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Introduction
The following agreements were made on the SI for NR UL positioning support in RAN1#AH1901 [1]:
	Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier

Agreement:
FFS: At least the following aspects for NR UL PRS design 
· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
· UL Power control aspects
· UL timing advance aspects

Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
· UL RTOA measurements
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements




The following agreements were made in RAN1#95 [2]:
	Agreement:
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




In this contribution, we further discuss the potential solutions of positioning technologies with the focus on NR RAT dependent UL positioning solutions.

NR uplink positioning
UTDOA is a network-based positioning technology introduced by 3GPP in LTE Release 11. In principle, any UE specific UL reference signals can be used for UTDOA positioning. For UL positioning, it is highly desirable for the UL RS from a UE be detected by multiple cells in order to use the trilateration algorithm to determine the UE’s location. 
Existing NR UL reference signals are designed with the purpose of supporting the data communication, for which only the serving cell needs to detect the UL-RS from the UE. The goal of the cell RF planning is to guarantee the serving cell is able to detect the UL signals from the UE with certain reliability, but at the same time, tries to avoid as much as possible the overlapping of the coverage of multiple cells for resource optimization and the interference minimization. Thus, the UL hearability is the key issue associated with the UL positioning, especially with the power limitation of the UE and the mutual interference among the UEs. In addition, the SRS transmitted from a UE allocated close to the serving cell may not be detectable from other cells due to UL power control. Furthermore, when two UEs from the same or different cells are assigned with the same RF resources for the SRS transmission, the cell far away from the UE may not be able to detect the SRS from the remote UE due to the strong interference from a UE located near the cell. The performance of the UTDOA positioning may also be impacted by other many factors, such as the SRS transmission carrier frequency, transmission bandwidth, and subcarrier spacing, the transmission periodicity, transmission power, etc. Therefore, UTDOA performance is in general not expected to be as good as OTDOA for many scenarios, especially for cells with large coverage area.
Nevertheless, UL positioning based on the existing NR RS has special advantages for some particular scenarios, especially for small cell scenarios, where the UL hearability may not be the main issue due to the density of the neighboring TPs. In addition, using NR RS for UL positioning does not need UE to implement the special design to support UL positioning.

NR UL Positioning with SRS
In RAN1#AH1901, it was agreed that NR UL SRS is used as a starting point for design and analysis of UL PRS, and it is FFS on “if and which enhancements are needed” and “NR UL PRS relationship with UL BWP and component carrier”.
NR SRS Enhancement for UL positioning
NR SRS are low-PAPR sequences as LTE SRS. In addition, NR SRS supports all of the configurations related to UL positioning as supported by LTE SRS. Furthermore, NR SRS has the following advantages over LTE SRS, which are critical for UL positioning:
· LTE SRS bandwidth can only be configured up to 96 RBs. NR SRS bandwidth can be configured up to 272 RBs;
· LTE SRS is transmitted only at the last OFDM symbol in a slot. NR SRS resource can be configured with {1, 2, 4} consecutive SRS OFDM symbols, and can be placed anywhere at and after the OFDM symbol index 8 in a slot.

[bookmark: _Toc1138835]Proposal 1: In comparison with LTE SRS, NR SRS is more suitable for supporting UL positioning. Since LTE SRS is already supported for UL positioning, it seems no special enhancement for NR SRS needed in the physical layer for supporting NR UL positioning in Rel-16.

NR SRS Transmission with multiple BWPs for UL positioning
In NR, a UE in RRC_CONNECTED mode can be configured with up to 4 UL BWPs, but only one of them can be activated for UL transmission. Given that the bandwidth of the UL BWP can be configured much larger than LTE carrier bandwidth, it seems no compelling reason to make the change of this requirement specific for SRS transmission for UL positioning, and no need to add the support of SRS transmission across multiple BWPs for the purpose of UL positioning.
[bookmark: _Toc1138836]Proposal 2:  No need to modify the physical layer requirement of NR SRS transmission, such as NR SRS tranmsission across multiple BWPs, for the support UL positioning in Rel-16.

Supporting UL positioning with UL/DL beam information
NR supports the transmission and the reception of multiple beams for all NR operation frequency bands. The SRS signal transmitted from UE in an SRS resource may be in an omni-direction or in a beam direction, and the gNB may detect the SRS with beam sweeping. The information of the SRS beam transmission direction and beamwidth can be used to effectively improve the accuracy and performance of the UTDOA positioning system (e.g., Figure 1).
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[bookmark: _Ref534483618]  Figure 1. Illustration of the usefulness of beam information in gNB receiving SRS
3GPP has not defined the uplink positioning procedure yet. Here, we will use the procedure shown in Figure 2, which is similar with LTE UTDOA procedure, to explain the benefits of using the beam information for supporting the UL positioning. 
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[bookmark: _Ref534481541]Figure 2. Illustration of UTDOA procedure
Steps in the UTDOA procedure:
1) The LMF sends first an Information Request message to the serving gNB to invoke periodic SRS for target UE. In this step, the LMF may determine which gNB needs to invoke periodic SRS for target UE, based on the location of the serving gNB and the direction of the serving beam, e.g., SS/PBCH block beam information; 
2) The serving gNB determines the SRS resources to be allocated for the UE. In this step, the gNB may determine the SRS configuration and resources to be assigned for the UE, based on the location of the serving gNB and the direction of the current serving beam;
3) The serving gNB sends an Information Response to the LMF that includes the allocated resources and the associated parameters;
4) The serving gNB then allocates the resources to the target UE;
5) The LMF determines which gNBs should be involved in the UTDOA positioning for the UE. In this step, the LMF may determine which gNBs need to participate in the UTDOA positioning, based on the on the location of the serving gNB and the direction of the current serving beam;
6) UE starts transmitting SRS according to SRS configuration;
7) The LMF sends a measurement request with the SRS configuration to the selected gNBs;
8) gNBs measure the SRS to obtain the UL RTOA measurements. In this step, the gNBs may decide when and in which direction to receive the UE SRS, for reducing the time and power consumption, and improve the measurement performance during the detection of the SRS, based on the on the location of the serving gNB and the direction of the current serving beam;
9) gNBs send back to LMF the uplink measurement reports;
10) LMF calculates the UE’s location based on the measurement reports. The LMF may also use the information of the serving beam (e.g., direction, beam width etc.) in the calculation of the UE location.
[bookmark: _Toc534641005][bookmark: _Toc1138837][bookmark: _Toc534641006]Proposal 3: The beam information of the DL/UL reference signals should be included in the messges exchanged between UE, gNBs, and LMF for supporting UL positioning. 
[bookmark: _Toc1138838]Proposal 4: Adopt the text proposal of using the beam information for UL positioning in Appendix A for TR 38.855. 
[bookmark: _GoBack]
Feasibility of NR carrier phase-based UL Positioning
3GPP TS 22.261 has defined the performance requirements for horizontal and vertical positioning service levels. Depending on the service level, the horizontal accuracy varies from 10m (95% availability) with 1s latency in level 1 to 0.3m (99.9 % availability) with 15ms latency in level 6. However, the traditional 3GPP RAT-dependent positioning approaches, including OTDOA, ECID, UTDOA, may not be able to support such the performance requirements even for the service level 1. Therefore, innovative positioning methods need to be considered for NR positioning systems.
Description of NR carrier phase-based UL positioning 
In our previous contributions (e.g., [8][10]), we proposed the NR carrier-phase based positioning techniques with the potential to support sub-meter-level or even centimeter-level positioning accuracy UE. In RAN1#95, it was agreed that carrier-phase based techniques are considered as one of the candidate techniques for the study of UL positioning. In the following, we briefly summarize the NR carrier-phase based techniques for supporting the UL positioning with the additional analysis on the feasibility of the approach based on the comparison with GNSS carrier-phase based positioning techniques.
Figure 3 illustrates the basic idea of the UL positioning system with the NR carrier-phase based techniques. In the method, the UE transmits the carrier phase positioning reference signals (C-PRS) to support the neighbouring gNB to obtain the carrier phase measurements. C-PRS can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency (C-PRS modulated with random sequences can also be considered). The carrier frequencies of the UEs for transmitting the C-PRS are UE dependent and configured by the network. 
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[bookmark: _Ref534395866][bookmark: _Ref525409496][bookmark: _Ref525409472]Figure 3. Illustration of UL positioning with carrier phase measurements

Since C-PRS are pure sinusoidal signals, and the bandwidth of C-PRS are very small. Thus, the subcarrier spacingbetween C-PRS signals from different UEs can be very smaller, much smaller than the subcarrier spacing for data communication. In addition, the transmission of the transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier as shown in without causing inter-channel interferences to neighbouring carriers.
Integer ambiguity resolution for NR carrier phase-based UL positioning 
The carrier phase measurement contains an unknown number of integer multiples of the carrier wavelength, commonly referred to as integer ambiguity, as shown in Figure 4. How to fast obtain the integer ambiguity in the carrier phase measurement is one of the keys to positioning using the carrier phase measurement. Compared with GNSS carrier phase positioning, where the network has no control over the GNSS signal transmission (such as the transmission power, bandwidth, frequency location etc.), for NR carrier phase measurement, the network may first reduce the search space of the integer ambiguity by reducing the measurement error of TOA/TDOA by taking advantage of the NR large bandwidth and beam forming properties. The search space of the integer ambiguity can also be further reduced, or even no search is needed, by a transmitter transmitting the C-PRS in two or more frequencies, as explained in [9].
[image: ]

[bookmark: _Ref534401300]Figure 4. Carrier phase measurements and integer ambiguity
Based on the above analysis on the feasibility and the benefits of the carrier-phase based UL positioning, we propose

Comparison of NR carrier phase-based UL positioning and GNSS carrier phase-based positioning 
In comparison with GNSS carrier-phase based positioning, the implementation of the NR carrier-phase based positioning would be much easier based on the following reasons:
a) Receiving power of NR carrier phase reference signals will be much stronger than that of GNSS carrier signals. GNSS are normally designed with the target power of above -130dBm for the entire carrier frequency bandwidth. For example, the power level of the satellite signals reaching the ground receiver is only -128.5 dBm for both Beidou B1C MEO and the GPS L1 signals. On the other hand, the power of NR reference signals will not be smaller than -100 dBm/15kHz. Given that the NR reference signal power is much stronger than that of the GNSS signal power, the NR receiver can phase-lock loop should be able to lock the NR carrier phase reference signal much faster. Also, in case phase-lock loop loses phase lock, the NR receiver can recover the phase lock faster than the GNSS receiver.
b) To obtaining GNSS carrier-phase measurements, there is a need to first wipe-off the navigation data and the PRN sequence modulated on the GNSS carrier signals. On the other hand, NR carrier phase reference signals can be pure sinusoidal signals, and there is no need to implement the wipe-off operation;
c) Wireless base stations are normally stationary on the ground, there is no need to consider the complicated mechanisms for the determination of the GNSS satellites location and antenna phase centre;
Benefits of NR carrier phase-based UL positioning
The benefits of supporting carrier-phase based UL positioning include:
· Before the resolution of the integer ambiguity, the NR carrier phase measurements can be used for:
· Determining the change of distance (and velocity) between the UE and the gNB with cm-accuracy;
· Smoothing the UL RTOA measurements for improving the UTDOA performance 
· After the resolution of the integer ambiguity, the NR carrier phase measurements can be used for:
· Determining the distance between the UE and the gNB with cm-accuracy (not counting for the impact of other error sources such as gNB clock offset);
· Determining the UE position with cm-accuracy (not counting for the impact of other error sources such as gNB clock offset or assume the gNB clock offset is eliminated by double differential or other techniques)
· NR carrier phase measurements may also be combined with the GNSS carrier phase measurements together for precise UE positioning. This may be very useful when GNSS signals of some satellites in low elevation are blocked by buildings, while GNSS signals of the satellites in high elevation are still available.  
Summary of NR carrier phase-based UL positioning
[bookmark: _Toc1138839][bookmark: _Toc534641001][bookmark: _Toc534641002]Proposal 5: Support NR carrier phase-based UL positioning. The carrier positioning reference signal (C-PRS) can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency (C-PRS modulated with random sequences can also be considered, but not discussed here). The carrier frequencies of the neighboring cells for transmitting the C-PRS will be cell dependent. The transmission of the transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier without causing inter-channel interferences to neighboring carriers.
[bookmark: _Toc1138840][bookmark: _Toc534641004]Proposal 6: Support transmiting C-PRS in two or more carrier frequencies in the UL carrier phase based positioning for supporting the fast search of the integer ambiguity. 
[bookmark: _Toc1138841]Proposal 7: Adopt the text proposal of carrier phase-based UL positioning in Appendix B for TR 38.855. 
Conclusion
In this contribution, we have discussed the potential solutions of NR RAT dependent UL positioning solutions. The following proposals are made based on the discussion, with the detailed text proposals included in Appendix A. 

Proposal 1: In comparison with LTE SRS, NR SRS is more suitable for supporting UL positioning. Since LTE SRS is already supported for UL positioning, it seems no special enhancement for NR SRS needed in the physical layer for supporting NR UL positioning in Rel-16.
Proposal 2:  No need to modify the physical layer requirement of NR SRS transmission, such as NR SRS tranmsission across multiple BWPs, for the support UL positioning in Rel-16.
Proposal 3: The beam information of the DL/UL reference signals should be included in the messges exchanged between UE, gNBs, and LMF for supporting UL positioning.
Proposal 4: Adopt the text proposal of using the beam information for UL positioning in Appendix A for TR 38.855.
Proposal 5: Support NR carrier phase-based UL positioning. The carrier positioning reference signal (C-PRS) can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency (C-PRS modulated with random sequences can also be considered, but not discussed here). The carrier frequencies of the neighboring cells for transmitting the C-PRS will be cell dependent. The transmission of the transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier without causing inter-channel interferences to neighboring carriers.
Proposal 6: Support transmiting C-PRS in two or more carrier frequencies in the UL carrier phase based positioning for supporting the fast search of the integer ambiguity.
Proposal 7: Adopt the text proposal of carrier phase-based UL positioning in Appendix B for TR 38.855.
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[bookmark: _Toc533023405]Appendices:  Text Proposals for TR 38.855 
Appendix A: Text Proposal for UL positioning with UE beam information
Section 7.1.2.x1  Beam information for supporting uplink positioning  
It is beneficial for uplink positioning to include the beam information (e.g., the beam ID, beam direction, beamwidth, etc.) of the downlink (e.g., SSB, CSI-RS) and uplink reference signals (e.g., SRS), in the messages exchanged among UE, gNB, LMF during the uplink positioning procedure. The beam information can be used for:  
· the determination of the gNBs to be involved in UTDOA positioning for the UE,
· the determination of the SRS configuration and resources for the UTDOA positioning,
· when and in which beam to receive the SRS for reducing the time and power consumption, and improving the measurement performance during the detection of the SRS, and
· the calculation of the UE location.

Appendix B: Text Proposal of C-PRS

Section 7.1.2.x2 Feasibility of NR Carrier-Phase based UL positioning
In order to meet the 5G positioning performance requirements as defined in 3GPP TS 22.261, the feasibility of NR carrier-phase based UL positioning is investigated in this SI. NR carrier phase-based UL positioning is a technique where the UE transmits the carrier phase positioning reference signals (C-PRS), and the gNBs provide the carrier phase measurements based on the measurements of the C-PRS. C-PRS can be a pure carrier wave of sinusoidal signals at a pre-configured or pre-defined carrier frequency (C-PRS that is modulated with random sequences as GNSS signals may be considered in the future release). Since C-PRS are pure sinusoidal signals, the bandwidths of C-PRS will be very narrow, depending mainly on the impairment of BS RF transmitter. Thus, the subcarrier spacing between C-PRS signals from different cells can be designed to be much smaller than the subcarrier spacing for data communication. In addition, the transmission of the C-PRS can be carried out at the edge of the carrier or the guard-band of the carrier without causing inter-channel interferences to neighbouring carriers. The C-PRS carrier frequencies for UL positioning will be UE dependent. 

In comparison with GNSS carrier-phase based positioning, the implementation of the NR carrier-phase based positioning has the following advantages:
· Receiving power of NR carrier phase reference signals is much stronger than that of GNSS carrier signals. For example, the target power of the satellite signals for the ground receiver is only -128.5 dBm within entire carrier frequency bandwidth for both Beidou B1C MEO and the GPS L1 signals. On the other hand, the target power of NR reference signals will normally not be smaller than -100 dBm/15kHz. Thus, the phase-lock loop of the receiver can lock the NR C-PRS much faster than lock the GNSS carrier signals.
· To obtaining GNSS carrier-phase measurements, there is a need to first wipe-off the GNSS navigation data and the PRN sequence modulated on the GNSS carrier signals. On the other hand, NR carrier phase reference signals can be pure sinusoidal signals, and there is no need to implement the wipe-off operation;
· Wireless base stations are normally stationary on the ground, there is no need to consider the complicated mechanisms for the determination of the GNSS satellites location, velocity, antenna phase centre, etc.;
The benefits of supporting carrier-phase based UL positioning include:
· Before the resolution of the integer ambiguity, the NR carrier phase measurements can be used for:
· Determining the change of distance (and velocity) between the UE and the gNB with cm-accuracy;
· Smoothing the UL RTOA measurement errors for improving the UL RTOA performance 
· After the resolution of the integer ambiguity, the NR carrier phase measurements can be used for:
· Determining the UE position much more accurate than using UL RTOA measurements;
· Combining the GNSS carrier phase measurements together for precise UE positioning. This may be especially useful when GNSS signals of some satellites in low elevation are blocked by buildings, while GNSS signals of the satellites in high elevation are still available. 

Section 7.1.2.x3  Integer ambiguity resolution in NR Carrier-Phase based UL positioning
In NR carrier phase-based DL positioning, the C-PRS can be transmitted in two or more carrier frequencies for supporting fast search of the integer ambiguity as discussed in R1-1900310, where the phase measurements from the C-PRS in two or more carrier frequencies are used to create the “virtual” phase measurements, which have the “virtual” wavelength much longer than the actual wavelengths of the C-PRS carriers. Depending on the configuration of the C-PRS carrier frequencies, the “virtual” wavelength can be about one-order longer than the actual carrier wavelength, which equivalently makes the search space of the “virtual” integer ambiguity of the “virtual” phase measurement about one-order smaller than the search space of the integer ambiguity of the actual phase measurements. After obtaining the “virtual” integer ambiguity, the UE position can be determined accurately by the “virtual” phase measurements. Alternatively, the “virtual” integer ambiguity can be used for further determining the integer ambiguity of the actual phase measurements and then use the actual phase measurements to obtain more accurate UE position.
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