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1 Introduction
At RAN#102-e meeting, several agreements were made with regards to the topics that need to be further investigated: 
	Agreement:
Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study
Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 
Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.
Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)
Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.
Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.
Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 
Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.
Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.



In this paper, we present our views on which of these enhancements are beneficial and need to be prioritized, along with a set of proposals that need to be looked further.
2 Overview
In the section below, we summarize a set of potential enhancements that we believe are beneficial to be specified during a Rel-17 WI timeframe for Positioning using as a starting point the available Rel-16 RAT-dependent positioning methods. We group the proposed enhancements in 3 main packages, which include aspects which will span across RAN1/2/4 WGs: 

· High Accuracy Package

	High Accuracy Package
	Proposals

	Additional support and enhancements for UE-based positioning
	Support assistance data enhancements for UE-B methods, and support UE-B Multi-RTT.


	DL/UL PRS aggregation in Frequency Domain 
	Support signaling and procedure enhancements for intra-band or inter-band frequency domain aggregation within the same FR

	gNB and UE Timing Errors Enhancements 	
	Support signaling enhancements to mitigate the effects of gNB/UE timing errors on the accuracy of timing-based methods.

	UL AoA Enhancements
	Support the reporting of multiple UL-AoAs and their corresponding Timing measurements and timetags.

	Multipath mitigation Techniques
	Support signaling of additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers for gNBs and for UEs.

	Kinematics constraints aware positioning
	Support signaling enhancements for IIoT/Factory/Warehouse scenarios with known constraints in location & motion.



· End-to-End Low Latency Package

	Layer
	Proposals

	PHY-layer Enhancements
	Support Low-layer (e.g., unicast/group-common DCI, MAC-CE) triggering of DL/UL PRS transmission/muting for DL-only and DL/UL methods.


	
	Support DCI/MAC-CE triggering of Measurement gaps (MG) for the purpose of positioning measurements 


	
	Support Enhanced PRS processing capabilities:
· Increased number of PRS resources processing per unit of time

	
	Support Low-layer (e.g. UL MAC-CE or UCI) Measurement Reporting towards the serving gNB


	
	Support enhancements in the reporting of the positioning measurements (from the UE and the gNB) to enable reporting measurements of each Measurement Occasion (MO):
· Introduce additional reporting periodicities 
· Enable multiple measurement reporting from different timestamps derived on the same TRP/PRS resources 


	
	Support partially-staggered or non-staggered DL-PRS transmissions
· Signalling enhancements for addressing potential time-domain aliasing due to the partial/non-staggering PRS should be introduced


	High-layer Enhancements
	Support Positioning Architecture Enhancements to enable End-To-End low latency



· Efficiency Package

	Efficiency Package
	Proposals

	On-demand PRS
	Support UE-initiated and network-initiated on-demand DL PRS


	RRC inactive Positioning
	Support location measurement reporting and SRS for positioning transmission during RRC Inactive state


	Usage of MIMO SRS for SRS for Positioning 
	Support reusing the MIMO-SRS for SRS for positioning for all UL positioning measurements


	PRS reception without MG & PRS Prioritization 
	Support within-Active-BWP Positioning Processing without MG, but with a PRS processing time-window




3 Improved Accuracy
Improved accuracy is one of the main targets for the NR Rel-17 Study Item. Specifically, NR Positioning in Rel-17 should evaluate and specify enhancements to meet, for general commercial use cases, a sub-meter level position accuracy (< 1 m) and, for IIoT Use Cases, a cm-level position accuracy (< 0.2 m). In the subsequent three subsections we provide our views on 4 main directions that should be studied further within the current framework of NR Rel-16 Positioning methods.
3.1 Enhancements for UE-based Positioning
It is generally understood that, in order to achieve precise positioning, hybridization may be required, not only within RAT-dependent methods, but also across RAT-dependent and RAT-independent methods. Enabling more UE-based positioning capability (e.g. support for more position methods), and ensuring continuation of enhancements would enable a more robust and efficient fusion of measurements and methods at the UE side, in which a greater number of measurements applicable to a greater number of position methods can  be combined by the UE to yield a more accurate and reliable location. In NR Rel-16, UE-based positioning was introduced only for the DL-only methods (TDOA and AoD), and even in those cases, some important enhancements (e.g. RTD drift rate, RTD per PRS resource, beam-shape information) were de-prioritized due to the high work-load.  

One of the main issues with DL-TDOA UE-based positioning is that it is sensitive to network synchronization. DL-TDOA requires very strict network sync, especially if we are trying to reach a sub-meter target accuracy in general commercial use-cases. DL-AoD-based positioning also has some significant downsides (e.g., RSRP-only driven positioning method, beam-shape data not available at the UE side). In NR Rel-16, UE-assisted Multi-RTT was introduced mainly for the purpose of relaxing the network synchronization requirements that are needed in a TDOA-based solution. Numerical evaluations show that, even with simple processing algorithms (no super-resolution, or outlier rejection, or Machine learning methods), Multi-RTT can indeed achieve significantly better performance than TDOA even when both realistic network sync and Tx/Rx group delay errors are considered.  

Therefore, in order to reap the benefits of UE-based methods in cases of realistic network synchronization, a UE-based Multi-RTT positioning method would be the most appropriate solution, in which case, a generic framework of UE-based solutions that support both UL-only and DL/UL methods may be specified. 

While UE-assisted Multi-RTT appears superior to other NR RAT dependent position methods in Rel-16 due to higher accuracy and minimal dependence on network synch, there would be additional benefits for UE-based Multi-RTT over UE-assisted Multi-RTT as follows:

· Location is available in the UE with zero extra latency
· Applies to user cases where the UE is the final client. 
· Enables improved performance of existing use cases
· Fusion with other measurement types available on the UE can improve accuracy, availability, responsiveness, integrity and overall reliability of positioning.
· Native support for Kalman filtering etc.
· Low UL overhead & Improved scalability
· If the UE is the consumer of the location information, no UL data is required at all.  Even if the UE is not the end-user of the location information, the UE location data content which is sent UL is small.  Conversely, the UE-Assisted alternative requires reporting of a multitude of measurement information UL by the UE with significantly larger data volume.  
· Make use of larger datapipe in the DL vs the UL
· Transmitting additional assistance data and UL measurements to the UE on the DL should not be a problem. 5G networks are optimized for increased downlink throughout, so the additional overhead of gNB Rx-Tx reporting to the UE would be minimal. 
It should be noted that there are already a few cases where the network sends to the UE measurements that are performed at the network side. For example: 
· the timing advance (TA) reporting: The gNB continuously measures timing of uplink signals from each UE and adjusts the uplink transmission timing by sending the value of Timing Advance (TA) to the respective UE.  
· Assistance Data for UE-based TDOA: RTD assistance data or fine-time adjustments
· Differential RTK corrections in GNSS. 
Furthermore, we highlight below a selection of additional benefits for UE-based Multi-RTT:
· Loosens the network synchronization requirements 
· Methods like UE-based DL TDOA suffer from network synchronization requirements especially as we are pushing the limit on the positioning accuracy.
· Low specification impact
· There is already specification support for the baseline Assistance data required for DL-only TDOA/DL-AoD.
· In NRPPa, support of reporting of gNB Rx-Tx measurements to the LMF from the serving and neighboring gNBs would already be part of UE-assisted Multi-RTT. The NRPPa definition of gNB Rx-Tx measurements could then be copied into LPP.
· No additional gNB impacts 
· Additional requirements for gNB Rx-Tx measurement would not be needed, in addition to those that will be specified for the purpose of UE-Assisted gNB Rx-Tx measurements in NR Rel-16.
With regards to UE-based multi-RTT positioning, one may envision the following procedure:
· the UE starts the procedure by transmitting the UL PRS (e.g. SRS) signal (when commanded/configured), which can be received by multiple gNBs in its neighborhood 
· Each gNB receives the UL PRS signal and measures the arrival time 
· Each gNB transmits a DL PRS signal
· The UE then measures the TOA of the DL PRS signal and calculates the RTTs for each gNB
· The network provides to the UE:
· the TgNB-RX,k – TgNB-TX,k
· the time-stamps  during which the reported measurements are valid (e.g., the frame number/slot number)
· the quality indicator for the UL measurement 

In all the steps above, the only difference compared to UE-Assisted M-RTT seems to be that the final recipient of the gNB measurements is the UE (instead of the LMF). This enhancement also fits naturally with the architecture enhancements suggested in Section 4.1.  

Proposal 1: Support the following enhancements for UE-based positioning: 
· UE-based DL & UL methods (i.e., UE-Based Multi-RTT) 
· Enhancements on the assistance data
· Per PRS-resource RTD assistance data 
· Per PRS-resource beam-shape assistance data

3.2 Frequency-domain DL/UL PRS bundling
The following agreements were made previous meeting with regards to the frequency domain aggregation of DL/UL PRS: 
	Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.

Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 



It is generally well known that, for timing methods (e.g. TDOA, Multi-RTT), having a larger measurement bandwidth is highly related to the TOA estimation accuracy, especially in scenarios of medium or high geometries. 
In NR Rel-16, a maximum bandwidth of 272 PRBs within a frequency layer has been specified. At the same time, up to 4 frequency layers can be configured, each one being on a same or different band. However, there is no signaling or specification support for a UE to receive multiple frequency layers and coherently and jointly process the frequency layers to increase the effective bandwidth of the received PRS. Introducing such signaling, would enable a UE to perform DL PRS measurements on the combined bandwidth and increase further the performance in specific scenarios. 
[image: ]
Considering the abundant spectrum available in both licensed and unlicensed bands, it would be beneficial for the accuracy if those resources can be exploited for positioning.   The main challenge for enabling positioning in unlicensed band comes from the uncertainty in transmission opportunity.  Specifically, the positioning signals scheduled on periodic resource may get canceled due to medium contention failure while the receiver is not aware of such incident.  Introducing signaling to convey such transmission status to the receiver would allow efficient positioning operation in unlicensed band.  Even if such information is unavailable, unlicensed positioning is still feasible for scenarios like indoor factory, where the usage of unlicensed band in the premises can be closely monitored and managed so that the system behaves like it operates in a licensed band without interruptions due to contention.  
Given that advanced algorithms can benefit from total bandwidth increase through CA whether the component carriers are contiguous in frequency or not, the bandwidth combining for positioning shall support aggregation from inter-band/intra-band carrier, lincensed or unlicensed bands, or a combination among all these options to maximize the total available bandwidth for better accuracy performance.  
In the accompanying paper [2] with the evaluation results, we demonstrate the potential gains of such methods for several scenarios (InF, UMI, InH, FR1 & FR2). We also provide results considering different level of phase offset applied to the concatenated PFLs. We make the following observations: 
· Significant gains are observed in several scenarios. It should be noted that in a few cases, such a bandwidth increase appears to be a crucial factor to meet the stricter accuracy requirements of NR rel-17 over NR Rel-16 (see for example the InF FR1 results). 
· Performance degradation is observed in some of the scenarios when there is large phase offset either at the transmit side or at the receive side. 

Proposal 2: Support enhancements to enable DL/UL PRS bundling in frequency domain in both intra-band and inter-band scenarios within the same FR, including at least the following aspects: 
· Signaling enhancements related to Timing, Phase, Power offsets, and QCL relations, amongst the PRS resources of different PFLs from the same TRP.
· Enhancements related to Measurement period, accuracy requirements, and UE capabilities for scenarios of coherent and concurrent processing of multiple PFLs from the same TRP.
3. gNB and UE Timing Errors Enhancements 		
In the previous meeting, the following agreement was made with regards to the Rx/Tx timing errors:

	Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.



With regards to UE group delay calibration, it should be noted, that in Multi-RTT, both gNB and UE Rx-Tx can be affected by mis-calibrated group delays. However, if the LMF is aware of any correlation or side information of the group delay errors existing at the UE or gNB side, then it could try to use it to enhance the Multi-RTT performance.  
[image: ]
A simple case would be when 2 separate Rx-Tx measurements, each one for a different TRP, have a same “unknown” group delay error: ,  . Then, the LMF could use the “differential RTT”, in which case the differences in the group-delay errors between the measurements matter, not the actual absolute group-delays (and therefore in the simple example here the unknown factor  would disappear). For such methods to be useful, a UE would need to be able to report information on how any group delay errors introduced in the reported measurements are associated/correlated. 
In some cases, a UE or gNB could adjust an Rx-Tx measurement by adding or subtracting (depending on the Rx-Tx sign) a previously measured or configured group delay. However, it would still be useful if the recipient of this measurement knows whether such as adjustment was performed in order to (a) avoid any further attempt at adjustment and (b) take the adjustment into account when estimating a final location accuracy. 
In a more general sense, a UE may report which measurements are associated with a a common Timing Group, e.g., if the UE can guarantee that 2 measurements are performed using the same panel in FR2, it may be able to inform the LMF that these 2 measurements have the same Rx timing error (where the “same” can be interpreted as having a timing error smaller than a threshold). In such a scenario, the LMF could actually use this “side information” to enhance the performance, by, e.g., subtracting the measurements to create differential measurements and remove the common (and unknown) bias that the measurements contain. A similar reporting could also be done by a gNB to the LMF, as a gNB may, for example, measure multiple SRS transmissions from the same UE with the same or with different panels, and thus may have the same or different group-delay errors impacting the corresponding gNB Rx-Tx measurements.
Another direction that would be useful to be studied further is to introduce calibration gaps for a UE to calibrate its own group delays: The UE could transmit a low-power signal that it also receives to try to calibrate its group-delays. RAN4 is studying (see work item description in RP-202107) the introduction of self-calibration and monitoring gaps for a variety of purposes such as PA efficiency, Tx power management, etc, and other types of self-calibration are not precluded. Thus,  group delay calibration could be a potential use case. 
Overall, we make the following proposal:
[bookmark: _Hlk40108386]Proposal 3: Support signaling, reporting and PHY-layer procedural enhancements to mitigate the degradation of the positioning accuracy in timing-based methods due to gNB and UE timing errors.
3. UL-AoA Enhancements
In the previous meeting, the following agreement was made with regards to UL-AoA enhancements:
	Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.



In the current NRPPa specification, a TRP can report the LMF only a single AoA for a specific UE. However, in several scenarios, such a report may appear to be limited, and further enhancements can be considered to improve performance. In [2] we showed such a scenario for UMI 4 GHz case (with absolute time of arrival modelled), where significant gains are expected when a TRP can report multiple AoAs and, for each AOA, multiple Timing measurements and their corresponding relative powers, to the LMF. 
Note that UMI with absolute time of arrival modelled, means that for any NLOS link, neither angles nor earliest time of arrivals are physically consistent , whereas even for the LOS links, there are always NLOS components which can make the estimation of the AoA a rather difficult job. See an example of a Power Delay/Angle Heatmap in the Figure below. Reporting to the location entity multiple AoA and timing measurements would be helpful in advanced fusing algorithms.  
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Proposal 4: Support the reporting from the gNB to the LMF, within a single report, multiple UL-AOAs from a single UE and multiple corresponding Timing measurements for each UL-AoA (e.g. RTOA and/or gNB Rx-Tx), together with their associated time-stamps.   

3. Multipath Mitigation Enhacements
In the previous meeting, the following agreement was made with regards to multipath mitigation enhancements. 
	Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.



Several techniques have been proposed during the last meeting, and the above agreement is trying to capture them in a generic format. After a variety of simulations and scenarios (InF, UMI, InH, FR1 and FR2, with and without absolute time modelling, timing + angle method fusion, etc), we make the following observations: 

Outlier rejection methods (e.g. RANSAC), which is mainly an implementation-based solution, gives significant gains in several scenarios across all the scenarios that we tried. In several of the cases, we actually meet the accuracy goals of NR Rel-17 withour requiring additional specification-affecting enhancements with regards to multipath mitigation. 

Specifically, we observed that LOS/NLOS determination, in the strict physical meaning sense (i.e., LOS is a link that hasn’t been reflected in any object in the physical space), is not useful. In short, the intuition is the following: In many of the scenarios that we tried, outlier rejection is actually perfoming much better because it exploits the NLOS links which have TOAs that are still close to the TOA of the LOS (e.g., multipath components which are produced by reflections, but they still result in TOAs that are close to the TOA of the LOS). A LOS/NLOS determination technique (e.g. polarization-based technique), would flag those links are not useful, since they are NLOS, but in reality this is a bad idea. In other words, LOS/NLOS determination is attempting to “exclude” links in a hard manner, whereas what really is needed are “soft” ways of combining all the measurements. 

Having said the above, beyond outlier rejection methods, which typically would not require additional specification support, we performed simulations that exploit the feature of additional path reporting from the gNBs and the UEs. Even though the current LPP and NRPPa specification already supports up to 2 additional path reporting, we observed that in the most difficult scnearios (e.g. UMI 4 GHz with absolute time of arrival modelling), enhancing this feature further, e.g., adding more paths together with their relative powers, provides further gains in some of the scenarios. 

Based on the above discussion and all the results appearing in [2] we make the following proposal:

Proposal 5: Support reporting from UE and the gNB to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers.

3. 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 to the network entity. For example, mobile equipment moves along some pre-specified and known path (which may be re-configured). A factory unit issuing the ‘move’ command may know about the motion and targeted position as a function of time, but it may not have the network connectivity to inform real-time position to other units than need to know about it. So, what may be known is that a specific target device is moving on a “cycle”, or on a “straight” line, or that it has a “constant speed”, etc. In a UE-based scenario, if such side information is known at the network entity, it can send it as assistance data to the UE, to help the UE to track better the position. In a UE-assisted scenario similarly, if the target device, or some other entity, is aware of any kinematics constraints, they can be forwarded to the entity performing positioning-calculation function. 

[bookmark: _Hlk47368751]Such scenarios, of known kinematics constraints that can be used as side information would be useful to be studied further, especially in NR Rel-17 where (I)IoT scenarios with very strict accuracy targets are considered. 

As an example to illustrate the improvements possible from knowledge of such constraints, consider a UE constrained to move along a horizontal line. Thus the y-coordinate of the UE position is known, and only the x-coordinate needs to be estimated. The results in [2] show the performance improvement possible from using the known y-coordinate to estimate only the x-coordinate, and similarly, from using the known x-coordinate to estimate only the y-coordinate, when compared to the usual estimation of both x and y coordinates using the Chan’s algorithm, for the Indoor hotspot (InH) and InF-DH and InF-SH scenarios in FR2. Two scenarios are considered for the case when one coordinate is known: In one scenario, the node computing the position knows the value of one of the coordinates, and only computes the other one. In another scenario, the node computing the position has no side information and computes both X and Y. However, the LCS client, i.e., the consumer of the computed (X,Y) position, knows the value of one of the coordinates, and thus ignores that one and uses only the other one. As is observed, both these scenarios provide gains relative to the case that does not exploit any kinematics awareness. The former scenario gives more gains, as expected, especially at the tail portion of the cdf. The gains are quite significant, for example:
· With y-coordinate known, the positionting error at 90th percentile in InH can be reduced from 0.071m to 0.026m.
· The positioning error at 90th percentile in InF-SH can be reduced by up to 50%. 

In a more general case, a kinematic constraint would provide some known relationship or constraint (e.g. an equation, a 3D volume, a 2D surface or a 1D line) relating or constraining the X, Y (and Z) coordinates of a UE, or possibly relating or constraining the X, Y (and Z) coordinates of the UE plus a time T. This additional relationship or constraint can be treated like an extra measurement which is known to have low or zero error.  An ensuing accuracy improvement is then inevitable.

These considerations show that kinematics constraints should be exploited when possible, and signaling support should be provided to convey these constraints from the node that knows about these constraints (which may be a UE, gNB, or LMF) to the node that computes the position (which may be the LMF or the UE).

Examples of how to signal the side information are as follows:
· 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. 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 contained to a spherical volume with indication for the center and radius of the sphere
· 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.
· Indicate a surface, by indicating the (x,y,z) coordinates of individual points on the surface, with a certain grid resolution
· Indicate a volume by indicating the bounding surface. Or a flat surface by indicating the bounding curve or polygon.
· 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).
Proposal 6: Support the reporting of additional motion state / kinematics constraints information for both UE-based and UE-assisted including, but not limited to, signaling of side information / constraints on potential trajectory, path, velocity, direction of the target device. 
4.2 PHY-layer Enhancements for Low latency
In view of the analysis in [2] and the targets for NR Rel-17 for 10 msec End-To-End latency, clear targets would need to be defined for both PHY-layer latency. We make the following proposals with regards to the PHY-layer targets and how to achieve them in the remainder sections of this paper. 
[bookmark: _Hlk47450489]Proposal 7: With regards to the PHY-layer latency targets, NR Rel-17 should target, at least in some scenarios, a PHY-layer latency of the order of   .

From the PHY-layer latency breakdown presented in [2], the following components are the most time-consuming:

Observation 1: With regards to PHY-layer latency analysis, the following components appear to be the most time-consuming:
· Measurement gap Configuration of Location-Request
· PRS availability & Alignment (e.g. Periodic PRS with long periodicity) 
· Number/length of PRS instance(s) required to be measured
· UE PRS processing time 
Following the analysis in that document, we now make the following proposals to reduce the time spent in the more time-consuming elements of PHY-layer latency in NR Rel-16 Positioning. 
4.2.1 Low-Layer DL/UL PRS & Muting Triggering
The following agreement was made in the previous meeting:

	Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 

Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.




In NR Rel-16, DL and UL PRS signals are expected to be configured periodically at periodicities of the order of several hundred ms to a few seconds. This is sufficient for the use cases which do not require low latency positioning. However, for low latency measurements, it might be significantly detrimental to wait for the next positioning measurement occasion to perform measurements (as shown in [2]).  For example, in a scenario where DL PRS is configured once every 500ms, a UE has to wait an average of 250ms and in the worst case up to 500ms before the next PRS instance can be measured. This motivates the transmission of PRS when needed by the UE. 

To reduce the latency of waiting for a PRS signal (and also not configure at a very high periodicity), supporting triggering of the transmission of PRS signals when required for the measurements is important. For example, the UE is configured with an aperiodic or semi-periodic positioning RS and the lower layer trigger determines the occurrence of the next instance(s). This enables the network to transmit DL PRS and trigger UL SRS at very short notice and indicate to the UE the presence of the transmitted PRS at such a time scale.  We thus propose the triggering of DL and UL PRS using lower layer signaling such as a DCI or MAC-CE. 

[bookmark: _Hlk47450507]Proposal 8: Support Low-layer (e.g., unicast/group-common DCI, MAC-CE) triggering of DL PRS transmission/muting for DL-only and DL/UL methods. 

4.2.2 Low-Layer Measurement Gaps (MG) Triggering
In NR Rel-16 positioning, a UE is expected to be configured with MGs to perform DL PRS measurements. The gNB may provide a MG configuration to the UE or the UE can request a MG configuration depend on the configured measurement pattern. MGs are signaled to the UE using an RRC configuration and it takes a significant amount of time for the UE to apply the indicated RRC configuration. 

As NR moves towards reduced latency positioning, there is a strong need to reduce the amount of time it takes to apply the MG configuration from the time the configuration is received. To this end, we can consider a list of MG patterns configured by the RRC but activated through the PHY/MAC layer through DCI and MAC-CE. This reduces the latency required to activate the MG and contributes to an overall lower latency. In a similar approach, the signaling enabling the UE to request an MGP from the gNB may also be specified at the lower layers.

[bookmark: _Hlk47450502]Proposal 9: Support DCI/MAC-CE triggering of Measurement gaps (MG) for the purpose of positioning measurements. 

4.2.3 Enhancements to Measurement Reporting
The following agreement was made in the previous meeting:
	Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.


4.2.3.1 Low-Layer Measurement Reporting
Another key component of end-to-end latency in UE-assisted positioning is the transmission of the RRC message (NRMeasResults) containing the UE measurements. The UE receives an RRC/NAS message triggering the positioning measurements and then constructs another RRC/NAS message with the results. Transmitting the results using lower layer messages can reduce the PHY-layer latency by several msec in some scenarios as described in [2].

[bookmark: _Hlk47450606]Proposal 10: Support reporting location information to the serving gNB using MAC-CE or UCI.
[bookmark: _Hlk40375023]
4.2.3.2 Single-Measurement Occasion Measurement Reporting
Consider the case of DL PRS measurements for which
· UE is schedule with PRS measurement, with measurement occasion (MO) of X msec
· UE is schedule send with PRS report with periodicity of 1K*X msec.
There will K Measurement Occasions (MO) between two measurement report, as shown in below diagram.

[image: ]

This is actually the setup that is currently supported in NR Rel-16. The responseTime cannot be less than 1sec in the current specification (37.355), and correspondingly at the gNB side, the reporting periodicity cannot be less than 120 msec, whereas the PRS MO can be as often as 4 msec (assuming that MG is required to encompass the PRS, then the smallest effective PRS periodicity is 20 msec in the current specification).  

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…)



Proposal 11: Support enhancements in the reporting of the positioning measurements (from the UE and the gNB) to enable reporting measurements of each Measurement Occasion (MO):
· Introduce additional reporting periodicities, 
· Enable multiple measurement reporting from different timestamps derived on the same TRP/PRS resources 

4.2.4 Positioning Measurement Timeline Enhancements 
In NR Rel-16, two main PRS processing capabilities have been specified: 

	1. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

2. Max number of DL PRS resources that UE can process in a slot under it
a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz



The fastest UE capability for PRS processing corresponds to the case of a UE which can process PRS every 8 msec (T=8 msec). Such a UE could be processing a PRS occasion with N = {0.125, 0.25, 0.5, 1, 2, 6} assuming that a UE requires at least some time after the end of a PRS occasion to finish the processing (in other words, we assume that a UE reporting (N,T)=(8,8) is not a realistic UE implementation for NR Rel-16). Based on the above and the analysis shown in [2], in order to support a PHY-layer latency of the order of [4-7] msec, we would require a UE to be able to process PRS with a periodicity of, e.g., 4 msec, and report within a few msec after the reception of a short/heavily-packed PRS occasion.  

Furthermore, if a PRS periodicity is very low, e.g. 4 msec, a PRS instance length would need to be heaviliy compressed and include all the PRS resources required to be measured, in order to reduce the PRS overhead. To do so, changes in the PRS pattern may also be needed to be considered, e.g. single-symbol PRS resources. Even for the case of single-shot/on-demand PRS instances, packing a large number of PRS resources within a short period of time is needed to reduce the latency. 

As an example, consider a PRS instance that spans 3 slots in FR1 30 KHz SCS, with periodicity of 4 msec. During these 3 slots, with comb-12, one can incude 36 PRS resources orthogonally transmitted. If there are multiple beams that need to be measured from each TRP, e.g., 4 PRS resources per TRP, even in a scenario with 18 TRPs (e.g. the InF FR1 scenarios), we would require to non-orthogonally transmit 2 PRS resources in each comb (4*18/36=2 PRS resources) using the NR rel-16 PRS pattern. Such a deployment may not be optimal and could be optimized in NR rel-17. 

Furthermore, we would to specify an advanced capability of UEs that can process, e.g., (N,T) = (1.5, 4) PRS symbols, which is a enhanced PRS Processing UE not available in NR Rel-16.  An example of such a TDD deployment with a DDDU pattern, we can envision a scenario where 37.5% of resources are used for DL PRS, 37.5% are used for data transmission, and 12.5% are for UL and SRS transmission where PRS measurements are reported every 4 msec. 

[image: ]

[bookmark: _Hlk47450590]
Proposal 12: Support Enhanced PRS processing capabilities:
· Increased number of PRS resources processing per unit of time
[bookmark: _Hlk53685225][bookmark: _GoBack]4.2.5 Partially staggered DL-PRS 
The enhancement related to partially-staggering of PRS was discussed a lot during the previous meeting. It was a topic that was also discussted technically during the NR Rel-16 NR Positioning WI. The following proposal was discussed in the previous meeting, but there was no agreement:

	FL Proposal
Partial staggering and non-staggering PRS RE mapping with different combinations of comb-factors and symbol lengths will be investigated in Rel-17, which may include, but not limited to the following
· 1-symbol DL PRS pattern
Methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering PRS.


 
Generally, a main issue with partial staggered or no-staggered PRS is the aliasing that is being introduced. However, for some specific deployment scenarios (e.g. InF), the uncertainty of the time of arrival may be low due to the increased coordination between the TRPs and the small Inter-Site-Distances. Therefore, and for the purpose of enabling including larger number of orthogonal PRS resources within a small period of time, if methods/signaling for addressing potential time-domain aliasing due to the partial/non-staggering PRS are introduced, we are supportive of this proposal. For example, if the UE is configured with partially staggered PRS under the assumption that the expectedRSTD and expectedRSTD-uncertainty are configured in such a way that the aliased peaks are outside the search window, the effects of the time-domain aliasing will be mitigated.  Therefore, we make the following proposal:

Proposal 13: Support partially-staggered or non-staggered DL-PRS transmissions
· Signalling enhancements for addressing potential time-domain aliasing due to the partial/non-staggering PRS should be introduced
4 [bookmark: _Hlk534813452]Efficiency
4.1 [bookmark: _Hlk40341723][bookmark: _Hlk47450621][bookmark: _Hlk47696534]On-demand PRS
The following agreement was made the previous meeting: 
	Agreement:
…
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· …
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 



In Rel-16, DL-PRS is an "always-on" signal. This has the following main implications:
· Unnecessary overhead, waste of energy, etc. in the case that no UE positioning is required during a particular time or in a particular area of a network. In case of beamformed DL-PRS, DL-PRS transmission in all beam sweeping directions may result in an unnecessary transmission of DL-PRSs.
· Static allocation of DL-PRS resources. A static DL-PRS resource allocation does not allow for a temporary increase of the DL-PRS resources for meeting higher positioning accuracy and/or lower latency positioning requirements in certain areas or at certain times. Equivalently, a static DL-PRS resource allocation does not allow for a decrease of DL-PRS resources in case the positioning requirements can be met with fewer DL-PRS resources.

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 DL-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 DL-PRS to obtain location measurements. 
Observation 2: Support for on demand transmission of DL-PRS could enable reduced network bandwidth usage for DL-PRS when no UEs need to acquire and measure DL-PRS and improved positioning accuracy and/or latency when one or more UEs need to acquire and measure DL-PRS.
Increased DL-PRS transmission could be simplified by being restricted to only certain DL-PRS configurations which might be configured in gNBs and/or an LMF using O&M. For example, there might be one set of DL-PRS configuration parameters corresponding to "normal" DL-PRS transmission in the absence of any request for increased DL-PRS transmission. In some networks, the "normal" DL-PRS transmission might equate to no DL-PRS transmission at all (to minimize resource usage). There could then be one or more levels of increased DL-PRS transmission each associated with a different set of DL-PRS configuration parameters such as parameters defining DL-PRS bandwidth, DL-PRS frequencies, duration of DL-PRS positioning occasions and periodicity of DL-PRS positioning occasions. The restriction of increased DL-PRS transmission to only certain sets of DL-PRS configration parameters could simplify the control and transmission of increased DL-PRS. For example, in the simplest case, DL-PRS transmission might just be turned on when needed, according to a default set of DL-PRS configuration parameters, and turned off when not needed. 
Observation 3: Increased DL-PRS transmission can be restricted to only certain sets of DL-PRS configuration parameters to simplify the control and transmission of increased DL-PRS. In a simplest case, DL-PRS transmission might be turned off when not needed and turned on when needed according some default set of DL-PRS configuration parameters.
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".
Observation 4: 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.
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.
Observation 5: Procedures for UE-triggered on-demand DL- and UL-PRS are required to support UE-based Multi-RTT positioning for UEs caused by a request from an internal UE client.
[bookmark: _Hlk40341648]Proposal 14:	Support on-demand DL PRS, including, but not limited to, the following aspects:
· Required signaling & procedures to enable a target device or the network to request/recommend specific PRS configurations (e.g., ON/OFF, bandwidth, PRS resources/sets), and/or Positioning methods.
4.2 Positioning in RRC Idle & Inactive States
[bookmark: _Hlk534972245]The following agreement was achieved in the previous meeting:

	Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)



(I)IoT devices are usually in an extended idle period frequently. Enabling positioning for such devices in idle mode may be advantageous because power consumption could be reduced. Idle/Inactive 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. 
Observation 6: DL-Only UE-based Positioning in RRC Idle and Inactive is already supported in NR Rel-16
Therefore, what is missing to enable Positioning of the remaining methods is the following: 
· For UE-assisted methods, the UE in NR Rel-16 cannot transmit the measurements during RRC Inactive nor during RRC Idle. In NR Rel-17, there is already a WI in RAN2 about Small Data transfer which focuses on data transmission during RRC Inactive only (and not RRC Idle state). It should also be understood that there is a strong relation between Positioning Reporting in RRC Inactive and the RAN2 WI in NR Rel-17 on Small Data transfer. First, duplication of work should be avoided, and second, it should be understood that enabling Positionign reporting in RRC Idle would be a completely new line of work, which cannot be looked in during this release, when even the data transfer in RRC Inactive is not specified yet. 
· Furthermore, for UL and UL+DL positioning methods, during RRC Inactive state, the UE needs to transmit an uplink signal which can be measured by the TRPs. 
Based on the above, and by considering the limited time and the amount of work that can be done within a single release, we propose to enable Positioning for all methods during RRC Inactive only and not do further enhancements to enable further RRC Idle positioning. 
Since, most of the work on the reporting of the location measurements would be done in the corresponding small data transfer WI, the aspect of transmitting SRS in RRC Inactive would have to be considered within the NR ePositioning WI, in both RAN1 and RAN2. To this end, we believe that it is a feature that can easily fit within the current framework. For example, in the small data transfer procedures, the UE may provide together with the RRC Resume Request message a Location Event Indication to the serving gNB. The serving gNB would determine the UL SRS configuration, and transmit in DL (e.g. msg4) the RRC Release together with the UL SRS config and any configuration of resources preconfigured for use for data transmission/reception after the msg4 without going into RRC connected state . The UE would start transmitting SRS and depending on this configuration (and the associated agremeents in the corresponding WI in RAN2) a UE would eventually report the measurements in an UL PUSCH while being in RRC inactive state. 
Therefore, we make the following proposal:
[bookmark: _Hlk40375042][bookmark: _Hlk47696560]Proposal 15: Support the following enhancements:
· Location measurement reporting during RRC Inactive state (overlap with the SDT WI in RAN2 should be carefully considered)
· SRS for positioning transmission during RRC Inactive state

5.3 Re-use of Existing Reference Signals
The following agreement was reached previous meeting regarding SRS enhacements: 
	Agreement:
Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study



The new reference signal for positioning that were introduced in NR Rel-16 has a lot of flexibility and could be fully optimized for its dedicated purpose.  SRS for positioning was designed to be fully staggered in most of the configurations to have a robust baseline in the first release of NR with RAT-dependent positioning. The enhancements that are being considered in the agreement above are better served by enabling reusing the“SRS for MIMO” asn an “SRS for positioning” for the following reasons:
· SRS for MIMO already supports the “non-staggered” RE mappings. 
· Reusing the SRS for MIMO for both purposes is already possible transparently to the UE in NR Rel-16. Such a transparent use of the SRS for MIMO for the purpose of positioning, even though specified in NR Rel-16, may result in bad performance if eventually deployed unless it becomes non-transparent to the UE (from RAN1 and RAN4 perspective). The reason that such “transparent use” of SRS for MIMO as an SRS for Posiitoning is not a robust solution is the fact that UEs may be using implementation-based features to transmit SRS in non-Positioning-friendly manner, e.g. by using Small Delay CDD, or by changing physical antennas transparently, precoding, etc, in ways that is beneficial for the DL/UL communication functionalities (e.g. increase diversity), but detrimental for positioning. 
· Reusing single SRS for multiple purposes would enable significant network efficiencies if this feature is specified in the right way.

Based on the above, we make the following proposal:

[bookmark: _Ref528764275][bookmark: _Ref1129460][bookmark: _Hlk40375026]Proposal 16:	For the purpose of enhanced efficiency, support reusing SRS for MIMO for the purpose of Positioning measurements.
5.4 PRS processing without MG & PRS Prioritization
In NR Rel-16 it was agreed that PRS processing is happening only within an MG. However, before restricting Rel-16 PRS processing only with an MG, some agreements were made with regards to  UEs processing PRS outside MGs, in which case, PRS reception had lower priority than any other PHY channels and signals, as written in 38.214: 

	The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.



Thus, it is up to the network to implement DL PRS transmissions such that there is no overlap with any other DL signals or channels to enable the UE to receive and process PRS transmissions. In general, the serving gNB may not be aware of the DL PRS configuration of other cells on the same frequency layer and this unavailability of information essentially compels the NR network to utilize measurement gaps for PRS measurements. In (I)IoT scenarios, where low latency, high accuracy positioning and low latency traffic is expected to be the norm, configuring frequent measurement gaps might not be a seamless way of operating NR positioning and tracking. 

To improve low latency positioning, Rel-17 should consider further DL PRS measurements without MGs at least in a few scenarios (ex. Positioning frequency layer can be measured within active BWP, cell sizes are small and timing hypothesis are within the CP duration etc.). However, even if this is enabled in NR Rel-17, the following relaxations to the UE should still be provided:
· Network should guarantee TDM transmission between PRS signals from all cells and other DL signals/channels from the serving cell. 
· The serving cell should not have the expectation that the UE will do joint processing of PRS and other signals. 
· Specifying the concept of a positioning measurement window during which the UE is only performing PRS measurements and positioning-related measurments within the active BWP would be needed. 
· During that window, if there are other procedures on-going, e.g. CSI processing from CSIRS transmitted before the PRS measurement window, should either be dropped or postponed. Similarly, if the UE has received a PDSCH and is expected to report ACK/NAK, the UE should be allowed to stop the processing of the PDSCH to start the PRS processing.
[bookmark: _Hlk47450634]
Proposal 17: Support within-Active-BWP Positioning Processing without MG, but within a PRS processing time-window which enables priotizing location measurements over other data, control and CSI-related procedures withing the active BWP. 
5 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: Support the following enhancements for UE-based positioning: 
· UE-based DL & UL methods (i.e., UE-Based Multi-RTT) 
· Enhancements on the assistance data
· Per PRS-resource RTD assistance data 
· Per PRS-resource beam-shape assistance data

Proposal 2: Support enhancements to enable DL/UL PRS bundling in frequency domain in both intra-band and inter-band scenarios within the same FR, including at least the following aspects: 
· Signaling enhancements related to Timing, Phase, Power offsets, and QCL relations, amongst the PRS resources of different PFLs from the same TRP.
· Enhancements related to Measurement period, accuracy requirements, and UE capabilities for scenarios of coherent and concurrent processing of multiple PFLs from the same TRP.
Proposal 3: Support signaling, reporting and PHY-layer procedural enhancements to mitigate the degradation of the positioning accuracy in timing-based methods due to gNB and UE timing errors.

Proposal 4: Support the reporting from the gNB to the LMF, within a single report, multiple UL-AOAs from a single UE and multiple corresponding Timing measurements for each UL-AoA (e.g. RTOA and/or gNB Rx-Tx), together with their associated time-stamps.   

Proposal 5: Support reporting from UE and the gNB to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers.

Proposal 6: Support the reporting of additional motion state / kinematics constraints information for both UE-based and UE-assisted including, but not limited to, signaling of side information / constraints on potential trajectory, path, velocity, direction of the target device. 

Proposal 7: With regards to the PHY-layer latency targets, NR Rel-17 should target, at least in some scenarios, a PHY-layer latency of the order of   .

Proposal 8: Support Low-layer (e.g., unicast/group-common DCI, MAC-CE) triggering of DL PRS transmission/muting for DL-only and DL/UL methods. 

Proposal 9: Support DCI/MAC-CE triggering of Measurement gaps (MG) for the purpose of positioning measurements. 

Proposal 10: Support reporting location information to the serving gNB using MAC-CE or UCI.

Proposal 11: Support enhancements in the reporting of the positioning measurements (from the UE and the gNB) to enable reporting measurements of each Measurement Occasion (MO):
· Introduce additional reporting periodicities, 
· Enable multiple measurement reporting from different timestamps derived on the same TRP/PRS resources 

Proposal 12: Support Enhanced PRS processing capabilities:
· Increased number of PRS resources processing per unit of time

Proposal 13: Support partially-staggered or no-staggered DL-PRS transmissions
· Signalling enhancements for addressing potential time-domain aliasing due to the partial/non-staggering PRS should be introduced

Proposal 14:	Support on-demand DL PRS, including, but not limited to, the following aspects:
· Required signaling & procedures to enable a target device or the network to request/recommend specific PRS configurations (e.g., ON/OFF, bandwidth, PRS resources/sets), and/or Positioning methods.

Proposal 15: Support the following enhancements:
· Location measurement reporting during RRC Inactive state (overlap with the SDT WI in RAN2 should be carefully considered)
· SRS for positioning transmission during RRC Inactive state

Proposal 16:	For the purpose of enhanced efficiency, support reusing SRS for MIMO for the purpose of Positioning measurements.
Proposal 17: Support within-Active-BWP Positioning Processing without MG, but within a PRS processing time-window which enables priotizing location measurements over other data, control and CSI-related procedures withing the active BWP.
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demand corresponds to the UE


-


initiated or network


-


initiated request of PRS an


d/or SRS. So, it is NOT the same as whether PRS is DCI


-


triggered or MAC


-


CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 


 


Agreement:


 


·


 


Multipath mitigation techniques will be investigated


 


in this SI for improving positioning accuracy, which may include, but not limited to the 


following:


 


o


 


The applicable scenarios and performance benefits of multipath mitigation techniques 


 


o


 


The methods/measurement/signaling for the LOS/NLOS detection and iden


tification


 


o


 


The measurements for supporting the multipath mitigation/utilization


 


o


 


The procedure and signaling for supporting the multipath mitigation/utilization


 


o


 


Implementation


-


based solutions (e.g., outlier rejection) without the need of any 


additional specified 


method/measurements/procedures/signaling.


 


·


 


Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE


-


based and UE


-


assisted positioning.


 


Agreement:


 


·


 


NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACT


IVE state will be investigated in Rel


-


17, including the benefits on 


latency, network/UE efficiency and UE power consumption


 


·


 


FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi


-


RTT


 


·


 


FFS: the de


tails of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state


 


o


 


Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)


 


o


 


Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS trans


mission, etc.)


 


Agreement:


 


·


 


For reducing NR positioning latency, more efficient signaling


 


& procedures will be investigated to enable a device to request and report 


positioning information, which may include, but not limited to, the following aspects:


 


o


 


DL PRS/UL SRS configuration, activation or triggering.


 


o


 


The request for positioning informatio


n (the assistance data, etc.).


 


o


 


The report of positioning information (the measurement report, etc.).


 


·


 


Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & 


procedures. 


 


·


 


Note: RAN1 does n


ot make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.


 


Agreement:


 


·


 


Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for


 


both intra


-


band and 


inter


-


band scenarios will be investigated in Rel


-


17, which may take into account at least the following


 


·


 


The scenarios and performance benefits of aggregating multiple DL positioning frequency layers


 


·


 


The impact of channel spacing, timing offset, phase offse


t, frequency error, and power imbalance among CCs to the positioning performance 


for intra


-


band contiguous/ non


-


contiguous and inter


-


band scenarios


 


·


 


UE complexity considerations


 


·


 


Note: What is captured in the TR will be discussed separately.


 


Agreement:


 


Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slot


s can be investigated 


in Rel


-


17, which may consider 


 


·


 


The scenarios and performance benefits of the enhancement
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