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Introduction
The RAN WG approved study item on NR Positioning Enhancements [1]. The study item includes the following objective:
	Identify and evaluate positioning techniques, DL/UL positioning reference signals, signaling 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]


In this contribution, we express our views on potential enhancements for I-IoT NR Positioning evaluations. Our views on other topics are provided in companion contributions [2] - [3].

Performance Metrics
The precise accuracy and low latency of UE positioning are key performance indicators for NR Positioning in I-IoT use cases.
For precise accuracy, the following aspects need to be considered
Wideband reference signals with good auto-/cross-correlation properties and link budget
Accurate measurements of signal location parameters from/by as many stations as possible
Measurements of additional signal location parameters
The aspect #1 – positioning reference signals have been already defined in Rel.16. The DL PRS are generated based on pseudo-random generator and impose quite good auto and cross-correlation properties for wideband transmissions. Aspect #2 is mainly determined by UE/gNB implementation and network deployment. For I-IoT use cases, the dense and optimized for positioning services deployments are expected, at least in dedicated positioning areas. Aspect #3 (additional measurements) require further discussion in RAN1 WG as further elaborated in Section 3.2.
For positioning latency, the following aspects need to be considered
Radio-protocol/procedure enhancements
Resource allocation mechanisms for transmission of reference signals
Frame alignment (e.g. half of period for periodic transmission of reference signals)
Measurement (processing time) and reporting delay
In general, further specification work may be needed to improve latency for all above components.
Potential NR Positioning Enhancements
DL & UL Reference Signals
DL PRS Transmission Schedule
One of the drawbacks of the Rel.16 DL PRS transmission schedule is that the set of colliding TRPs/gNBs does not change over DL PRS transmission time periods, unless muting is applied. The DL PRS muting mechanism improves performance, however it happens at the expense of extra latency and reduced density of transmissions on the same spectrum resources.

 
RAN1 to study new DL PRS transmission schedules aiming to randomize set of TRPs/gNBs transmitting in the same set of resources

Enhanced Multiplexing of Reference Signals
The Rel.16 design already provides rich capability of multiplexing for the positioning signals in time (across different symbols/slots), frequency (across different RE patterns) and code domains (different sequences/cyclic shifts). In Rel.16 it was agreed to support DL PRS reference signals with the different combinations of the PRS lengths and comb sizes {LPRS, KcombPRS}, including the following configurations {2,2}, {4,2}, {4,4}, {6,2}, {6,6}, {12,2}, {12,4}, {12,6}, and {12,12}. For the UL SRS reference signals the SRS lengths and comb sizes {NsymbSRS, KTC}, support the following configurations {1,2}, {2,2}, {2,4}, {4,2}, {4,4}, {4,8}, {8,4}, {8,8}, {12,4}, {12,8}.
Therefore, a variety of the comb sizes are already available in the existing design in order to perform positioning signals multiplexing in the same time resource. Introduction of additional comb sizes for a smaller number of PRS/SRS symbols needs to be justified in the interference scenarios, since it reduces the number of signal observations, that potentially can be combined to extract a signal processing gain, and at the same time increases the order of signal multiplexing.
Further optimization of the number of PRS symbols and support of the 1-symbol PRS to our view does not provide an essential latency reduction. At the same time, it may increase the complexity of implementation by reduction of the time budget available for the signal reception.

Dynamic on Demand DL PRS Transmission/Allocation
The Rel.16 DL PRS resource allocation is periodic. In case of periodic DL PRS resource allocation, one of the components negatively affecting latency is a frame alignment time which is +/- TPERIOD/2. In order to improve latency characteristics, the dynamic on-demand allocation of the Rel.17 DL PRS can be considered, although this mechanism may require tighter coordination across DL PRS transmission points. 
One of the examples here is that DL PRS transmission can be dynamically indicated/allocated by group common or UE specific DCI formats as a response to positioning request/event, triggered by UE or network for the purpose of positioning. In addition, UE (or groups of UEs) can be provided with a UE or group specific DL PRS transmission schedule, which can be constructed based on previous reports from UEs. We call this type of enhancements as UE centric dynamic DL PRS allocation. 


RAN1 to study benefits from support of dynamic UE centric DL PRS resource allocation 

Dynamic on Demand SRS for Positioning Transmission/Allocation
The Rel.16 supports periodic, semi-persistent and aperiodic SRS transmissions for RRC connected UEs. These mechanisms can be further improved by opportunistic UE autonomous transmission of SRS for positioning potentially accompanied with a dedicated control signaling. For example, UEs can autonomously select SRS for positioning resource and sequence for transmission in a predefined/pre-configured region of resources allocated for SRS for positioning. The gNBs/TRPs are expected to monitor these resources to conduct measurements and provide measurements results as well as DL PRS transmission in response to UEs or positioning server


RAN1 to study opportunistic on-demand transmission of SRS for positioning (potentially associated with UL control signaling) to facilitate low latency ranging with gNBs/TRPs (e.g. low latency multi-RTT in combination w/ AoA or other measurements)

Two-Step RACH Enhancements for NR Positioning
The NR Rel.16 defines a two-step RACH protocol to support faster channel access. It includes a PRACH preamble transmission accompanied with the message msgA to a serving gNB with a channel access response. If successful, a serving gNB responds with the message msgB that includes a contention resolution or random-access response. A two-step RACH protocol can be further enhanced to support low latency positioning. It can be used to trigger the positioning service i.e. specific positioning procedure requested by a UE.
The main concept for a two-step RACH positioning includes the following:
· NR system configures the time-frequency resources for a two-step RACH operation, including the PRACH preamble, msgA PUSCH, and UL SRS reference signal transmission.
· A UE in the RRC_IDLE or RRC_INACTIVE state configured for the positioning procedure may send the PRACH preamble, msgA, and UL SRS reference signal in the predefined set of time-frequency resources to solicit the channel access and positioning procedure.
· A serving gNB detecting the request for the channel access and positioning from a UE, initiates the protocol for positioning. It may receive the UL SRS reference signal to conduct the measurements and send the feedback to a UE as a part of the msgB. In addition to that the DL PRS reference signal may be sent to trigger the measurements at the UE side.
· The UL SRS signal may be received by a serving gNB as well as the multiple neighbor gNBs. In turn, the DL PRS transmission can be performed by a serving gNB and multiple neighbor gNBs, coordinated by a serving gNB.

The msgA and msgB bit content can be defined with the new fields in order to support positioning procedure. Figure 1 shows an example of a two-step RACH protocol for positioning. In the provided example, a UE sends the PRACH preamble, msgA, and UL SRS reference signal to a serving gNB and multiple neighbor gNBs. A serving gNB may retransmit msgA to the neighbor gNBs using a backhaul link. 
A serving gNB sends the msgB in response to the UE transmission. A serving gNB and the multiple neighbor gNBs send the coordinated DL PRS reference signal to a UE associated with the msgB transmission.



[bookmark: _Ref47601592]Figure 1: An example of message exchange for a two-step RACH protocol for positioning.



RAN1 to study enhancements of a two-step RACH mechanism to facilitate accurate low-latency NR positioning 

Aggregation of Positioning Frequency Layers
In Rel.16, UE measurements are done and reported per positioning frequency layer. In order to benefit from a wider bandwidth, UE can conduct measurement over signal aggregated from multiple positioning frequency layers. In order to simplify UE processing, the DL PRS frequency layers may be allocated next to each other as for example in the intra-band contiguous carrier aggregation scenario.
Figure 2 shows an example of intra-band contiguous frequency layers aggregation to support high accuracy positioning measurements.



[bookmark: _Ref47519460]Figure 2: An example of intra-band contiguous frequency layers aggregation for high accuracy positioning measurements.



RAN1 to study scenarios and performance benefits of aggregating multiple DL positioning frequency layers by UEs

UE and gNB Measurements/Reporting
LOS / NLOS Link Classification
A classification of the Line Of Sight (LOS) and Non-Line Of Sight (NLOS) links is an important feature for the accurate NR positioning. The primary information about a UE location is contained in the direct LOS measurements. It includes the propagation distance along the LOS path and corresponding Angular of Departure (AoD) and Angular of Arrival (AoA) estimates. Figure 3 shows an example of the NLOS propagation channel and its impact on the positioning accuracy.


[bookmark: _Ref47437345]Figure 3: Illustration of the NLOS propagation channel and its impact on the positioning accuracy.

In the provided example red line highlights the LOS channel cluster and blue line highlights the NLOS channel clusters. If LOS path is not available and the m-th NLOS cluster is used for the positioning, it causes the distance error ΔDm = Dm – DLOS, which is a difference between the m-th NLOS and LOS propagation distances. Additionally, it causes AoD and AoA errors relative to the true LOS direction, denoted as θm,AoD and θm,AoA in Figure 3. Both distance and angular errors may significantly degrade the performance and limit accuracy of the positioning algorithm.
The proposed LOS/NLOS classification can improve the accuracy of the positioning algorithm using one of the following methods:
· Reject unreliable NLOS-based measurements
· Correct unreliable NLOS-based measurements to compensate distance and angular errors
· Use reliability metric as a regularization term in the positioning algorithm to limit error impact on the range and angle estimation


RAN1 to support signaling indicating the LOS/NLOS propagation type or conditions for each link used for positioning

NLOS Offset Estimation and Reporting
The NLOS distance and angular offset is one of the major problems for the positioning time-based methods degrading the algorithm performance dramatically. In practice there are different approaches to tackle the problem, including a simple exclusion of the NLOS estimates from the consideration, based on the LOS/NLOS classification considered above. Other way is to estimate the distance and angular offsets (ΔDm, θm,AoD, θm,AoA) shown in Figure 3 and compensate or partially mitigate their impact in the positioning equations by removing the biases.
It is important to investigate an impact of the NLOS offset on the positioning accuracy and make a conclusion whether the NLOS offset can be effectively compensated to improve the estimation performance or not. 


RAN1 to study an impact of the NLOS offset on the positioning accuracy and make a conclusion whether the NLOS offset reporting is a valuable mechanism or not

Enriched First Arrival Path Measurements
The First Arrival Path (FAP) is the primary source of a UE location information and the Rel.16 defines the timing and Angle of Arrival (AoA) measurements associated with the FAP. The measurement set can be further extended to include the power, K-factor and a frequency offset caused by the Doppler shift. 
The Doppler measurements will allow to detect a non-zero UE vehicular speed and provides an estimate of the possible distance change over some time interval Δt. Figure 4 shows an example of a UE moving towards some direction with velocity V. It causes a LOS distance change equal to ΔDLOS = DLOS(Δt(n+1)) - DLOS(Δtn), where n is the time domain index and the Δt is an observation time interval.


[bookmark: _Ref47437703]Figure 4: Illustration of a UE movement and the LOS distance change over the time interval Δt.



RAN1 to study benefits of the additional measurements for the first arrival path of the CIR component
First arrival path (FAP) power, K-factor, Doppler shift, etc.

Enriched Multi-Path Measurements
The multipath components of the propagation channel potentially can be also used for the sake of positioning. However, there is no straightforward mechanism how these measurements could be utilized in the positioning equations, since the multi-path components are primarily associated with the reflectors (“mirror/image sources”). In general, the multi-path components are characterized by a reflection order. The higher the reflection order, the more challenging is to utilize it for the UE location estimate.

Received Waveform Reporting
The reporting of the received waveforms is a fundamental approach that has a potential to achieve upper performance bounds of radio-based positioning solutions, since it provides full information about the propagation channel and can enable a more advanced processing for the estimation of all signal location parameters. From the measurement and performance perspective the reporting of the received waveform is a practical design option to enable precise positioning. 


RAN1 to support received waveform reporting to enable precise UE positioning

Measurements for NR Positioning Integrity
One of the major scopes of RAN2 WG is to discuss design options to support integrity of NR positioning solutions. It needs to be analyzed if support of integrity for the radio-based solutions can benefit or require introduction of additional physical layer measurements for that purpose. For example, a UE/gNB can perform the Signal to Interference Noise Ratio (SINR) measurements for the positioning parameters estimates and report them if noise or interference conditions have changed dramatically. 


RAN1 to study whether additional physical layer measurements can benefit/support integrity of RAT-dependent positioning solutions

Super-Resolution Processing
The use of super-resolution techniques for measurement of signal location parameters can provide improved estimation accuracy. Although the implementation of super-resolution techniques is quite complex and requires computationally intensive processing, it becomes feasible with current advances and computing power available at network side. Application of the super-resolution techniques potentially may achieve the target positioning accuracy without engagement of the new methods that require standard-based support.


RAN1 to study performance benefits of super-resolution processing techniques for precise UE positioning

Signalling and Procedures
Support of RRC_IDLE/RRC_INACTIVE 
In Rel.16, the positioning support is enabled only for the RRC_CONNECTED UEs. For some of the positioning procedures, it is relatively straightforward to support RRC_IDLE/RRC_INACTIVE UEs. For instance, UE based positioning may not need a UE to switch to the RRC_CONNECTED state and thus such enhancements can be considered but probably are primarily in RAN2 WG scope. In our view, it is also desirable to facilitate latency reduction of the positioning service for the UEs appeared to be in the RRC_IDLE/RRC_INACTIVE states.

Two-Way Positioning/Ranging Protocols
The two-way signaling to facilitate accurate NR positioning is one of the promising enhancements areas for NR positioning in terms of UE/gNB radio-layer procedures and behaviors. The two-way signaling protocols based on multi-RTT are robust to synchronization error at network side. In addition, two-way signaling can support AoA measurements at the gNB/TRP side, which is also not sensitive to the network synchronization errors. The defined multi-RTT signaling protocol can be further enhanced to reduce latency of the positioning service.

Prioritization of Transmission for Positioning Reference Signals/Channels
Considering that the positioning end-to-end latency is one of the main KPIs, it is necessary to consider the design aspects for prioritization of the positioning reference signals and control signaling/channels versus transmission of other reference signals and control channels. The prioritization of the DL transmission can be considered as a part of the gNB/network implementation. However, the QoS (latency, etc.) associated with the positioning service and thus with the transmission of positioning signals and control signals may still be necessary.
In addition, support of the prioritized transmission of the UL SRS for positioning and associated control signaling with respect to other reference signals and channels may need more analysis as well.


RAN1 to study mechanisms for prioritization of transmissions carrying reference signals and channels w/ control signaling for positioning vs other NR reference signals and channels

Conclusions
In this contribution, we have provided our views on the I-IOT use cases and scenarios for NR Positioning evaluation as a part of the Rel.17 SI on NR Positioning Enhancements. In summary, we have following list of proposals:

Proposal 1: 
RAN1 to study new DL PRS transmission schedules aiming to randomize set of TRPs/gNBs transmitting in the same set of resources
Proposal 2: 
RAN1 to study benefits from support of dynamic UE centric DL PRS resource allocation 
Proposal 3: 
RAN1 to study opportunistic on-demand transmission of SRS for positioning (potentially associated with UL control signaling) to facilitate low latency ranging with gNBs/TRPs (e.g. low latency multi-RTT in combination w/ AoA or other measurements)
Proposal 4: 
RAN1 to study enhancements of a two-step RACH mechanism to facilitate accurate low-latency NR positioning 
Proposal 5: 
RAN1 to study scenarios and performance benefits of aggregating multiple DL positioning frequency layers by UEs
Proposal 6: 
RAN1 to support signaling indicating the LOS/NLOS propagation type or conditions for each link used for positioning
Proposal 7: 
RAN1 to study an impact of the NLOS offset on the positioning accuracy and make a conclusion whether the NLOS offset reporting is a valuable mechanism or not
Proposal 8: 
RAN1 to study benefits of the additional measurements for the first arrival path of the CIR component
First arrival path (FAP) power, K-factor, Doppler shift, etc.
Proposal 9: 
RAN1 to support received waveform reporting to enable precise UE positioning
Proposal 10: 
RAN1 to study whether additional physical layer measurements can benefit/support integrity of RAT-dependent positioning solutions
Proposal 11: 
RAN1 to study performance benefits of super-resolution processing techniques for precise UE positioning
Proposal 12: 
RAN1 to study mechanisms for prioritization of transmissions carrying reference signals and channels w/ control signaling for positioning vs other NR reference signals and channels
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