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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
Study on NR positioning support was approved as a new study item in RAN plenary #80 [1] . The objective of this study item is to evaluate potential solutions to address NR positioning requirements as defined in TR 38.913, TS 22.261, TR 22.872 and TR 22.804 while considering E911 requirements by analyzing positioning accuracy (including latitude, longitude and altitude), availability, reliability, latency, network synchronization requirements and/or UE/gNB complexity to perform positioning, and taking into account a preference to maximize synergy where possible with existing positioning support for E-UTRAN. 
In addition to the positioning requirements for regulatory use cases, the initial positioning requirements for commercial use cases were defined in RAN1 #95 [2] :
· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
· Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios
· Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
· Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
· End to end latency < 1s
In RAN1 Adhoc meeting 1901 [3] , the following agreements on uplink-based positioning techniques for NR were made:
· 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
· 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
· 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

This contribution describes our views on uplink-based positioning by considering the aforementioned agreements.
2. Discussion
One of the most common uplink-based positioning in a cellular system (e.g. LTE) is known as UTDOA (Uplink Time Different of Arrival). Here the UE transmits reference signal (e.g. SRS), the signal is received by the base-station (e.g. eNB) and potentially in a dedicated location measurement unit (LMU). LMU can be collocated at the eNB. The LMU estimates the time or arrival (ToA) and reports it to a location server (e.g. E-SMLC). E-SMLC requires at least 3 LMUs provides ToA in order to estimate UE position using trilateration, or multilateration (if at least 3 base-stations are used for measurements). This process is illustrated in Figure 1(A). Here, both UE and eNB are expected to use omni-directional antennas. 

It is known that in 5G NR, especially in mmWave frequency (FR2 frequency band), both gNB and UE use a directional (narrow) beam. Typically, the UE and its serving gNB could maintain a proper beam direction. With the angular information it is possible to use triangulation and improve the accuracy. However, the 5G NR specification has not defined the controlling of neighbor gNB Rx beam for SRS reception of a selected UE. This is illustrated in Figure 1 (B). Here, the neighbor gNBs direction are uncontrolled/uncoordinated. Thus, UTDOA with triangulation may not be performed at LS. In FR1, the UE may be equipped with an omnidirectional antenna and thus the beam-alignment requirement may not be as stringent as in FR2. However, the gNB may still be equipped with directional antenna. Thus, the beam coordination in NR FR1 may still be required.
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[bookmark: _Ref536189497]Figure 1: (A) Legacy LTE UTDOA positioning with omni-directional beams (B) with un-coordinated directional beams

Observation 1: Beam coordination between UE transmit beam and one or more gNB/LMU(s) receive beam is essential in uplink-based NR positioning. 

In order to assist beam coordination for uplink-based positioning, we consider to use the downlink measurement information. NR downlink measurement mechanism has been established/defined in NR rel.15. It is typically performed by the UE to measure the channel quality (e.g. RSRP) of serving gNB and neighbor gNBs. The UE measures RSRP from each surrounding gNBs within a predefined interval and duration. Moreover, the UE can also collect information on the best gNB transmit beam. Based on the downlink measurement in NR rel.15, the UE is basically has collected information related to the surrounding cells, such as channel quality and beam direction. Furthermore, this information can be used by the UE without extra efforts for the uplink-based positioning, particularly for beam coordination purpose.

Proposal 1: Consider to use downlink measurement information of one or more gNBs for the uplink-based positioning.

It has been agreed to consider NR UL SRS as a starting point for design and analysis of UL PRS. In NR rel.15, UE determines the legacy NR UL SRS transmit power based on RSRP of serving gNB. Considering uplink-based positioning requires more than one gNB, the UL SRS should be able to reach multiple gNB/LMUs. This can be achieved by proper UE UL SRS configuration on transmit power and beam direction of both transmitter and receiver. The usage of downlink measurement information as mentioned earlier can facilitate the UE to perform uplink-based positioning. 

We consider the receive beam of gNB/LMUs should also be configured so that it can receive the UE UL SRS for positioning. In this context, a positioning server can inform the appropriate gNB/LMUs to prepare a specific receive beam to receive UE UL SRS for positioning. The appropriate gNB/LMUs is typically the nearest gNB/LMUs to the UE. Furthermore, the positioning server will rely on the UE reports on downlink measurement information in order to facilitate this operation.

NR positioning has both regulatory and commercial requirements. The initial commercial requirements were identified as previously mentioned. It is expected there will be more demanding commercial requirements as indicated in [4] where the positioning service levels are defined. The positioning accuracy can be down to sub-meter level. We consider this may determine the number of gNB/LMUs to support uplink-based positioning. A tighter positioning requirement is expected to require many surrounding gNB/LMUs and vice versa. Thus, it would be beneficial that the UE reports contain downlink measurement information from selected gNB and/or downlink measurement quality results. Any neighbour gNB with a weak measurement result is not necessarily to be included in the UE reports as it will not bring substantial advantage for the uplink positioning. This operation will also ensure a compact UE report format.

Proposal 2: The UE reports selected downlink measurement information depending on the positioning accuracy and/or downlink measurement quality result. 

In our view, downlink measurement information is essential element in uplink-based positioning. First, it is used to determine UL SRS for positioning configuration, such as transmit power and beam direction. Depending on the targeted gNB/LMUs, the UL SRS for positioning can be configured to transmit in one or multiple beam directions. Secondly, it is used to determine the selected gNB/LMUs to receive the UE UL SRS and also the receive beam of that gNB/LMUs. 

Proposal 3: The uplink positioning reference signal (UL-PRS) configuration and gNB/LMUs receive beam are determined based on the UE reports on selected downlink measurement information.



3. Conclusion 
In this contribution, we discussed our view on uplink-based positioning particularly on the beam-coordination mechanism between UE and gNB/LMUs. We have made the following observations and proposals:

Observation 1: Beam coordination between UE transmit beam and one or more gNB/LMU(s) receive beam is essential in uplink-based NR positioning. 

Proposal 1: Consider to use downlink measurement information of one or more gNBs for the uplink-based positioning.

Proposal 2: The UE reports selected downlink measurement information depending on the positioning accuracy and/or downlink measurement quality result. 

Proposal 3: The uplink positioning reference signal (UL-PRS) configuration and gNB/LMUs receive beam are determined based on the UE reports on selected downlink measurement information.
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