9].
Proposal 1		GNSS SSR Phase II (PPP-RTK) shall be completed based on QZSS CLAS Interface Specifications. This work shall be part of the objectives of a potential Work Item on NR Positioning in Rel-16.
A detailed analysis of the impact of the PPP-RTK support on 3GPP specifications is presented in the text proposal in Appendix A.	
Proposal 2		Add the text proposal in Appendix A to the TR 38.855. 
Conclusion
Observation 1: 	NLoS bias and syncrhonization errors have a considerable impact on OTDOA performances, and thus on the performance of hybrid GNSS-OTDOA performances. Still, hybrid performance of GNSS+OTDOA is better than either one on its own in all cases [3].
Observation 2: 	The hybrid results presented here are based on standard code-based GNSS positioning; the recent Work Item in RAN2 on UE positioning enhancements [5] introduced high accuracy methods that lead to improved GNSS performance, and these can be further enhanced with additional assistance data in LPP, in particular atmospheric models.
Observation 3: 	Current LPP protocol supports only RTK and PPP methods [10].
Observation 4: 	State Space Representation techniques have been developed allowing RTK corrections that are valid over large geographic areas to be broadcast to all receivers within the geographical area.
Observation 5: 	PPP-RTK assistance data, and GNSS assistance data in general, are best distributed in broadcast mode. Support for broadcast of location assistance data based on SIBs via RRC protocol was added in Release 15 for E-UTRA as described in TS 36.305 [10]. A solution to support broadcast location assistance data in NG RAN is proposed in [11].
Observation 6: 	The required data rate of PPP-RTK only consumes 0.1% of the conventional RTK, the throughput is significantly improved. 
Observation 7: 	By applying local correction data the convergence time to achieve centimetre accuracy can be reduced to 10-30s, compared to typical convergence time of about 30min achieved with PPP.
Observation 8: 	The SSR Mask, GNSS Orbit, GNSS Clock, and GNSS Satellite Code Bias are already supported in LPP. For the missing SSR messages, 3GPP could rely on the QZSS CLAS interface specifications [9].
We have the following proposals:
Proposal 1		GNSS SSR Phase II (PPP-RTK) shall be completed based on QZSS CLAS Interface Specifications. This work shall be carried out during the NR Work Item for Positioning.
Proposal 2		Add the text proposal in Appendix A to the TR 38.855. 
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[bookmark: _Toc525556713]3	Definitions and Abbreviations
[bookmark: _Toc525556714]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.

[bookmark: _Toc525556715]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].
CID	Cell ID
CLAS	Centimetre Level Augmented Service
ECID	Enhanced Cell ID
FKP	Flächenkorrekturparameter (Engl: Area Correction Parameters)
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GNSS	Global Navigation Satellite System
LCS		LoCation Services
LPP	LTE Positioning Protocol
MAC	Master Auxiliary Concept
OTDOA	Observed Time Of Arrival
PPP	Precise Point Positioning
PPP-RTK            Precise Point Positioning – Real Time Kinematic
QZSS	Quasi-Zenith Satellite System
RTK	Real-Time Kinematic
SSR	State Space Representation
TBS	Terrestrial Beacon System
TTFF	Time To First Fix
UTDOA	Uplink Time Of Arrival
WLAN	Wireless Local Area Network


<End of changed section>
<Start of next changed section>
[bookmark: _Toc525556717][bookmark: _Toc533023402]7	Studied NR positioning technologies
Editor's Note: To be determined. Study techniques for NR positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, etc and RAT-independent and hybrid solutions, e.g. A-GNSS, etc).  
Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning
[bookmark: _Toc533023403]7.1	RAT-dependent NR positioning technologies	
The RAT dependent solutions considered for study include:
-	Downlink based solutions
-	Downlink and uplink based solutions
-	Uplink based solutions
Combination of downlink, uplink as well as downlink and uplink techniques can be used for NR positioning.
[bookmark: _Toc533023404]7.1.1	Downlink based solutions
The following candidate techniques are considered for study of DL positioning:
-	Timing based techniques
-	Timing of arrival path(s)
-	Phase difference based techniques
-	Note: feasibility needs to be further assessed
-	Angle-based techniques
-	Downlink angle(s) of departure
-	Downlink angle(s) of arrival
-	Carrier-phase based techniques
-	Note: feasibility needs to be further assessed
-	Received reference signal power based techniques
-	Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
[bookmark: _Toc533023405]7.1.2	Uplink based solutions
The following candidate techniques are considered for study of UL positioning:
-	Timing based techniques 
-	Timing of arrival path(s)
-	Angle-based techniques
-	Uplink angle(s) of departure 
-	Uplink angle(s) of arrival 
-	Carrier-phase based techniques
-	Note: feasibility needs to be further assessed
-	Received reference signal power based techniques
[bookmark: _Toc533023406]7.1.3	Downlink and uplink based solutions
The following candidate techniques are considered for study of DL and UL positioning:
-	Timing based techniques
-	Round trip time measurement including support for multiple TRPs
-	Combination of DL and UL techniques for NR positioning
-	e.g. E-CID like techniques (including one or multiple cells)
7.2	RAT-independent NR positioning technologies
7.2.X. GNSS Positioning Techniques
GNSS is the standard generic term for satellite navigation systems that provide autonomous positioning, velocity, and timing information with global coverage. 
The following GNSS positioning methods are studied for NR positioning:
· Code-based GNSS: Understood as the standard GNSS navigation provided by a standalone GNSS receiver based on pseudorange measurements. Its performance depend on the number and distribution of the satellites in view (the more number of employed GNSS constellations the better) and the accuracy of the GNSS measurements.
Note, A-GNSS and phase-based GNSS methods like single-base RTK, Non-Physical Reference Station Network RTK service, MAC Network RTK service, FKP Network RTK service, and PPP service are already supported in LPP. 
· PPP-RTK service: The state of the art in GNSS is the so-called PPP-RTK method based on SSR concept. PPP-RTK, as the name implies, is the synthesis of the known PPP and N-RTK technologies. The objective of PPP-RTK is to overcome the limitations of PPP in terms of convergence time and of N-RTK in terms of the number of stations in the required network. With a less dense network (less than RTK) the atmospheric GNSS effects can be modelled allowing to compute state space information for the GNSS errors (instead of using observation space information like in RTK), so it can be distributed to users in real-time. As a consequence, users are capable to resolve ambiguities very fast and to achieve an accuracy level similar to RTK.
[bookmark: _Toc437275509]7.2.X.1	GNSS and hybrid GNSS-OTDOA evaluation scenarios and methodology
For evaluating GNSS and hybrid positioning GNSS and OTDOA performance, only outdoor scenarios are selected, namely UMa and UMi. In [x1] the GNSS conditions (signal attenuation, multipath, etc.) were modelled accordingly ETSI TS 103 246-3 Operational Environments [x2]: Urban Canyon and Asymmetric Visibility. Furthermore, in order to evaluate GNSS and RAT-dependent under same environmental conditions, in [x1] the Operational Environments were aligned to 3GPP UMa and UMi based on elevation mask profiles for the GNSS satellites. 
Code-based measurements have been generated for all four GNSS constellations (GPS, Galileo, BeiDou, and GLONASS) on two frequency carriers, namely 1.575 GHz and 1.176 GHz. The OTDoA observables are simulated according to the scenario parameters agreed by RAN1 and listed section 6.1. OTDoA observables are obtained from 6 gNBs with a PRS system bandwidth of 100 MHz and ideal muting pattern. The channel model as provided in the TR 38.901 is used as baseline while results with modifications to the channel model adding a NLOS bias are also presented.

7.2.X.1-1: Hybrid GNSS-OTDOA Evaluation assumptions
	Parameter
	GNSS
	OTDOA

	Layout
	A GNSS constellation simulator has been used to generate the geometry of each constellation for a specific latitude, longitude and date.
(NOTE 1)
	For UMa: Hexagonal grid, 19 macro sites, 3 sectors per site ISD = 500m.

For UMi: Hexagonal grid, 19 micro sites, 3 sectors per site ISD = 200m

	System Bandwidth per Carrier
	L1/E1: 24.552 MHz
L5/E5a: 20.460 MHz
	100 MHz

	GNSS constellations
	Galileo, GPS, GLONASS, BeiDou
	N.A

	Carrier Frequency
	L1: 1.575 GHz
L5: 1.176 GHz
	4 GHz

	Number of Carriers
	2
	1

	Subcarrier spacing
	N.A
	30 kHz

	HDOP range
	1.6 to 2.5
	0.6 to 2.0

	Penetration
	For outdoor UEs in UMa: X1=0 dB, X2=100 dB, X3=15 dB

For outdoor UEs in UMi: X1=0 dB, X2=100 dB
	For outdoor UEs: 0dB


	Satellite / BS antenna Height 
	GPS = 20 200 km
Galileo = 23 222 km
GLONASS = 19 100 km
BeiDou MEO = 21 528 km
(NOTE 2)
	For UMa: 25m + α
α ~ uniform(-5,25) m
For UMi: 10m + β, where β~uniform[-5, 10

	Satellite masking
	For UMa: 60 degrees, one side of the street.

For UMi: 60 degrees, both sides of the street
	N.A

	Antenna Configuration
	N.A
	For UMa: 4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8)  

For UMi: 4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8) 


	Network synchronization assumptions
	N.A
	T1: 0ns (perfectly synchronized), 50ns

The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1.
That is, the range of timing errors is [-T2, T2]

	UE Height
	hUT = 1.5 m

	UE Dropping
	For outdoor UEs: uniform in cell 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Description of positioning technique / applied positioning algorithm
	GNSS standalone: Weighted Least Square

Hybrid GNSS-OTDOA: tight integration i.e., measurement level in Weighted Least Square estimator

	Note 1: The assumption is that all GNSS constellations are at Full Operational Capabilities i.e., all satellites are deployed and operational. 
Note 2: All GNSS satellites are placed in Medium Earth Orbit (MEO). Each GNSS constellation has a specific height at which its satellites are placed.




[bookmark: _Toc437275511]7.2.X.2	GNSS and Hybrid GNSS-OTDOA simulation results
Simulation results for GNSS and hybrid GNSS-RAT-dependent were provided by one company [x1]. The following section presents the evaluation results obtained for hybrid positioning between standalone GNSS and hybrid positioning between GNSS and OTDOA at FR1.
Table 7.2.X.2-1: UMa - GNSS horizontal positioning error [m]
	Company
	50%
	67%
	80%
	90%
	95%

	ESA
	2.33
	3.01
	3.72
	4.64
	5.42



Table 7.2.X.2-2: UMa - Hybrid GNSS-OTDOA horizontal positioning error [m]
	Company
	Conditions
	50%
	67%
	80%
	90%
	95%

	ESA
	0ns
	Baseline channel model
	0.70
	0.96
	1.24
	1.59
	1.98

	
	
	Modified channel model
	2.24
	2.91
	3.63
	4.51
	5.33

	
	50ns
	Baseline channel model
	2.29
	2.99
	3.71
	4.61
	5.43

	
	
	Modified channel model
	2.29
	2.99
	3.71
	4.61
	5.45

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 7.2.x.2-1: Horizontal positioning error in UMa for GNSS and hybrid GNSS-OTDOA
Table 7.2.X.2-3: UMi - GNSS horizontal positioning error [m]
	Company
	50%
	67%
	80%
	90%
	95%

	ESA
	4.07
	5.56
	7.19
	9.30
	10.51



Table 7.2.X.2-4: UMi - Hybrid GNSS-OTDOA horizontal positioning error [m]
	Company
	Conditions
	50%
	67%
	80%
	90%
	95%

	ESA
	0ns
	Baseline channel model
	0.83
	1.14
	1.46
	1.85
	2.26

	
	
	Modified channel model
	2.0
	2.67
	3.40
	4.37
	5.48

	
	50ns
	Baseline channel model
	3.84
	5.16
	6.61
	8.40
	10.02

	
	
	Modified channel model
	3.87
	5.16
	6.66
	8.47
	10.09

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 7.2.x.2-2: Horizontal positioning error in UMi for GNSS and hybrid GNSS-OTDOA
Below are the vertical positioning error for GNSS and hybrid GNSS-OTDOA.
Table 7.2.X.2-5: UMa - GNSS vertical positioning error [m]
	Company
	50%
	67%
	80%
	90%
	95%

	ESA
	2.28
	3.40
	4.55
	5.87
	7.05



Table 7.2.X.2-6: UMa - Hybrid GNSS-OTDOA vertical positioning error [m]
	Company
	Conditions
	50%
	67%
	80%
	90%
	95%

	ESA
	0ns
	Baseline channel model
	1.89
	2.82
	3.76
	4.98
	6.06

	
	
	Modified channel model
	2.25
	3.36
	4.50
	5.86
	6.98

	
	50ns
	Baseline channel model
	2.29
	3.39
	4.53
	5.89
	7.07

	
	
	Modified channel model
	2.28
	3.40
	4.55
	5.89
	7.04

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.
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Figure 7.2.x.2-3: Vertical positioning error in UMa for GNSS and hybrid GNSS-OTDOA


Table 7.2.X.2-7: UMi - GNSS vertical positioning error [m]
	Company
	50%
	67%
	80%
	90%
	95%

	ESA
	2.74
	4.03
	5.48
	7.12
	8.64



Table 7.2.X.2-8: UMi - Hybrid GNSS-OTDOA vertical positioning error [m]
	Company
	Conditions
	50%
	67%
	80%
	90%
	95%

	ESA
	0ns
	Baseline channel model
	2.18
	3.27
	4.41
	5.81
	7.02

	
	
	Modified channel model
	2.77
	4.03
	5.39
	7.00
	8.47

	
	50ns
	Baseline channel model
	2.49
	3.72
	4.98
	6.37
	7.77

	
	
	Modified channel model
	2.76
	4.03
	5.37
	7.02
	8.46

	NOTE:  To modify the channel model, the normalization of the spread delays has been removed from equation 7.5-2 in TR 38.901 to introduce a NLOS bias.



[image: ]
Figure 7.2.x.2-4: Vertical positioning error in UMi for GNSS and hybrid GNSS-OTDOA

[bookmark: _Toc437275512]7.2.X.3	Summary for horizontal and vertical positioning error
Below are the summary of the simulations results. Due to usage of GNSS all UEs are considered to be outdoor.
Table 7.2.X.3-1: GNSS and Hybrid GNSS-OTDOA CDF percentiles for 50m, 10m, 3m and 1m horizontal positioning error [%]
	Scenario
	50m
	10m
	3m
	1m

	
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi

	GNSS
	100% 
	100%
	100%
	92%
	67%
	35%
	14%
	7%

	Hybrid GNSS – OTDOA perfect synchronisation
	100%
	100%
	100%
	100%
	100%
	99%
	70%
	61%

	Hybrid GNSS – OTDOA 50 ns synchronisation error
	100%
	100%
	100%
	95%
	68%
	38%
	15%
	7%

	Hybrid GNSS – OTDOA perfect synchronisation, modified channel model
	100%
	100%
	100%
	100%
	70%
	74%
	16%
	23%

	Hybrid GNSS – OTDOA 50ns synchronisation error, modified channel model
	100%
	100%
	100%
	95%
	68%
	38%
	15%
	7%

	NOTE:   The 3m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Level 2 while the 1m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 3 and 4 as defined in TS 22.261.



Table 7.2.X.3-2: GNSS and Hybrid GNSS-OTDOA CDF percentiles for 50m, 10m, 3m and 2m vertical positioning error [%]
	Scenario
	50m
	10m
	3m
	2m

	
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi
	UMa
	UMi

	GNSS
	100%
	100%
	100%
	98%
	62%
	54%
	45%
	38%

	Hybrid GNSS – OTDOA perfect synchronisation
	100%
	100%
	100%
	100%
	70%
	64%
	53%
	47%

	Hybrid GNSS – OTDOA 50 ns synchronisation error
	100%
	100%
	100%
	98%
	62%
	54%
	46%
	38%

	Hybrid GNSS – OTDOA perfect synchronisation, modified channel model
	100%
	100%
	100%
	99%
	63%
	58%
	46%
	42%

	Hybrid GNSS – OTDOA 50ns synchronisation error, modified channel model
	100%
	100%
	100%
	98%
	62%
	54%
	46%
	38%

	NOTE:    The 3m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 1 and 2 while the 2m target corresponds to the horizontal positioning accuracy requirement for NR Positioning Service Levels 3 to 6 as defined in TS 22.261.



Observations:
· Code-based multi-GNSS is capable to meet the horizontal accuracy target set for RAT-dependent (10m for 80% of the outdoor UEs) in UMa and UMi.
· Hybrid positioning based on multi-GNSS and OTDoA yields the best performance no matter the conditions as the hybridisation benefits from the advantages of each positioning technique in the different situations. 
· The addition of the NLOS bias or synchronization errors considerably degrades the performance of OTDOA, and thus of hybrid positioning.
· GNSS performance can be improved by employing high accuracy GNSS positioning methods through the provision of additional assistance data and in particular atmospheric models with better resolution.
· With respect to the vertical accuracy target performance (<3m for 80% of UEs), multi-GNSS, although still above the target, is able to provide 4-5 m at 80%. Consequently, hybrid solution considerably improves the OTDoA vertical performances.

[bookmark: _Toc437275513]7.2.X.4	GNSS enhancements: PPP-RTK assistance data
Recently State Space Representation techniques like PPP and PPP-RTK have emerged, promising to be the future method of choice for supplying corrections. SSR differs from the traditional OSR method, which lumps errors together for a specific geographic location, by creating a state vector for the following error components: satellite orbit errors, satellite clock errors, satellite signal biases (code and carrier phase), troposphere and ionosphere delays.
During Release 15, support for new high-accuracy GNSS methods has been added for LTE and described in [x3] while specific high-accuracy GNSS assistance data has been translated to ASN.1 and structured in new Information Elements in [x4]. Because PPP-RTK are not yet fully standardised by RTCM SC104 v3.3 [x5], only the messages allocated to PPP have been translated to ASN.1 in LTE Release 15. At RAN2#99-bis it has been agreed that the initial messages comprise a baseline and additional support can be discussed as the work carried out in 3GPP should not be restricted to only what has already been agreed by RTCM SC104. Finally, at RAN2#101-bis RAN2 concluded that 3GPP should continue work on high precision positioning using PPP-RTK beyond Release 15, perhaps targeting Release 16 onwards [x6]. 
Various solutions for GNSS enhancements are summarized below (but not limited to):
· Enhanced atmospheric models
· Vertical Total Electronic Content (Ionosphere)
· Slant Total Electronic Content (Ionosphere)
· Tropospheric models
· Carrier phase biases
These additional enhancements can be defined based on the corresponding messages now available in QZSS CLAS Interface Specifications [x7]. 
The impact on 3GPP specifications caused by the addition of the GNSS assistance data enhancements proposed above is analysed in subclause 9.2.X. 
<End of changed section>
<Start of next changed section>

9.2	Procedure and protocol aspects
[bookmark: _GoBack]9.2.x	Support of SSR assistance data for GNSS PPP-RTK service
9.2.x.1	Introduction
In Release 15 the GNSS support in E-UTRA has been revised during the UE Positioning Accuracy Enhancements for LTE WI [x8]. High-accuracy GNSS techniques, such as RTK, were added to E-UTRA and NG-RAN in Release 15 as defined in TS 36.305 [x3] and TS 38.305 [x4]. Nevertheless, the high-accuracy GNSS support for NG-RAN and E- UTRA in Release 15 does not include support of SSR assistance data for the PPP-RTK method. Currently only SSR assistance data for PPP positioning services are supported in E-UTRA and NG-RAN.
NOTE:	GNSS assistance data is best distributed in broadcast mode. Broadcast of location assistance data is not supported in NG-RAN in Release 15. However support for broadcast of location assistance data was added in Release 15 for E-UTRA as described in TS 36.305 [x3].
At RAN2#101-bis it has been agreed that 3GPP should consider additional support of high accuracy positioning using SSR assistance data (PPP-RTK) beyond Release 15, perhaps targeting Release 16 onwards. A future phase may aim to support the missing SSR assistance data elements: carrier phase bias and precise atmospheric models (ionospheric and tropospheric) [x6]. 
Missing SSR location assistance data can be defined as assistance data elements defined in TS 36.355 [x4]  
-	GNSS-SSR-PhaseBias
-	GNSS-SSR-URA
-	GNSS-SSR-TropoElement
-	GNSS-SSR-STEC
9.2.x.2	NG-RAN UE Positioning Architecture impacts
Much like any of the GNSS techniques already supported in NG-RAN, SSR assistance data enhancements for PPP-RTK service should leverage the existing LCS architecture defined in TS 23.271 [x9], with no impacts to the high-level system architecture specifications. SSR enhancements should also re-use the interfaces and procedures in TS 38.305 [x10] Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN with the addition of identification of PPP-RTK as a positioning method.
9.2.x.3	NG-RAN UE Positioning procedures and protocol impacts
At the RAN2#104 meetings it was agreed that LPP would be reused to support the new positioning methods that are discussed in the scope of this SI. The SSR assistance data for PPP-RTK positioning method should leverage the existing procedures and messages as described in TS 36.355 [x4]. Specification changes required to support PPP-RTK in LPP consist primarily of new information elements in TS 36.355:
-   UE capabilities transfer, e.g. UE Capabilities indicate support of new SSR assistance data.
-   Assistance Data specific to PPP-RTK service.
-   identify which technology was used in UE position fix, e.g. Provide Location Information indicates that it was calculated using SSR assistance data. 
The required protocol changes to [x4] can be summarized as shown in the Table below. This Table also give some indication on the possible work load for RAN2 to add the SSR assistance data for PPP-RTK service to the specifications using the QZSS CLAS ICD option [x7].
Table 9.2.x.3-1: PPP-RTK service NR specification impacts
	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of QZSS CLAS specifications for PPP-RTK supporting information.

	TS 36.355
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 36.355
	6.3 Message Body IEs
	Addition of PPP-RTK IEs for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to PPP-RTK positioning technologies

	TS 38.305
	2. References
	Addition of QZSS CLAS specifications for PPP-RTK supporting information.

	TS 38.305
	3.2 Abbreviations
	CLAS – Centimeter Level Augmentation Service
PPP-RTK – Precise Point Positioning – Real-Time Kinematic

	TS 38.305
	8.	Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.


NOTE 1:	RAN1 specs are not impacted 
NOTE 2: 	Specification impacts apply to PPP-RTK and they are limited. For PPP-RTK, existing PPP capabilities, assistance data, and location information transfer may be reused, or extended if needed. PPP-RTK is a superset of GNSS assistance data based on SSR concept.
The information transferred from LMF to the UE usually consists of assistance data, which is useful or essential for the UE to perform location measurements and position calculation. For UE-based PPP-RTK positioning, the GNSS SSR assistance data transferred from LMF to UE, summarized in Table 9.2.x.3-2, may include Carrier Phase Bias, Ionosphere and Tropospheric Model in addition to the already supported Orbit corrections, Clock errors, and Code Bias. For UE-assisted mode no assistance data is required, the UE provides only the GNSS measurements to LMF.
Table 9.2.x.3-2: New Information that may be transferred from the LMF to the UE
	Assistance Data Transfer
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	PPP-RTK Positioning

	GNSS-SSR-Orbit
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-Clock
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-CodeBias
(NOTE 1)
	No
	Yes
	No

	GNSS-SSR-Phase Bias
	No
	Yes
	No

	GNSS-URA
	No
	Yes
	No

	GNSS-SSR-STEC
(NOTE 2)
	No
	Yes
	No

	GNSS-TropoElement
	No
	Yes
	No

	NOTE 1:  GNSS-SSR-Orbit, GNSS-SSR-Clock, GNSS-SSR-CodeBias IEs are already defined in TS 36.355.
NOTE 2: 	STEC refers to Ionosphere corrections.



The information transferred from the UE to the LMF usually consists of capability information and location measurements or coordinates. The information that may be signalled from the UE to the LMF is summarized in Table 9.2.x.3-3 below.
Table 9.2.x.3-3: New Information that may be transferred from the UE to the LMF
	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for PPP-RTK Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	No
	Yes
	Yes

	UE Location Information
	
	
	

	· Location Source (method(s) used to compute location)
	No
	Yes
	Yes



Some key observations can be summarized as follows:
-	No new messages and procedures are required to complete the support of SSR, and thus enable PPP-RTK positioning in NR control plane architecture. Existing messages would need extensions to support the new positioning method.
-	Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based positioning has the biggest impact to Stage 3 specifications.


<End of last changed section>
<Unchanged text omitted>
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