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1 Introduction
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [1]. From RAN1’s perspective, the SI includes the following objectives:
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)):
0. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
0. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
0. 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]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

In this paper, we present our views on the potential enhancements that the NR Rel-17 SI on positioning should target. 
2 Overview
Historically, the main driver for location-based services has been requirements from regulatory authorities. However, today, many public and private entities demand delivery of location information to enable commercially motivated location based services, which often require higher location accuracy and precision.  To address the diverse location requirements resulting from new applications and industry verticals, 3GPP NR Release-16 added the support of multiple NR native positioning technologies (RAT-dependent methods), including methods based on 
· time difference of arrival (TDOA) measurements, 
· round-trip time (RTT) measurements with multiple base stations (Multi-RTT), 
· angle of arrival (AoA) or Angle of Departure (AoD) measurements. 

New NR positioning reference signals (DL PRS and SRS for Positioning) were defined to improve the performance of the NR positioning technologies which included a variety of configurations to address many different scenarios and deployments. Furthermore, additional positioning enhancements were specified to enhance the overall experience, facilitate expansion into vertical markets and improve performance, which include the following: 
· support for UE-based NR DL-only positioning, 
· broadcast of location assistance data,
· enhancements to the location services architecture, 
· additional GNSS assistance data to support high accuracy location

With the needs of diverse industry verticals in mind, the NR Rel-17 SI plans to look into methods, techniques, signaling and procedures to study the following 4 general directions: improved accuracy, reduced latency, network efficiency and device efficiency. 

In the table below, we summarize a set of potential enhancements that we believe should be studied further during this Rel-17 SI for Positioning using as a starting point the available Rel-16 RAT-dependent positioning methods. 
	Potential Enhancements
	High accuracy
	low latency
	network efficiency
	device efficiency

	Additional support and enhancements for UE-based positioning
	
	
	
	

	DL/UL PRS bundling in frequency/Time Domain
	
	
	
	

	UE and/or network assistance for UE and network calibration (group delay, NW synchronization)
	
	
	
	

	Kinematics constraints aware positioning
	
	
	
	

	Low-Layer DL/UL PRS triggering & On-demand PRS, Positioning reporting
	
	
	
	

	Architecture and Signalling Enhancements for low latency Positioning
	
	
	
	

	Usage of Existing DL RS for Positioning
	
	
	
	

	RRC idle/inactive & DRX operations for DL, UL and DL & UL Positioning methods
	
	
	
	



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 3 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, it may require hybridization, non only within RAT-dependent methods, but also across RAT-dependent and RAT-independent methods. Enabling further UE-based positioning, and ensuring continuation of enhancements would enable a much more robust and efficient fusion of measurements and methods at the UE side. 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. 

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 on the other hand 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. Simulations results added in this paper show, even with simple processing algorithms (no super-resolution, or outlier rejection methods, or Machine learning methods) that Multi-RTT can indeed achieve significantly better performance than TDOA even when realistic network sync errors and group delay errors are considered for both methods.  

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. 

Specifically, we would like to highlight a selection of benefits for UE-based Multi-RTT over UE-assisted Multi-RTT:
· 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 is small.  Conversely, the UE-Assisted alternative requires reporting of a multitude of measurement information with significantly larger data volume.  
· Make use of larger datapipe in the DL vs the UL
· Transmitting additional assistance data 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 that a network sends to the UE measurements that are performed at the network side. For example: 
· the timing advance reporting: The gNB continuously measures timing of uplink signal from each UE and adjusts the uplink transmission timing by sending the value of Timing Advance to the respective UE.  
· Assistance Data for UE-based TDOA: RTD assistance data or fine-time adjustments
· Differential RTK corrections
Furthermore, we would like to highlight a selection of benefits for UE-based Multi-RTT over UE-based DL-only positioning:
· Loosens the network synchronization requirements 
· UE-based TDOA still suffers from the 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. 
· Same requirements for the gNBs as those for UE-Assisted Multi-RTT
· Additional requirements for gNB Rx-Tx 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.
For UE-based multi-RTT positioning, one may envision the following procedure:
· the UE starts the procedure by transmitting the UL PRS signal (when commanded), which can be received by multiple gNBs in its neighborhood 
· Each gNB receives the UL PRS signals 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: At least for the purpose of improved accuracy, additional support and enhancements for UE-based positioning should be studied, including, but not limited to:
· Enhancements of the assistance data (e.g. RTD enhancements, beam-shape assistance data)
· UE-based DL & UL methods (e.g., UE-Based Multi-RTT) 

3.2 Time/frequency PRS bundling
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: ]
Consider the abundant spectrum available in unlicensed band, it would be beneficial for the accuracy if those resource 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.  
As a first example in FR1 UMI, using the simulation assumptions of NR Rel-16 Positioning, and with a baseline link-quality based algorithm, we observe the following CDF of the absolute errors of the TOA across all the UEs for the LOS links as we increase the bandwidth in an intra-band CA scenario. We observe that for a large percentage of the links, increasing the bandwidth indeed results to a clear increase in TOA estimation performance. For a ~20% of the links however this is not happening, due to the fact that these links are SNR limited rather than Bandwidth limited. 
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Figure 3‑1 UMI FR1 (4 GHz), 3GPP Rel-16 NR Positioning Simulation Assumptions
[image: ]The second example shows that the PRS stitching could further improve the accuracy in the IIOT scenarios with high accuracy requirement. With the same link quality-based pruning algorithm, the following figure demonstrates that the positioning accuracy with PRS bundling can be further reduced to 0.02m at 100% percentile the CDF of the 2D positioning errors given the InF-HH channels, which is significantly better than the 400MHz bandwidth counterpart. Figure 3‑2 InF-HH FR2 (28GHz)

The third example shows that high precision positioning can be achieved by stitching PRS across non-contiguous carrier components (CC) through advanced positioning algorithm (a super-resolution algorithm). The following figure demonstrates the progressive improvement in positioning accuracy as the total bandwidth increases, whether using a single carrier or stitched bandwidth across non-contiguous CCs.  Specifically, with 2 disjoint 100MHz CCs, 0.01m accuracy can be achieved at 93%-tile for InF-SH scenario in FR1, while with single 100MHz band the CDF value for the same accuracy drops to 80%. 
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Figure 4 InF-SH D20 FR1
Furthermore, with regards to SRS for Positioning, one of the major issues, especially in the UMA cases, is the SRS coverage. In NR Rel-16, an SRS resource can span up to 12 symbols within a slot, but there is no specification support for inter-slot repetition and inter-slot SRS bundling. Note that for DL PRS, such additional hearability is already taken into account by having a repetition factor of up to 32 (that is, a PRS resource can be repeated up to 32 slots inside a PRS instance), and there are also a variety of muting configurations specified to ensure proper orthogonality and enhanced flexibility of PRS deployment. 
As a quick example, one of the most difficult cases with regards to UL SRS geometry from NR Rel-16 is the UMA 4 GHz case with UTDOA. In the figure below, we compare the UTDOA performance using a single-shot (12-symbol) SRS measurement vs a 4-slot (12-symbol in each slot) SRS measurement for a threshold-based positioning algorithm with 8-cells. We observe that the measurement error at the 80% drops from 35 meters to 18 meters. 
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Figure 5 UMA FR1 (4 GHz), UTDOA, 3GPP Rel-16 NR Positioning Simulation Assumptions  
Overall, enhancements on the hearability of SRS for Positioning would be beneficial for both the UL-only and DL&UL methods, and especially in cases of commercial cases and wide coverage (e.g. UMI and UMA). 
Proposal 2: For the purpose of improved accuracy, 
· 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 should be studied further.
· SRS for Positioning bunding in time domain & inter-slot SRS repetition should be studed further. 
3. UE & Network calibration assistance
RTT procedures and associated reference signals and reporting can be used to help calibrate the synchronization errors in a network with the following methods:
· Enable RTT measurements between gNBs 
· Enable RTT and OTDOA/UTDOA measurements on the same TRPs/resources and time-stamps. 
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The general idea for such solution is simple. In the ideal situation, the OTDOA/UTDOA measurement would be equal to 0.5(RTT1 – RTT2). When there is a sync error, the OTDOA/UTDOA measurement would be equal to 0.5(RTT1 – RTT2) + Sync Error. Thus, if the network obtains the RTSD measurements and the RTT measurements from a UE (or several UEs), it could estimate the sync error between the TRPs. 

It could be argued that, already in NR Rel-16, it is possible the UE to report concurrently measurements for RSTD and Rx-Tx, and therefore, there is nothing more to specify. However, it should be noted that in NR Rel-16:
· there is no requirement that these measurements would have the same time-stamp, 
· there is no requirement that the same TRPs or even PRS resources will be measured and reported. 

Therefore, even if in some cases, and depending on what the UE reports, a network may have a set of measurements that could opportunistically (and up to network implementation) use to help with the network synchronization, additional specification support would be useful to ensure such a feature is actually feasible and testable to enable a simple and low-cost network synchronizsation solution. 

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.  
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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 toy example here the unknwon 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. 
Another direction that would 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. Similar calibration gaps, but for a different purpose – PA calibration -  were once agreed on in the past (See for example R4-1803455), however RAN4 did not end up specifying them yet. 
Overall, we make the following proposal:
[bookmark: _Hlk40108386]Proposal 3: For the purpose of improved accuracy, UE and/or network assistance for UE and network calibration (group delay, NW synchronization) should be studied further including the following:
· Methods/signaling to mitigate the group delay calibration errors in Multi-RTT (e.g., differential Multi-RTT, enabling calibration gaps; other schemes are not precluded) 
· Enhancing TDOA and Multi-RTT reporting for assisiting with network synchronization

3. Kinematics constraints aware positioning
There are many scenarios, especially in (I)IoT and factory automation, that 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 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. 

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. 

Proposal 4: For the purpose of improved accuracy, study further 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 Low Latency
4.1 Low-Latency Positioning Architecture & Signaling 
Certain location user cases require very low latency in provision of a location of a mobile device to an external client. User cases associated with very high location accuracy may also have very low latency requirements due to a rapid deterioration in location accuracy for a moving object. For example, even at only 6 km/h (normal walking speed), an object would move about 1.8 metres in 1 second, thereby nullifying the benefit of 1 meter location accuracy after less than 1 second. The target latency requirements for this SI were set to < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. 
Figure 6 illustrates the location reporting/signalling paths in the Rel-16 LCS architecture. The blue arrows illustrate the UE measurement/location reporting path to the LMF; the red arrows illustrate the gNB measurement reporting path to the LMF; and the green arrows illustrate the reporting/signalling path from the LMF to the (external) LCS client (via a GMLC in this example). 

The UE reports the location measurements via the serving gNB and AMF to the LMF using LPP. Each gNB/TRP report their measurements via the AMF to the LMF using NRPPa. The LMF may use the UE and gNB measurements to determine the UE location and reports the location via the GMLC to the LCS client.
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Figure 6: Location measurement signalling paths.
Using Figure 6, the end-to-end latency may be broken down into the following components:

1. UE measurement and processing time; TUE,meas.
This is the UE PRS reception and processing time for N TRPs to determine the desired positioning measurements (e.g., RSTDs or Rx-Tx Time Differences). It may also include the position calculation time in case of UE-based mode.
2. UE reporting time; TUE,report.
The UE reports the position measurements (UE-assisted) or location estimate (UE-based) to the LMF via intermediate network entities. The UE reportig time comprises the signalling delay over the various interfaces: 
a. Signalling between UE and serving gNB (TUEgNB);
b. Signalling between serving gNB and AMF (TgNBAMF);
c. Signalling between AMF and LMF (TAMFLMF).
3. gNB/TRP measurement and processing time; TTRPi,meas.
This is the gNB/TRP SRS reception and processing time for one UE to determine the desired positioning measurements (e.g., RTOA or gNB Rx-Tx Time Differences). In general, N gNBs/TRPs are involved in UL measurements for a single UE.
4. gNB/TRP reporting time; TTRPi,report.
Each gNB/TRP reports the position measurements to the LMF via the AMF. The gNBi/TRPi reporting time comprises the following signalling delays:
a. Signalling between gNB/TRP and AMF (TgNBAMF);
b. Signalling between AMF and LMF (TAMFLMF).
5. LMF calculation and processing time; TLMF,proc.
This is the LMF processing and calculation time (e.g., calculating RTTs from the UE and TRP measurements; calculating the UE location).
6. LMF reporting time; TLMF,report.
The LMF reports the UE location to the LCS client via the AMF and GMLC (for example). The LMF reporting time comprises the signalling delay over the various interfaces:
a. Signalling between LMF and AMF (TLMFAMF);
b. Signalling between AMF and GMLC (TAMFGMLC);
c. Signalling between GMLC and LCS Client (TGMLCClient).

The end-to-end latency for a single location report would then be the sum of the above processing and signalling delays; assuming the gNB/TRP measurements and signalling for N TRPs can occur in parallel:



where
·  
· 

As can be seen from the above, the bulk of signalling and associated delays happen in the core network. It appears obvious that the amount of signalling hops (and hence latency) can be reduced by moving the position calculation function to the serving gNB or to the UE. 

For example, the UE and each gNBi/TRPi may report their measurements to the serving gNB for position calculation at the serving gNB. The serving gNB can then report the location estimate directly to the LCS client, either via the control plane path or via the user plane path. The latter is illustrated in Figure 7. If the position calculation function is inside the UE, the serving gNB may provide the gNBi/TRPi measurements to the UE which the UE can use together with its own meassurements to calculate the location (i.e., by determining the RTT using the gNBi/TRPi and UE measurements; see also section 3.1 above). If the LCS client is external to the UE, the UE could send the location estimate directly via the user plane to the (previously authorized) client. 

In the enhanced positioning architecture, the End-to-End latency for an external client would have the following main components:
· UE measurement and processing time: 
· gNB/TRP measurement and processing time; .
· UE reporting time to serving gNB: 
· TRP reporting time to serving gNB: .
· LMF (at gNB) calculation and processing time; TLMF,proc.
· Serving gNG reporting to LCS client: 
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Figure 7: Low-latency location measurement signalling paths.
Note, the above Figures and discussion consider the UE/gNB location measurement and reporting procedures only. For the initiation of such procedures, the Rel-16 deferred MT-LR procedures for periodic/triggered events can be used as specified in TS 23.273. These procedures support all the authorization and privacy requirements for intitiating a deferred MT-LR. Once the MT-LR has been activated for a target UE, the UE starts perfoming the location measurements and reporting whenever the reporting event is triggered, and the above latency breakdown would apply.  

Observation 1: To support ultra-low latency, enhancements to positioning architecture and signalling need to be studied. 

The architecture and signalling enhancements are in the domain of RAN2/3 as well as SA/CT. From the latency breakdown above, items #1 and #2a affect RAN1:

-	UE measurement and processing time; TUE,meas:  This depends (among others) on the DL-PRS signal design. In particular, on the DL-PRS occasion availability.
-	UE reporting time; TUE,report: Signalling between UE and serving gNB (TUEgNB): For ultra-low-latency reporting, lower-layer measurement/location estimate reporting should be considered. 
Furthermore, in NR Rel-16, when measurement gaps are not configured, PRS reception has lower priority than any of the other PHY channels and signals, as it is 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.



Configuring measurement gaps is not a seamless way of operating NR Positioning especially in those scenarios of precise positioning where tracking/navigation is required with high periodicity PRS transmissions. Consider changes to account for low latency positioning which may require higher priority for PRS.

Based on the above we make the following proposal:

[bookmark: _Hlk40450446]Proposal 5: At least for the purpose of improved latency, at least the following should be studied:
· Low-layer (e.g., DCI, MAC-CE) triggering of DL/UL PRS and muting
· Low-layer (e.g., DCI, MAC-CE) triggering and reporting of Positioning Report 
· E.g., triggering of a Positioning report, reporting in MAC-CE or UCI, overhead reduction
· Positioning State Information (PSI) Computation Timeline Considerations
· E.g., Required time for UE processing, multiple PSI Computation delay requirements
· PRS priority with respect to other PHY signals and channels

4.2 Enhancements for UE-based Positioning
It is general understood that UE-based position can enable very low latency positioning, especially for the cases where the final consumer of the application is in the target UE (e.g., an application running at the UE). Especially for the case of most stringest latency requirements (e.g., 10 msec), UE-based Positioning may arise to be as one of the most feasible options. For example, one could envision, the UE performing PRS measurements over a few msec (e.g., assuming 12 PRS resources can be orthogalized in one slot, in 30 Khz, over 4 msec, 96 PRS resources can be measured), performing the positioning measurements and location estimation over the remaining few msec, before the location estimate becomes available.

[bookmark: _Hlk40375023]Proposal 6: At least for the purpose of improved latency, additional support and enhancements for UE-based positioning should be studied including:
· Enhancements of the assistance data (e.g. RTD enhancements, beam-shape assistance data)
5 Network Efficiency
[bookmark: _Hlk534813452]5.1 Re-use of Existing DL Reference Signals
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.  However, reusing existing NR physical channels and signals could be useful as a standalone deployment in certain scenarios or as additional reference signals which can be opportunistically re-used for an enhanced and more robust positioning.
Such PHY signals are at least the SSB and the CSI-RS/TRS resources. For example, even though SSBs are limited in bandwidth to 127 tones for PSS, SSS and 20 RBs for PBCH, there may be applications with accuracy requirements such that the SSB BW is sufficient to serve for a positioning measurement, e.g., in scenarios of RRC-idle/Inactive Positioning. This may especially be the case with larger SCS, which implies larger SSB BW. 
Another example is the CSI-RS and TRS reference signals. CSI-RS/TRS have flexible allocation of contiguous bandwidth, can be transmitted in narrow beams, and will be deployed at least for the purpose of CSI and tracking of the serving UEs of each cell. Overall, reusing existing DL refernce signals, would increase network efficiency since it would avoid transmitting additional DL reference signals just for the purpose of positioning. 
[bookmark: _Ref528764275][bookmark: _Ref1129460][bookmark: _Hlk40375026]Proposal 7:	At least for the purpose of network efficiency, consider studying Positioning measurements derived on other DL reference signals and channels (e.g. SSB, CSI-RS, TRS).
5.2 On-demand PRS
On-demand PRS refers to the request by the a UE or another entity (target device) of appropriate PRS resources (e.g., subset of TRPs, specific directions/beams, periodicity, PRS configuration, etc)  based on the need/demand that is determined by the target device.
Even though On-demand PRS was actually part of the Study Item in NR Rel-16, as agreed at RAN1 #AH1901NR, it was eventually de-prioritized: 
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.
[…]
For example, the signalling could allow an increase in resources assigned for DL PRS transmission (e.g. increased bandwidth, specific TRPs, or beam directions) and possibly to indicate when DL PRS transmission is no longer needed. 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. 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.. 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.
[bookmark: _Hlk40341723]Proposal 8:	At least for the purpose of network efficiency, consider studying on-demand PRS and SRS transmissions, including, but not limited to, the following aspects:
· [bookmark: _Hlk40341648]Required signaling & procedures to enable a target device to request/recommend specific PRS configurations (e.g., on-demand ON/OFF switching, bandwidth, TRPs, beam directions), and/or Positioning methods.
6 Device Efficiency
6.1 Positioning in RRC Idle and Inactive States
In NR Rel-16 RRC Idle/Inactive Positioning can only happen in DL-only UE-based with broadcast of location assistance data enabled. We believe that RRC Idle/Inactive positioning should be enabled for the UL and DL&UL methods also in NR Rel-17. 
[bookmark: _Hlk534972245]
For example, there can be a few simple cases which can be considered for RRC Idle/Inactive Positioning for DL&UL methods, like the case a reusing a two-step RACH or a 4-step RACH procedure which was just defined in Rel-16.  
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Example of Procedure for Two-step RACH used for RTT-based Positioning
 As shown in the above Figure, a UE may detect a positioning reference signal sent by a gNB and in response, it may use the two-step RACH Msg A PUSCH to report the time-difference between the transmission of the message and the reception of the PRS, namely (T3 – T2). The gNB can then use this report to compute an estimate of the RTT to the UE. Subsequently, the gNB may also transmit Msg B of the two-step RACH procedure, containing an indication of the time difference between the transmission of Msg B and the reception of Msg A. Using this indication, the UE may be able to compute an estimate of the RTT for the link to this gNB as shown. Multiple such RTT measurements can then be combined to estimate the position of the UE.
The above is just an example of reusing some of the available procedures during RRC Idle/Inactive for the purpose of positioning. It is well known that PRACH has limited bandwidth, so, introducing a method with higher positioning accuracy would require the UE transmitting SRS and reporting measurements in RRC Idle/Inactive state. 
[bookmark: _Hlk40375042]Proposal 9: At least for the purpose of Device Efficiency, further support and enhancements for NR Positioning in the RRC Idle/Inactive state should be studied further, including but not limited to
· Transmission of UL PRS signals & Reception of DL PRS signals 
· Enablement of Rel-16 DL-only UE-assisted methods, DL/UL methods, UL-only methods 

6. DRX & Positioning 
DRX is a very important power-saving mechanism in which UE gets into sleep mode for a certain period of time and wakes up for another period of time. In NR, there exist several considerations support for optimizing the interaction between DRX and other reference signals. 

For example, when it comes to the reception of CSI-RS for mobility, one can find the following details in TS 38.214:
· If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility.
· If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.

As another example fro RAN1 specification, when it comes to the reception of CSI-RS for CSI acquisition: 
· When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. 
· If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported. 
In, LTE, with regards to PRS reception, the accuracy requirements on the measurements, are expected to be applied as follows:  
· “All intra-frequency RSTD measurement requirements specified in Sections 8.1.2.5.1 and 8.1.2.5.2 shall apply without DRX as well as for any DRX and eDRX_CONN cycles specified in TS 36.331 [2].”

That is, the UE is expected to meet the same measurement requirements independent of whether DRX is configured or not, which may mean that the UE may need to measure PRS outside the active DRX time, otherwise the UE may not meet the requirements. Therefore, a UE would have to sacrifize any power savings 
Finally, in NR Rel-16, in RAN4, the following agreement was made [6] with regards to the requirements for Rx-Tx, RSRP and RSTD:
· RSTD measurement requirements will be defined for only non-DRX regardless of whether and which DRX configuration is configured for the UE.
· PRS-RSRP measurement requirements will be defined for only non-DRX regardless of whether and which DRX configuration is configured for the UE.
· UE Rx-Tx time difference measurement requirements will be defined for only non-DRX regardless of whether and which DRX configuration is configured for the UE.

Therefore, in NR, when a UE has an active positioning session, all requirements are defined under the the assumption of non-DRX, which may effectively mean that a UE would have to remain active to do the reception and transmission of positioning reference signals, making the positioning feature a rather power constly feature for NR Rel-16. In other words, power savings are being sacrifized over the positioning feature in NR Rel-16. This is something that we believe needs to be further looked into for Rel-17. Therefore, we make the following proposal.  

[bookmark: _Hlk40375047]Proposal 10: For the purpose of Device Efficiency, relation of DRX to DL/UL positioning reference signals, signaling, procedures and measurement accuracy should be studied further including, but not limited to:
· DL PRS reception and UL SRS for positioning transmission outside DRX active time
· Measurement Accuracy requirements outside DRX active time
· Any required signaling from the UE to LMF or serving gNB, or serving gNB to the LMF
7 Conclusions
[bookmark: _GoBack]Overall, we make the following proposals for potential enhancements for NR Rel-17 SI:
Proposal 1: At least for the purpose of improved accuracy, additional support and enhancements for UE-based positioning should be studied, including, but not limited to:
· Enhancements of the assistance data (e.g. RTD enhancements, beam-shape assistance data)
· UE-based DL & UL methods (e.g., UE-Based Multi-RTT) 

Proposal 2: For the purpose of improved accuracy, 
· 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 should be studied further.
· SRS for Positioning bunding in time domain & inter-slot SRS repetition should be studed further. 

Proposal 3: For the purpose of improved accuracy, UE and/or network assistance for UE and network calibration (group delay, NW synchronization) should be studied further including the following:
· Methods/signaling to mitigate the group delay calibration errors in Multi-RTT (e.g., differential Multi-RTT, enabling calibration gaps; other schemes are not precluded) 
· Enhancing TDOA and Multi-RTT reporting for assisiting with network synchronization

Proposal 4: For the purpose of improved accuracy, study further 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 5: At least for the purpose of improved latency, at least the following should be studied:
· Low-layer (e.g., DCI, MAC-CE) triggering of DL/UL PRS and muting
· Low-layer (e.g., DCI, MAC-CE) triggering and reporting of Positioning Report 
· E.g., triggering of a Positioning report, reporting in MAC-CE or UCI, overhead reduction
· Positioning State Information (PSI) Computation Timeline Considerations
· E.g., Required time for UE processing, multiple PSI Computation delay requirements
· PRS priority with respect to other PHY signals and channels

Proposal 6: At least for the purpose of improved latency, additional support and enhancements for UE-based positioning should be studied including:
· Enhancements of the assistance data (e.g. RTD enhancements, beam-shape assistance data)

Proposal 7: At least for the purpose of network efficiency, consider studying Positioning measurements derived on other DL reference signals and channels (e.g. SSB, CSI-RS, TRS).
Proposal 8:  At least for the purpose of network efficiency, consider studying on-demand PRS and SRS transmissions, including, but not limited to, the following aspects:
· Required signaling & procedures to enable a target device to request/recommend specific PRS configurations (e.g., on-demand ON/OFF switching, bandwidth, TRPs, beam directions), and/or Positioning methods.

Proposal 9: At least for the purpose of Device Efficiency, further support and enhancements for NR Positioning in the RRC Idle/Inactive state should be studied further, including but not limited to
· Transmission of UL PRS signals & Reception of DL PRS signals 
· Enablement of Rel-16 DL-only UE-assisted methods, DL/UL methods, UL-only methods 

Proposal 10: For the purpose of Device Efficiency, relation of DRX to DL/UL positioning reference signals, signaling, procedures and measurement accuracy should be studied further including, but not limited to:
· DL PRS reception and UL SRS for positioning transmission outside DRX active time
· Measurement Accuracy requirements outside DRX active time
· Any required signaling from the UE to LMF or serving gNB, or serving gNB to the LMF
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