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1 Introduction
The technical report for the Study on NR Positioning, TR 38.855 [1], has explored the potential of RAT-dependent positioning techniques to exploit the larger available bandwidths and beamforming in NR, to increase the timing accuracy and provide further directionality information in deployments such as urban macro and indoor hotspot. Extensive evaluations across different scenarios for both regulatory and commercial use cases, e.g., targeting 50m and 3m horizontal positioning accuracies respectively, showed the efficacy of RAT-dependent techniques, and were captured in TR 38.855 [1] for both FR1 and FR2 frequency ranges. As a result, the technical report concluded to specify support for RAT-dependent positioning in Rel-16.
Given the scope of the solutions concluded may appear to be challenging given the remaining allocated time budget in Release 16, we provide some views on which techniques are important to complete based on the observations made in TR 38.855 [1] and other references during the study item.
2 Scope of TR 38.855 Conclusion 
According to the conclusion section of TR 38.855 [1], we anticipate the following main tasks as candidates for a Work Item on NR positioning:
-	Specify support for 6 NR positioning methods (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, Multi-Cell RTT, E-CID) incl. associated measurements, procedures, etc.  [RAN1, RAN2, RAN3];
-	Specify reference signals and configurations for DL-PRS and UL-PRS, including beam forming aspects and procedures [RAN1];
-	Specify LPP and NRPPa support for the NR positioning methods [RAN2, RAN3];
-	Specify the architecture and signalling for location management functionality in the NG-RAN [RAN2, RAN3];
-	Specify support for positioning transmission/reception points (and possibly location management functionality) in the CU-DU disaggregated architecture [RAN3];
- 	(Possibly) specify support for NG-RAN acting as LCS Client [RAN3];
-	Specify support for GNSS SSR assistance data and related broadcast support [RAN2, RAN3];
-	Specify support for DL-only UE-based positioning [RAN2, RAN3];
- 	(Possibly) specify support for enhancements identified in section 9.4 of the TR 38.855 [1] [RAN1, RAN2, RAN3]:
-	Received Signal Waveform Reporting
-	UE-Based Positioning
-	Multipath Measurements
-	LOS Detection
-	Positioning for UEs in RRC_IDLE/INACTIVE States
-	UL SRS Enhancements for NR Positioning
- 	Carrier Phase Based Positioning
-	Phase Difference of Arrival Based Positioning 
3 Observations and Recommendations
3.1 Techniques and Measurements
In TR 38.855 [1], a total of 5 positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, Multi-Cell RTT) were concluded to be specified along with E-CID. We note that although all techniques have some merits, a subset of techniques has been demonstrated to provide sufficient support for positioning across the different deployment scenarios and even for the requirements as tight as the commercial use case of 3m. 
We highlight these observations in the table below.
	Criteria
	Evaluation

	Positioning accuracy
	DL TDOA, UL TDOA and Multi-cell RTT were demonstrated to achieve commercial use case requirements of 3m horizontal accuracy from numerous simulations in TR 38.855 [1]. DL-AoD/UL-AoA measurements can be complementary, but techniques which only relied on DL-AoD/UL-AoA were not sufficiently demonstrated through evaluations to meet the same accuracy requirements in TR 38.855 [1].

	Low latency and On Demand
	DL TDOA supports low latency and on-demand positioning, especially in combination with UE based positioning. 
Multi-cell RTT can be useful for low-latency and on-demand positioning since the procedure can be compressed into a single round of communication between the network and UE.

	Scalability
	DL TDOA, when used in combination with UE-based positioning with broadcast assistance, provides the best level of scalability among the positioning techniques by a wide margin. This would allow service (and potential operator revenue) to increase much faster than network resource allocation (CapEx and OpEx).

	Network synchronization robustness
	Multi-cell RTT was the only technique to achieve commercial use case requirements of 3m horizontal accuracy in numerous simulations in TR 38.855 [1], for cases where the network synchronization was imperfect, i.e., achieving a level of accuracy from e.g., basic GPS-based synchronization of TRPs. Otherwise, tighter requirements on network synchronization between gNBs would need to be introduced in specification to achieve 3m horizontal accuracy.
Note: Multi-cell RTT could also be beneficial to improving synchronization between nodes for DL TDOA (or UL TDOA) through UE assistance, as given in TR 36.872 subclause 6.3.2 [2], where UEs could provide multiple RTT measurements and RSTD measurements across gNBs, so that the differences in the RTT measurements could be compared against the differences in the TOA measurements to resolve the synchronization error between the gNBs. 

	Hearability
	DL TDOA and Multi-cell RTT both leverage the downlink which has better coverage compared to UL-only techniques, thereby providing best level of robustness and hearability, in addition to achieving the accuracy and other benefits above.

	UE Complexity
	Many UEs already support measurements, measurement reporting and location computation for DL positioning methods for LTE such as OTDOA and GNSS. DL TDOA and Multi-Cell RTT should thus be straightforward to define and implement from a UE perspective.

	RAN Complexity
	RAN impacts can be needed for (A) UL measurements, (B) coordination of UL measurements among multiple gNBs, (C) transmission and on demand scheduling of DL PRS, (D) synchronization of gNBs, (E) broadcast of DL assistance data. The potential requirements for these are:
DL TDOA:             C, D, E
UL TDOA:             A, B, D
Multi-Cell RTT:      A, B, C
This indicates that the three most accurate NR positioning techniques may each have a similar level of overall RAN complexity.



Proposal 1: Both DL TDOA, with support for UE-based positioning, as well as Multi-cell RTT, including gNB RX-TX time difference measurements and UE RX-TX time measurements based on reference signals from both serving and neighbouring gNBs, should be specified in Release 16.
3.2 Reference Signals
In TR 38.855 [1], DL TDOA positioning performance was shown to be significantly enhanced through the introduction of new downlink PRS signal, which improved the flexibility needed for different requirements on range, hearability, and positioning accuracy.
Multi-cell RTT positioning performance was enhanced when UL SRS was suitably modified at least for additional usage toward positioning.
Proposal 2: A new downlink PRS and a new positioning usage for UL SRS should be specified in Release 16.
3.3 Positioning Protocols
The positioning protocols need to support the additional positioning methods (including any new NR RAT-dependent methods as well as any enhancements to RAT-independent methods (e.g., GNSS SSR)). RAN2/3 concluded that LPP and NRPPa are being used also for the additional positioning methods introduced or extended in NR Rel-16. 
Proposal 3: LPP and NRPPa should be extended to support NR RAT dependent positioning methods as well as any enhancements to RAT independent methods (i.e., GNSS SSR) in Release 16.
3.4 Location Management Functionality in RAN
To support "low latency and high performance LCS" NG-RAN node enhanced with the support of location management functionality is selected by SA2 to perform UE positioning locally in the RAN, as mentioned in the SA2 LS to RAN [3]. RAN2 concluded that this option is recommended for normative work, provided the concerns raised in the study phase are addressed [1]. An example architecture for support of location management functionality in NG-RAN is shown in Figure 9.3.1-1 of TR 38.855 [1].
From a location services point of view, we see the following main benefits:
(a)	Reduced latency: As studied in SA2 [4] the number of signaling interfaces to support location services can drop from 3 (i.e., Uu, N2, NL1)  with a 5GC LMF to 1 (i.e., Uu) with a RAN location management functionality.
(b)	Better scalability: A distributed location server functionality would better scale in case a large number of UEs need to be supported (e.g., IoT use cases).
(c)	Easier deployment: A location server functionality in RAN would allow operators to support location services without the need for a 5GC LMF and possibly a GMLC.
From a positioning techniques point of view  a location management functionality in the RAN would be beneficial or even required for the following reasons:
(1) Location measurement coordination: The location measurements (e.g., gNB Rx-Tx Time Difference, RTOA, etc.) for the serving and neighbouring cells can be managed and controlled by the location management functionality in the serving gNB. 
Without location management functionality in the RAN, these measurements need to be managed and controlled by the 5GC LMF, requiring NRPPa signalling connections to multiple gNBs (e.g., simultaneous UE-associated signalling to a serving gNB and non-UE associated signalling to neighbour gNBs). 
The location measurements are naturally better managed and controlled by the RAN itself via Xn interface, instead of an entity in the core network (LMF). In particular, the RAN is in a better position to determine e.g., suitable UL PRS configurations and resources than an LMF in the core network.
 (2) PRS Coordination: At least for DL-PRS, RAN1 agreed that DL-PRS can be configured on demand [1]. In addition, at least for FR2, some coordination of PRS beams seems required (e.g., "beam alignment" mentioned in [1]). Without a location server functionality in the RAN this means that the PRS coordination (e.g., increased/reduced PRS resources, periodicity, beam coordination, etc.) need to be controlled by an LMF in the core network. Although, in principle feasible, it requires an entity in the core network (i.e., LMF) being "radio aware" in order to select and determine appropriate PRS configurations (e.g., suitable to fulfill the desired QoS for a given UE). 
(3)	Positioning TRP coordination: At least for UL measurements, positioning measurement nodes (aka Location Measurement Units (LMUs)) appear required [1]. Positioning signal transmitting nodes (e.g., PRS-only TPs) would be beneficial in some deployment scenarios where sufficient communication coverage is available, but additional positioning coverage is needed (e.g., factory IIoT scenarios). Without location management functionality in the RAN, these TRPs need to be managed and controlled by an LMF in the core network (e.g., as in case of UTDOA LMUs in LTE). Similar to items (1) and (2) above, for commercial use cases and reduced latency, it appears natural that these TRPs are managed and controlled by the location management functionality in the RAN itself.  
(4)	Reduced gNB complexity: From the discussions above ((1)-(3)), it appears obvious that at least UL based positioning methods require some coordination within the RAN. Without a location management functionality in the RAN, the "gNB" would have to perform these positioning tasks. This would increase the load and complexity of the gNBs. A location management functionality in the RAN could off-load the positioning tasks to the location function. The location function could be supported as an additional entity in the CU-DU disaggregated architecture, reducing the gNB complexity and allowing different gNB and location server vendors. 
Proposal 4: Location management functionality in the RAN should be specified in Release 16.
3.5 NG-RAN as LCS Client
With Location Management Functionality in the RAN the NG-RAN can determine the location of a target device and therefore, NG-RAN acting as LCS client is not needed.
3.6 GNSS SSR completion (PPP-RTK support)
GNSS-RTK positioning is supported in LTE Rel-15 as defined in TS 36.305 [5], which also includes broadcast of assistance data. However, the GNSS RTK Assistance Data support only the "Observation State Representation (OSR)"; the "State Space Representation (SSR)" was not completed in Rel-15 due to lack of appropriate SSR standards. Since in the meantime SSR messages (assistance data) are available from QZSS [6] the missing assistance data for SSR can now be added to LPP A‑GNSS [7]. SSR for RTK has significant advantages over OSR, in particular for mass-market receivers [8]. The addition of SSR assistance data to LPP will also support EPS (and enable E-UTRAN broadcast assistance via a small change to RRC).
Proposal 5: GNSS SSR completion should be specified in Release 16.
3.7 DL-only UE Based Positioning
Note that DL-only RAT-dependent UE-based positioning techniques were concluded by RAN1 in [1] to be feasible, and many companies in [1] separately discussed such benefits e.g., in terms of the scalability of RAT-dependent positioning as well as for enhanced hybrid positioning techniques employed at the UE.More specifically these can be listed as follows.
· Enables new use cases
· NR is driven by commercial requirements with support for location-hungry applications on the UE
· Mobility use cases include UE tracking, XR, automotive, factory automation, UE navigation, gaming, etc.
· 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.
· Improved scalability
· Data reduction can be done on the UE, and there’s no inherent computational capacity limit involved with adding more UEs.  The UE-Assisted alternative requires the location management function serving a multitude of users, and the LMF would have an upper capacity limit.
· Improved operational range
· Measurements of reference signals can be done at a lower power level than what is required for data demodulation, and DL Tx power is generally higher than UL Tx power.
· UE-Based positioning could operate at lower received power levels than UE-assisted
· Low UL overhead
· If the UE is also the consumer of the location information, no UL data is required.  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 would require reporting of a multitude of measurement information with significantly larger data volume.
· Low latency
· Position fixes can be produced virtually instantaneously after making the measurements.  A UE-Assisted alternative would experience delay through RAN and CN.
· Very low specifications impact
· Adding new measurement types (say Doppler) can be done without impact to standards documents and protocols.  Furthermore, positioning applications can be more readily tailored to a specific device category or service requirements.
· Parity with RAT-independent UE-Based features
· UE-Based RAT-independent features, like GNSS and Wi-Fi, are in prevalent use on UEs.  UE-based RAT-dependent positioning would enable service differentiation for operators.
Since similar protocol support exists already for e.g. UMTS [9] or LPPe [10], UE-based DL-only positioning should be easy to specify. 
Proposal 6:  DL TDOA support for UE-based positioning should be specified in Release 16.
3.8 Broadcast of Assistance Data
The  RTK assistance data must be provided periodically to the target device. Therefore, broadcast of assistance data has been introduced in LTE Rel-15 to support GNSS-RTK positioning [5]. Similar broadcast support is needed for GNSS‑RTK in NG-RAN. 
However, the broadcast of assistance data should not be limited to GNSS-RTK only. Similar as in LTE (where broadcast of assistance data is also supported for OTDOA), all assisted positioning methods would benefit from broadcast. 
The benefits of broadcasting location assistance data include reduced network signalling and reduced load on network elements (e.g. LMF, AMF, gNB) for a high density of recipient UEs in each cell, reduced latency in obtaining assistance data at a UE, and reduced UE signaling and power usage. Broadcast of assistance data together with UE‑based mode would also enable UEs to determine and track their locations while in idle state which allows UEs to perform regular location determinations to verify some trigger criteria (e.g., geo-fencing, etc.). Similar to LTE, the assistance data can also be ciphered which can provide a revenue stream for operators.  
Proposal 7: Broadcast of assistance data for GNSS-RTK and for DL TDOA UE-based positioning should be specified in Release 16.
3.9 Further Enhancements on Positioning Techniques
Regarding the further enhancements which were captured in the conclusion of the TR 38.855 [1], subclause 9.4], many of these techniques did not receive sufficient evaluation nor even discussion to conclude the feasibility. Hence, in light of the above techniques prioritized in earlier sections, there is no clear benefit to further specification of these techniques at least until further study is pursued.
We highlight some of these concerns below.
	Method
	Comment

	Received Signal Waveform Reporting
	The scope was not well defined, and for UE reporting received waveform there are many feasibility questions unanswered e.g., the level of pre-processing assumed on the samples in time domain before reporting (such as adjacent jammer mitigation), the level of buffering expected, whether pre-processing could be subsumed in a feasible gNB which must serve multiple UEs, what is the impact to any on-going data communications. Moreover, this was not sufficiently simulated to show any significant benefit beyond UE-assisted techniques.
Within the same scope of this technique is the dual problem of having the network either report its received waveform to multiple UEs in order to distribute processing among advanced UEs, or report its waveform to a location server which may have more advanced hardware or software capability than the gNBs. This could be beneficial and enabled through the same paradigm as with a UE reporting its waveform to the network. If waveform reporting is revisited in future releases, this dual application should be thoroughly studied.

	UE-Based DL+UL or UL-only positioning
	No consensus on was reached on  UE-based support for UL+DL positioning techniques or UL-only positioning techniques.

	Multipath Measurements
	The scope was not well defined, and the feasibility was not adequately addressed. The performance benefits were not clearly demonstrated beyond the core positioning techniques mentioned above.

	LOS Detection
	The scope was not well defined, and the feasibility was not adequately addressed. The performance benefits were not clearly demonstrated beyond the core positioning techniques mentioned above.
If this is revisited in the future, it should be more thoroughly studied (e.g., including CA) and not restricted to polarization. 

	Positioning for UEs in RRC_IDLE/INACTIVE States
	With the exception of DL TDOA and GNSS/RTK with broadcast assistance, the scope was not well defined, and the feasibility was not adequately addressed.

	UL SRS Enhancements for NR Positioning
	Beyond a specific positioning usage of SRS, additional enhancements are not as critical although they would be straightforward.

	Carrier Phase Based Positioning
	The scope was not well defined, and the feasibility was not adequately addressed. The performance benefits were not clearly demonstrated beyond the core positioning techniques mentioned above, especially for deployment scenarios with realistic assumptions on equipment and multi-path environment.

	Phase Difference of Arrival Based Positioning
	The scope was not well defined, and the feasibility was not adequately addressed. The performance benefits were not clearly demonstrated beyond the core positioning techniques mentioned above, especially for deployment scenarios with realistic assumptions on equipment and multi-path environment.



Proposal 8: Enhancements identified in section 9.4 of the TR 38.855 [1] should be deferred to a later release for further study before specification.
4 Conclusions
The following proposals for the positioning WI of Release 16 are summarized below.
Proposal 1: Both DL TDOA, with support for UE-based positioning, as well as Multi-cell RTT, including gNB RX-TX time difference measurements and UE RX-TX time measurements based on reference signals from both serving and neighbouring gNBs, should be specified in Release 16.
Proposal 2: A new downlink PRS and a new positioning usage for UL SRS should be specified in Release 16.
Proposal 3: LPP and NRPPa should be extended to support NR RAT dependent positioning methods as well as any enhancements to RAT independent methods (i.e., GNSS SSR) in Release 16.
Proposal 4: Location management functionality in the RAN should be specified in Release 16.
Proposal 5: GNSS SSR completion should be specified in Release 16.
Proposal 6:  DL TDOA support for UE-based positioning should be specified in Release 16.
Proposal 7: Broadcast of assistance data for GNSS-RTK and for DL TDOA UE-based positioning should be specified in Release 16.
Proposal 8: Enhancements identified in section 9.4 of the TR 38.855 [1] should be deferred to a later release for further study before specification.
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