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1. 	Introduction
The Study Item on NR Positioning Enhancements [1] includes the following objective relevant for RAN2:
1.	Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
[…]
c.	Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
Our view on NR positioning enhancements required for meeting the stringent accuracy and latency targets for commercial use cases is summarized in [2]. 
In this contribution, we focus on  the enhancements affecting primarily RAN2, and therefore, can be discussed in RAN2 directly without waiting for further progress in RAN1. The items which affect RAN2 only (or primarily) and discussed in this contribution are the following:
(a)	Additional support and enhancements for UE-based positioning.
(b)	Positioning Architecture and Signalling Enhancements.
(c)	On-demand DL- and UL-PRS (SRS).
(d)	Positioning support in RRC Inactive State.

2. 	Additional support and enhancements for UE-based positioning
UE-based positioning mode is supported in Rel-16 for DL-AoD and DL-TDOA positioning methods. One of the main drawbacks with DL-TDOA positioning is the sensitivity to network synchronization. DL-TDOA has stringent network synchronization requirements, in particular for high accuracy positioning (e.g., the typically assumed/achievable synchronization accuracy of 50 ns [3] on the air-interface would correspond already to an error of about 15 metres). DL-AoD positioning on the other hand requires the availability of detailed beamshape information which may be difficult to obtain and maintain in practice and is not supported in Rel-16 (for both, UE-assisted and UE-based).    
Multi-RTT positioning has the advantage that it does not require stringent network synchronization. Numerical evaluations show that, even with simple processing algorithms, Multi-RTT can achieve significantly better performance than TDOA [4].  
The benefits of UE-based mode have been discussed already in e.g., [5] and are generally independent of a particular positioning method. These benefits comprise: 
-	Low latency, low UL overhead, improved scalability; in particular if the LCS Client resides in the target device.
-	Tight integration with location related applications (e.g. where location and velocity may need to be updated frequently (such as for navigation/tracking applications)). 
-	Improved performance by combining various position sources ("hybrid positioning") via tight integration in the measurement domain (e.g., hybridization with sensor (IMU) measurements, etc.).
Multi-RTT positioning requires both, DL and UL measurements. In UE-assisted mode, these measurements are combined at an LMF to determine the RTT for position calculation. Therefore, for UE-based Multi-RTT additional support (compared to Rel-16) is required for providing the UL measurements (specifically the gNB Rx-Tx Time Difference measurements) to the target device. This could be accomplished by using the LPP Assistance Data Delivery procedure, which allows the server to provide (unsolicited) NR-Multi-RTT-ProvideAssistanceData messages to the target. This assistance data delivery can be further enhanced by reusing the already specified periodic assistance data transfer procedure to provide continuous location updates at the target device for navigation/tracking applications. Currently, the periodic assistance data transfer procedure is supported for HA-GNSS only. However, this procedure is equally applicable to UE-based Multi-RTT. I.e., for HA-GNSS positioning the periodic assistance data transfer procedure may provide GNSS reference receiver measurements to the target device; for Multi-RTT positioning the same procedure could provide the TRP measurements to the target device. 
Figure 1 below illustrates the UE-based Multi-RTT positioning procedure. The Steps 0 – 10  and 13 (as well as 14/16 for periodic reporting) are the same as for UE-assisted mode as described in TS 38.305. The TRP measurements (e.g., gNB Rx-Tx Time Difference) are provided at Step 12 to the target device. In case of periodic positioning, the control transaction at Step 11 provides the periodic control parameters for the delivery in the same way as currently specified for HA-GNSS. Steps 14/15/16 would then continue the periodic delivery and reporting. Steps 8/13/16 would not be needed for an LCS Client residing in the target device and the remaining steps could be the result of an MO-LR initiation.
The procedure in Figure 1 also supports UL-only UE-based positioning in which case steps 7 and 9a are not performed. There are no additional requirements for the positioning measurements; e.g., gNB Rx-Tx Time difference measurements and reporting. The only impact is for RAN2 to allow the (periodic) assistance data delivery procedure providing additional measurements to the target device. Therefore, the overall impacts are rather minor and restricted to RAN2 LPP enhancements.
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Figure 1: UE-based Multi-RTT positioning procedure.

In addition to UE-based Multi-RTT support, it is also proposed in [2] to include enhancements for DL-only UE-based positioning in Rel-17, such as adding support for beam-shape information in the assistance data and additional information for the RTD’s such as RTD’s per DL-PRS Resource and RTD drift rates, etc., as already discussed during Rel-16 and available in other standards (e.g., UMTS, LPPe). However, the RAN2 impacts for this are also rather minor and straightforward. Instead of providing an estimate of the time behaviour of the RTD (drift rate), it may be preferred to provide the timing changes per individual TRP. Since the RTD is the timing difference between a neighbour and a reference TRP, a change/drift of the reference TRP timing would affect all the RTDs, even if there is no neighbour TRP timing change/drift (e.g., the frequency/clock requirements are different for different classes of gNBs (e.g., 0.05 ppm for wide area BSs and 0.1 ppm for medium range or local are BSs (TS 38.133)). 

Proposal 1:	UE-based Multi-RTT should be supported in Rel-17.
Proposal 2:	Enhancements to DL-only UE-based positioning should be supported in Rel-17, including
-	support for RTD assistance data per DL-PRS Resource;
-	support for timing drift rate assistance data per TRP (to determine RTD drift rate at the target device);
-	support for beam-shape information in the assistance data.

Both proposals above essentially require only small enhancements to the LPP Provide Assistance Data messages.


3. 	Positioning Architecture and Signalling Enhancements
Positioning architecture enhancements were studied in Rel-16 (TR 38.855 [6] section 9.3.1, TR 38.856 [7]). By moving the location server to the NG-RAN the number of signalling hops (and therefore, the complexity and latency) can be reduced significantly. As shown in [8], location server functionality in the RAN (e.g., LMC) could reduce the positioning procedure latency between 41% and 61% compared to a 5GC LMF.
 In addition, a RAN-based location server would better support RAT-dependent NR positioning since access to radio related information is typically restricted for access outside of the RAN. For example, any positioning beam management can be naturally better supported in the RAN instead of the core network. Detailed beam-shape information (e.g., direction-power profile/beam-pattern for angle based methods) is usually known in the gNB only and cannot be provided to an LMF in Rel-16. Further, the Rel-16 positioning SRS configuration is decided/controlled by the RAN, whereas the DL-PRS configuration is configured by an LMF in the core network, which results in additional signalling overhead. Any coordination between UL and DL measurements could be better supported if a single entity is in control of the e.g., positioning signal and beam coordination. However, a location server in the NG-RAN (referred to as Location Management Component (LMC) in [6],[7]) was not agreed for Rel-16. 
In order to reduce latency and better support NR positioning a "full" location server functionality would not necessarily be required in the NG-RAN. The RAN location server functionality could be restricted to radio related coordination and signalling as well as to position calculation. In order to distinguish this reduced NG-RAN location server from an LMC considered in Rel-16, the term "Location Server Surrogate" (LSS) is used in the following. The enhanced positioning architecture is illustrated in Figure 2. The LSS in the gNB receives measurements from the UE and/or TRPs, calculates a location (for UE assisted mode) and sends a location to a UE or external client via user plane. In addition, the LSS would coordinate DL-PRS and UL-SRS (and beams) between UE and serving/neighbour TRPs. The LMF would still receive and process the location requests, decide on the location methods, and perform the UE and TRP configurations, etc.. However, the responsibility for the location processing/calculation and location delivery to the client would be transferred from the LMF to the LSS.
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Figure 2: Enhanced Positioning Architecture.
An example positioning procedure is shown in Figure 3 below, using the Multi-RTT procedure described in TS 38.305 as baseline (UL-only and DL-only positioning would use a sub-set of this procedure). The location procedure can be divided into a Location Preparation Phase and a Location Execution Phase. The Location Preparation Phase in Steps (0) – (9) are the same as defined in Rel-16 with the addition of Step (5). At Step (5), the LMF assigns the LSS in the serving gNB and provides required location context to the LSS. The location context may include the DL-PRS and UL-SRS configurations and an address of the external client. 
If the LSS assignment is successful, the UE and TRP location reports would then be sent to the LSS as shown by Steps (11) and (12) in Figure 3. The messages can be the same LPP and NRPPa messages as defined in Rel-16 but transported in a RRC and XnAP transfer message, respectively. In case of UE-assisted mode, the LSS would calculate the UE location and provide the result to the external client via user plane as shown in Step (13). Once the Location Execution Phase is completed, the LSS informs the LMF at Step (14).
The LSS could have a permanent (e.g. secure TLS) IP, UDP/IP or TCP/IP connection to the UP router and the UP router could have a secure IP connection to the external client. Thus a location report can be transferred in 2 stages to an external client with routing occurring at an IP, UDP or TCP level.
The signaling steps for the location preparation phase in Figure 3 could be perfomed in advance of when it is needed. There could be a time T defined in advance at which location will be obtained. The latency for the positioning procedure can then start from this time T. 
This also reduces new impacts by retaining a 5GCN LMF for location coordination and management prior to time T. The LSS is used for the location execution phase (which occur after time T) and the LMF is used for the location preparation phase (before time T).
Mobility can be supported similar to an LMC as already discussed in [9]. The LSS can remain in the original serving gNB. The UL measurements from neighbour gNBs/TRPs can be sent to the original serving gNB and LSS. For UL LPP messages, the current serving gNB can forward the LPP messages to the original serving gNB/LSS ("anchor LSS") using XnAP (e.g., the UE can include the original serving gNB/LSS ID in the RRC transfer message). For DL LPP messages, the LSS needs to be kept updated with the ID of the current serving gNB/LSS which will enable the LSS to send a DL LPP message to the current serving gNB using XnAP for forwarding to the UE using RRC. Alternatively, LSS relocation can be defined by moving the location context from the old serving gNB to the new one [9].
A main benefit of using an LSS in the NG-RAN is the very low latency for the execution phase of location for steps 10-13 as shown in [8], since delays associating with signaling to the LMF and within the 5GCN are no longer present. This means that a location estimate delivered to an external client would more accurately correspond to the current location of the target UE (at the time of location delivery to the external client) even when the UE is moving. This can achieve a latency of 100ms or less without any special optimization of network deployment [8].
For ultra-low latency as required in Rel-17, the UE location reports at Step (12) may be sent by lower layer as proposed in [2] to the LSS, in particular in case of UE-based mode (since only location coordinates need to be reported). The LSS would then only have to forward the location to the client via user plane. Another possibility would be that the UE reports the location estimate directly to the client via user plane. The user plane reporting may be integrated into the Time Sensitive Networking framework for IIoT.
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Figure 3: Example Location Procedure using an LSS in the NG-RAN.

Proposal 3:	Location server functionality (referred to as "Location Server Surrogate" (LSS)) should be supported in the gNB for Rel-17 which includes at least the following functions:
-	Collecting UE and TRP measurement reports;
-	performing position calculation (in case of UE-assisted mode);
-	reporting UE location estimates to (external) clients.


3. 	On-Demand DL-PRS
In Rel-16, DL-PRS is an "always-on" signal. This obviously creates unnecessary overhead, waste of energy, etc. in case no UE positioning is required during a particular time. It also means additional latency at a target UE in waiting for DL-PRS positioining occasions when a network operator has restricted the amount of resources allocated to DL-PRS. On-Demand DL-PRS refers to the capability to allow a UE or LMF to request DL-PRS for positioning measurements or a change in available DL-PRS such as an increase in resources assigned for DL-PRS transmission (e.g. increased bandwidth, increased duration of positioning occasions and/or increased frequency of positioning occasions, etc.) and possibly to indicate when (increased) DL-PRS transmission is no longer needed. The benefits of this can include reduced network bandwidth usage for DL-PRS when no UEs need to acquire and measure PRS in a particular cell or group of cells and improved positioning accuracy and/or latency when one or more UEs need to acquire and measure PRS to obtain location measurements. 
Increased DL-PRS transmission could be simplified by being restricted to only certain PRS configurations which might be configured in gNBs and/or an LMF using O&M. For example, there might be one set of PRS configuration parameters corresponding to "normal" PRS transmission in the absence of any request for increased PRS transmission. In some networks, the "normal" PRS transmission might equate to no PRS transmission at all (to minimize resource usage). There could then be one or more levels of increased PRS transmission each associated with a different set of PRS configuration parameters such as parameters defining PRS bandwidth, PRS frequencies, duration of PRS positioning occasions and periodicity of PRS positioning occasions. The restriction of increased PRS transmission to only certain sets of PRS configration parameters could simplify the control and transmission of increased PRS. For example, in the simplest case, PRS transmission might just be turned on when needed, according to a default set of PRS configuration parameters, and turned off when not needed. 
On-demand DL-PRS can have implication for UE-based positioning caused by a request from an internal UE client. When an application residing in the UE requires a location, there may be no (or not sufficient) DL-PRS resources available; e.g., all gNBs located around the UE location may have the DL-PRS "turned-off".
For multi-RTT positioning, a UE requires both, DL-PRS and UL-PRS (aka SRS for positioning) in order to perform the positioning measurements. When an internal UE client requests a location, the UE (and TRPs) may not have been configured with a desired UL-PRS; e.g., with desired periodicity, bandwidth, duration, etc. as needed in order to fulfil the location request from the UE internal client.
Therefore, procedures for UE-triggered on-demand DL-PRS are required to support UE-based positioning for UEs caused by a request from an internal UE client.
Procedures to support UE and network triggered on-demand PRS are proposed in our companion contribution [10]. New NRPPa procedures would be required to allow an LMF to request a change of DL-PRS from a set of TRPs. For UE triggered on-demand PRS with the MO-LR procedure only one additional parameter in the Rel-16 Request Assistance Data messages (e.g., additional parameter on desired UL-/DL-PRS configuration) would be required. 

Proposal 4:	Server (e.g., LMF, LSS) and UE triggered on-demand DL-PRS and UL-PRS (SRS) should be supported in Rel-17.

3.6 	Positioning in RRC Inactive State
(I)IoT devices are usually in an extended idle period frequently. Enabling positioning for such devices in idle mode would be advantageous because power consumption and latency could be reduced (since the signalling required to enter RRC connected state would not be needed). Idle mode positioning comprises at least two aspects:
(a)	The ability to perfom positioning measurements in RRC idle/inactive mode;
(b)	The ability of reporting positioning measurements/location estimate in RRC idle/inactive mode.
Performing positioning measurements in idle mode can in principle be supported in Rel-16 for DL-only positioning methods and if the necessary assistance data are available via broadcast. For UL and UL+DL positioning methods, the UE needs to transmit uplink SRS which can be measured by the TRPs.  
One way of positioning reporting in idle mode is already specified in Rel-16. TS 23.273 [11], section 6.7 specifies low power periodic and triggered MT-LR procedures exploiting the Early Data Transmission (EDT) feature, introduced in Rel-15 specifically for eMTC/NB-IoT.
The work on "Small Data Transmission" in NR is currently ongoing in RAN2 and intended to be more general in scope. For example, EDT in LTE can only provide data that can be included in msg3 of the RACH procedure. If the UE has more data to send connected mode would be required. The possibility of continuing data exchange after RACH procedure without switching to RRC connected is attractive for NR positioning since UE measurement reports for UE-assisted mode can be rather big. In addition, it can also enable UL- and UL+DL positioning in inactive mode as shown in [8]. 
NR Positioning in Rel-17 could exploit the SDT feature (limited to RRC inactive state). As shown in [8], positioning measurement and reporting in RRC inactive state would reduce latency, since LCS Event Reports can be piggybacked to the RACH procedures and state transition to RRC connecetd state would not be needed. 

Proposal 5:	Positioning in RRC inactive state should be supported in Rel-17 by exploiting the SDT feature;  			including support for DL-, UL-, and UL+DL positioning methods.


4.	Summary
This contribution provided our views on those NR Positioning Enhancements for Rel-17 which could be decided by RAN2 directly (e.g., without waiting for further progress in RAN1).
The following proposals are made.
Proposal 1:	UE-based Multi-RTT should be supported in Rel-17.
Proposal 2:	Enhancements to DL-only UE-based positioning should be supported in Rel-17, including
-	support for RTD assistance data per DL-PRS Resource;
-	support for timing drift rate assistance data per TRP (to determine RTD drift rate at the target device);
-	support for beam-shape information in the assistance data.
Proposal 3:	Location server functionality (referred to as "Location Server Surrogate" (LSS)) should be supported in the gNB for Rel-17 which includes at least the following functions:
-	Collecting UE and TRP measurement reports;
-	performing position calculation (in case of UE-assisted mode);
-	reporting UE location estimates to (external) clients.
Proposal 4:	Server (e.g., LMF, LSS) and UE triggered on-demand DL-PRS and UL-PRS (SRS) should be supported in Rel-17.
Proposal 5:	Positioning in RRC inactive mode should be supported in Rel-17 by exploiting the SDT feature;  			including support for DL-, UL-, and UL+DL positioning methods.
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