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1. 	Introduction
The Study Item on NR Positioning Enhancements was approved at RAN#86 [1] and revised at RAN#88-e [2]. The Study 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 initial view on NR positioning enhancements required for meeting the stringent accuracy and latency targets for commercial use cases was summarized in [3]. In this contribution, we discuss the corresponding signalling and procedure enhancements required.

2. 	Overview
The potential NR Positioning Enhancements proposed in [3] to support the high accuracy, low latency, and network/device efficiency targets are summarized in the Tables below. Those items which require new/additional RAN2 signalling and procedures support are highlighted in the Tables and will be discussed further in the indicated sections. Although, the remaining items in the Tables below which are not further discussed in this contribution will have RAN2 impacts, those impacts would be usual extensions of the Rel-16 signalling and procedures such as additional information elements and fields to support the feature.
(a) NR Positioning Enhancements to support High Accuracy positioning:
	Enhancement
	Constituents
	Section

	Additional support and enhancements for UE-based positioning
	· Enhancements of assistance data (e.g. RTD enhancements, beam-shape assistance data, etc.).
· UE-based DL&UL methods (e.g., UE-Based Multi-RTT).
	3.1

	DL/UL PRS bundling in frequency/time domain
	· Essentially, an increase of reference signal bandwidth.
· DL PRS bundling in frequency domain, with considerations for both licensed and unlicensed operation and "PRS stitching" for both intra-band and inter-band scenarios.
· SRS for Positioning bundling in time domain & inter-slot SRS repetition.
	

	Kinematics constraints aware positioning
	· Reporting of motion state/kinematics constraints information for both UE-based and UE-assisted including signalling of side information/constraints on potential trajectory, path, velocity, direction of the target device. 
	3.2

	UE and/or network assistance for UE and network calibration (group delay, NW synchronization)
	· Enhancements for mitigating group delay calibration errors in Multi-RTT (e.g., differential Multi-RTT, enabling calibration gaps).
· Enhancing TDOA and Multi-RTT reporting for assisting with network synchronization.
	3.3



(b) NR Positioning Enhancements to support Low Latency positioning:
	Enhancement
	Constituents
	Section

	Low-Layer Triggered PRS & Muting
	· Low-layer (e.g., DCI, UCI, MAC-CE) triggering of DL/UL PRS
	

	Low-layer Positioning Measurement Reporting
	· Low-layer (e.g., DCI, UCI, MAC-CE) triggering and reporting of positioning measurements
	

	Measurement Gap (MG) enhancements
	· E.g., DCI/UCI/MAC-CE triggered MG, positioning-specific MG, CC/band/layer-specific MG
	

	Positioning Architecture Enhancements
	· Enhancements to positioning architecture and signalling.
	3.4

	On-demand PRS
	· Signalling & procedures to enable LMF/UE to request/recommend specific PRS configurations (e.g., on-demand ON/OFF switching, bandwidth, TRPs, beam directions)
	3.5

	[bookmark: _GoBack]Enhancements for UE-based positioning
	· (see enhancements for High Accuracy)
	



(c) NR Positioning Enhancements to improve network/device efficiency:
	Enhancement
	Constituents
	Section

	RRC idle/inactive & DRX operations for positioning
	· Transmission of UL PRS signals & reception of DL PRS signals in RRC idle/inactive
· Reporting measurements in RRC Idle/Inactive state
	

	PRS reception without MG & PRS Prioritization 
	· Measurement Gap enhancements
· PRS prioritization over other channels and procedures
	

	Usage of Existing Reference Signals	
	· Positioning measurements derived on non-positioning specific reference signals and channels (e.g. SSB, CSI-RS, TRS, SRS)
	

	On-demand PRS
	· (see enhancements for Low Latency)
	




3. 	Signalling and procedures for NR Positioning Enhancements
3.1 	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. However, UE-based mode for Multi-RTT (and UL-only) methods is not available in Rel-16. Multi-RTT positioning has the advantage that it does not require stringent network synchronization. In particular for high accuracy positioning (e.g., sub-metre level accuracy) the impact of network synchronization errors on positioning performance can be significant. E.g., the typically assumed/achievable synchronization accuracy of 50 ns [4] on the air-interface would correspond already to an error of about 15 metres! 
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.
[image: ]
Figure 1: UE-based Multi-RTT positioning procedure.

In addition to UE-based Multi-RTT support, it is also proposed in [3] to include enhancements for DL-only UE-based positioning in Rel-17, which may comprise the "leftovers" from Rel-16, 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. 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.

3.2	Kinematics constraints aware positioning
There are many scenarios, especially in (I)IoT and factory automation, where partial side-information for the motion state of the target device would be known a-priori. For example, mobile equipment moving along some pre-specified and known path (which may be re-configured); for example, a particular path in a storage depot. A factory unit issuing the "move" command may also have some information about the motion and targeted position as a function of time. Simplified examples of what may be known is that a specific target device is moving on a "cycle", or on a "straight" line, or that has a "constant speed", etc. In a UE-based scenario, if such side information is known in the network, it could be provided as assistance data to the target device, to help the device to track the position better (i.e., constraining any position estimate to these side-conditions). In an UE-assisted scenario similarly, if the target device is aware of any kinematics constraints, they can be provided to the LMF along with the location measurements for performing position calculation at the LMF. 

Examples of how to signal the side information may be as follows:
a.	The UE is attached to the tip of a robotic arm and must therefore stay within a maximum distance R of the body of the robot. The side-information can indicate the robot body position (reusing existing method of indicating UE position) and the distance R. This is a way to indicate that the UE position is constrained to a spherical volume (with indication for the centre and radius of the sphere).
b.	Indicating a more complex volume rather than the sphere of the above example: Indicate a set of points and describe the volume as the convex hull of these points.
c.	Indicate a surface, by indicating the (x,y,z) coordinates of individual points on the surface, with a certain grid resolution.
d.	Indicate a volume by indicating the bounding surface. Or a flat surface by indicating the bounding curve or polygon.
e.	Provide coefficients for one or more equations relating (x,y,z) coordinates and possibly time derivatives of (x,y,z) coordinates, e.g. 
		x2 + y2 + z2  =  r2    (robotic arm of length r, origin at the base of the arm, 2nd order coefficients all 1).
An example for an UE-assisted scenario which is already supported in LPP is the IE Sensor-MotionInformation, which provides an ordered series of points (trajectory) and which may be reported together with other location measurements (e.g., RSTD measurements). However, this is specific to Sensor positioning and supposed to provide the "exact" path as additional position measurement information. The purpose of the kinematics constraints is to provide this information as a kind of "known location uncertainty" which can be considered in the position calculation. In its simplest form, if the UE position is constrained on a single line, only one coordinate has to be determined/solved; the second coordinate would be known already from the constraint. However, the content of the IE Sensor-MotionInformation could be re-used/generalised for defining a particular example of a "position constraint" (trajectory).
A general IE could be defined which describes several possible "position constraints" as exemplified above, independent on the positioning method (i.e., common positioning). This information could be provided as Assistance Data to the target device for UE-based, but may also be used in an UE-assisted measurement report if some "position constraints" are known to the target device to assist the position calculation at the LMF.
Proposal 3:	Assistance data for defining kinematic constraints could be introduced in Rel-17.

3.3	UE and/or network assistance for UE and network calibration
The accuracy of TDOA based location depends heavily on the time base accuracy of the base stations. It should be pointed out that the effective time base for positioning is not the time base "inside" the gNB (e.g., baseband processing). What matters is the time base as observed on the air-interface, and therefore, components such as pre-amplifiers, cables, antennas, etc. contribute to the time base uncertainty. These uncertainties are usually difficult in practice to calibrate, in particular on a large-scale network. 
RTT based location does not depend on the time base accuracy of the base stations. However, RTT based location accuracy is impacted by any group delays between Rx and Tx path of the devices. Such group delays are typically measured and calibrated (for example during manufacturing). 
UE and/or TRP positioning measurements defined in Rel-16 could also be used to support network and UE calibration.  
One example would be the concurrent use of UL-/DL-TDOA and Multi-RTT measurements. Recall, that TDOA location is generally based on three quantities:
-	TDOA: The time interval that is observed by a target device between the reception of DL-PRS from two different TPs. Assume PRS from a TP 1 is received at the time t1, and the PRS from a TP 2 is received at the time t2, the TDOA value is (t2  t1). 
-	Real Time Difference (RTD): The relative synchronization difference in the network between two TPs. If TP 1 sends PRS at the time t3, and the TP 2 at the time t4, the RTD between them is (t4  t3). 
-	Geometric Time Difference (GTD): This is the time difference between the reception of PRS from two different TPs due to geometry. If the length of the propagation path between the TP 1 and the target device is d1, and the length of the path between the TP 2 and the target device is d2, then GTD = (d2  d1) / c, where c is the speed of radio waves. 
There is a simple relationship between these three quantities: TDOA = RTD + GTD.  Therefore, the network synchronization (RTDs) could be determined using TDOA and RTT measurements as illustrated in Figure 2:
RTD = TDOA  GTD																			(Eq 1)
RTD = TDOA – (RTT2 – RTT1)/2.																(Eq 2)
It is in principle already possible in Rel-16 to perform DL-/UL-TDOA and Multi-RTT positioning concurrently. However, enhancements are necessary to coordinate the measurements. The measurements should be made on the same TRPs, same resources, and same time. 
The TDOA and RTT measurements for determining the network synchronization (RTD) may not necessarily be performed by the target device; the measurements could also be performed by gNBs/TRPs. For example, if TDOAs can be measured (passively) by gNBs, and assuming the gNB antenna/signal resource reference points (coordinates) are known, the RTDs, and therefore the network synchronization offset/error, can be determined from Eq 1 without measuring RTTs and therefore without requiring any new procedure between gNBs.
 [image: ]                         
Figure 2: Illustration of network synchronization assistance measurements.
For Multi-RTT, miss-calibrated group delays in both, gNB and UE Rx-Tx Time Difference measurements could affect the positioning performance. The Rx-Tx Time Difference measurements are affected by an additional delay due to internal receiver/transmitter paths between antenna and base band processing, as illustrated by DTi in Figure 3 below. The UE measured Rx-Tx Time Difference corresponds to t3-t0. However, since there is a group delay between baseband and TX antenna, the signal at recorded time stamp t0 reaches the air interface DT0 later, denoted as t’0. Similar, the RX signal received at RX time t’3 at the antenna will be measured at baseband DT3 later. The same applies for the gNB Rx-Tx Time difference as illustrated in Figure 3. The measured RTT is then RTT = [t3 – t0] – [t2 – t1]. The desired RTT, which contains twice the propagation distance would be RTT’ = [t’3 – t’0] – [t’2 – t’1]. Thus, the desired RTT’ value includes the measured RTT together with the group delay biases:
RTT’ = RTT – DT3 – DT0 – DT1 – DT2 .
Combining the respective group delay errors associated with the UE and gNB, we can define DUE = DT3 + DT0, and DgNB = DT2 + DT1, and thus
RTT’ = RTT  – DUE – DgNB,    or
RTT = RTT’ + DUE + DgNB.
If the UE measures the RTT’s for two gNBs/TRPs, the differential RTT can be calculated (which then corresponds to distance-differences):
RTT1 = RTT’1 + DUE + DgNB1.
RTT2 = RTT’2 + DUE + DgNB2.
[bookmark: _Hlk47167558]The UE group delay error DUE may be the same for both gNB measurements (e.g., when the same antenna panels are used for measurements); however, the gNB group delays for gNB1 and gNB2 may generally be different. Assuming the gNB group delays can be calibrated, the requirements for UE calibration can be relaxed or eliminated if differential RTT is used for position calculation. Using the example above, and assuming DgNB1  DgNB2, the differential RTT would cancel the UE group delays and the measured RTT difference would be equal to the desired RTT’ difference. Performing measurement differences is in principle up to implementations. However, if the network is capable of performing measurement differences, there would be no stringent requirements for UE calibration. Since in Rel-16, minimum performance requirements for the UE Rx-Tx Time difference measurement will be specified which assumes (implicitly) calibrated UEs, additional signalling/parameter could be defined which inform the LMF about any UE group delay calibration error/residual. Similar, for UE-based as discussed in section 3.1 above, any gNB Rx-Tx Time Difference group-delay information could be provided to the UE together with the measurements. In the simplest case, this may be just a flag/single parameter which indicates to the receiving entity whether any group delay calibration has been performed or not, or which measurements experienced the same group delays. For example, if no calibration is performed by the UE, the network need to be informed that the RTT contains additional errors DUE and therefore, the network may use differential RTT for position calculation.

Proposal 4:	UE and network assistance for UE and network calibration should be introduced in Rel-17, including:
-	signalling enhancements to enable concurrent DL-/UL-TDOA and Multi-RTT positioning measurements being performed, where the measurements are performed at the same time and on same resources of the same TRPs;
-	position measurements (e.g., RSTDs) performed by a gNB/TRP of signals transmitted by gNBs/TRPs;
-	enhancements to UE and gNB Rx-Tx Time Difference measurement reports, including information about UE/gNB group delay calibration biases (e.g., whether calibrated or not, or an indication of which measurements experienced the same group delay).  

[image: ]
Figure 3: Illustration of UE and gNB group delays DTi for RTT.


3.4 	Positioning Architecture Enhancements
Positioning architecture enhancements were studied in Rel-16 (TR 38.855 [4] section 9.3.1, TR 38.856 [6]). 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 [7], with a RAN location server the amount of positioning signalling (and therefore, latency) could be reduced by more than 50% 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. 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 in particular for UL+DL positioning as summarized in [8].  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 [4],[6]) 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 4. 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 (preferably via user plane). In addition, the LSS would coordinate DL-PRS and UL-SRS (and beams) between UE and serving/neighbour TRPs (e.g., on-demand PRS as discussed in section 3.5 below). 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.

[image: ]
Figure 4: Enhanced Positioning Architecture.
An example positioning procedure is shown in Figure 5 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 5. 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).
Steps (11) – (13) may continue for periodic location. Any re-configuration of UL-SRS or DL-PRS would then be the responsibility of the LSS (for example, any beam management, etc.). Once the Location Execution Phase is completed, the LSS informs the LMF at Step (14).
A main benefit of using an LSS in the NG-RAN is potential very low latency for the execution phase of location for steps 10-13, 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 seems to have potential to achieve a latency of 100ms or less without any special optimization of network deployment.
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 [3] 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, and the user-plane-reporting may be integrated into the Time Sensitive Networking framework for IIoT.

[image: ]
Figure 5: Example Location Procedure using an LSS in the NG-RAN.

Proposal 5:	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.

3.5 	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. 
On-demand DL-PRS was already discussed during the Rel-16 NR Positioning Study Item Phase, and it was eventually agreed by RAN1 at RAN1 #AH1901NR:
NR DL PRS design for FR1 and FR2 should support:
[…]
-	Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
-	FFS signaling details
Editor's note: RAN1 is to continue discussion on signalling details for periodic and on-demand resource allocation.
[…]
However, On-Demand DL-PRS did not progress further during the NR Positioning Work Item Phase, probably primarily due to the rather large scope of the overall work item. 
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. 
Procedures to support and coordinate on-demand transmission of DL-PRS were already discussed and evaluated in [9]. Essentially, new NRPPa procedures would be required to allow an LMF to request a change of DL-PRS from a set of TRPs. 
A UE request for on-demand DL-PRS could be supported similar to on-demand SI. I.e., a msg2 or msg3 based signalling to request DL-PRS. If an LSS is available (see section 3.4 above) the serving gNB could then coordinate the DL-PRS with the neighbour gNBs/TRPs using the Xn interface. Otherwise, the serving gNB may forward the request to an LMF which, however, adds additional signalling and latency. 

Proposal 6:	Server (e.g., LMF, LSS) and UE triggered on-demand DL-PRS should be supported in Rel-17.


4.	Summary
This contributions provided our views on NR Positioning Enhancements for Rel-17, in particular from a signalling/architecture perspective.  
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:	Assistance data for defining kinematic constraints could be introduced in Rel-17.
Proposal 4:	UE and network assistance for UE and network calibration should be introduced in Rel-17, including:
-	signalling enhancements to enable concurrent DL-/UL-TDOA and Multi-RTT positioning measurements being performed, where the measurements are performed at the same time and on same resources of the same TRPs;
-	position measurements (e.g., RSTDs) performed by a gNB/TRP of signals transmitted by gNBs/TRPs;
-	enhancements to UE and gNB Rx-Tx Time Difference measurement reports, including information about UE/gNB group delay calibration biases (e.g., whether calibrated or not, or an indication of which measurements experienced the same group delay).    
Proposal 5:	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 6:	Server (e.g., LMF, LSS) and UE triggered on-demand DL-PRS should be supported in Rel-17.
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