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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 [6]-[7].
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 of positioning signals in time (across different symbols/slots), frequency (across different RE patterns) and code domains (different sequences). Considering latency as a key KPI, it is beneficial to localize in time reference signal transmissions and thus increase number of stations transmitting on a given time interval. This may lead to the increased collision and interference on positioning resources that can negatively impact accuracy of measurements. In order to balance accuracy/latency tradeoff, the additional enhancements to multiplexing(orthogonalization) of positioning signals may need to be studied, e.g. additional comb values, etc. 


RAN1 to study whether additional benefits can be extracted from the enhanced multiplexing capabilities of the positioning reference signals in DL and UL

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 a 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 specification defined support of two-step RACH protocol. This protocol can be further enhanced to support low latency positioning. The two step RACH procedure can be used to trigger positioning service i.e. specific positioning procedure requested by a UE. The main concept on Two Step RACH for positioning use case is following:
NR system configures resources for two step RACH operation, additionally it may pre-allocate resources for transmission of UL positioning reference signal (SRS for positioning) which are monitored by. 
A UE that requires positioning procedure can use two step PRACH resources together with resources for UL SRS for positioning transmission
Network detects the request for positioning procedure from user and initiates protocol for positioning. Additionally, it may receive UL Positioning reference signal transmission and indicate coordinate to the UE as a feedback.


RAN1 to study enhancements of 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 intra-band contiguous carrier aggregation scenario.


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
The classification of the link on LOS and NLOS is important for accurate NR positioning, since the primary information about UE location is contained in the direct LOS path (i.e. distance/direction). The information from NLOS links, where LOS path is not available is a secondary one and may be used in a positioning equation with different weights or type of handling.


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

NLOS offset estimation and reporting
NLOS offset is one of the key problems for positioning that degrades performance of timing-based positioning solutions. In practice, there are different ways of handling it: starting from the simple drop of NLOS links from positioning equations (considerations), NLOS offset mitigation or estimation and compensation. If network or UE have implemented mechanisms to handle NLOS offset, then it is desirable to also measure and report NLOS offset estimates. In general, for a dedicated positioning area, it is possible to calibrate the network through a training and apply AI/ML principles to estimate NLOS offset or coordinates directly and improve positioning performance. 


RAN1 to support signaling indicating the NLOS offset propagation type and conditions for each link used for UE positioning

Enriched first arrival path measurements
The first arrival path is the primary source of UE location information. In Rel.16, the timing and angle of arrivals measurements were defined. These measurements can be further enriched through the power of the first arrival path measurement and/or K-factor measurements. In addition, the frequency offset caused by Doppler shift can be considered.


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 CIR can be also utilized for positioning. There is no straightforward mechanism how to utilize these measurements since multi-path components are mainly associated with reflectors (“mirror/image sources”). The multipath components are characterized by reflection order. The higher the refection order the more challenging to utilize it for UE location.


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 propagation channel and can enable more advanced processing for estimation of all signal location parameters. From 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 radio-based solutions can benefit or require introduction of additional physical layer measurements for that purpose. 


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.


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

Signalling and Procedures

Support of RRC-IDLE/INACTIVE 
[bookmark: _GoBack]In Rel.16, the positioning support is enabled only for 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 switch to RRC-CONNECTED state and thus such enhancements can be considered but probably are mainly in RAN2 WG scope. In our view, it is also desirable to facilitate latency reduction of positioning service for UEs appeared to be in RRC-IDLE/INACTIVE states.

Two Way Positioning/Ranging Protocols
The two-way signaling to facilitate accurate NR positioning is one of the pro-missing 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 gNB/TRP side, which is also not sensitive to network synchronization errors. The defined multi-RTT signaling protocol can be further enhanced to reduce latency of positioning service.

Prioritization of transmission for positioning reference signals/channels
Considering that positioning latency is one of the main KPIs, it seems necessary to consider design aspects for prioritization of positioning reference signals and control signaling/channels versus transmission of other reference signals and control channels. If in DL prioritization related aspects can be considered as gNB/network implementation, the certain level of QoS (latency, etc.) associated with positioning service and thus with transmission of positioning reference signals and control signaling may be still necessary. In addition, support of prioritized transmission of 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 whether additional benefits can be extracted from the enhanced multiplexing capabilities of the positioning reference signals in DL and UL
Proposal 3: 
RAN1 to study benefits from support of dynamic UE centric DL PRS resource allocation 
Proposal 4: 
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 5: 
RAN1 to study enhancements of two step RACH mechanism to facilitate accurate low-latency NR positioning 
Proposal 6: 
RAN1 to study scenarios and performance benefits of aggregating multiple DL positioning frequency layers by UEs
Proposal 7: 
RAN1 to support signaling indicating the LOS/NLOS propagation type or conditions for each link used for positioning
Proposal 8: 
RAN1 to support signaling indicating the NLOS offset propagation type and conditions for each link used for UE positioning
Proposal 9: 
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 10: 
RAN1 to support received waveform reporting to enable precise UE positioning
Proposal 11: 
RAN1 to study whether additional physical layer measurements can benefit/support integrity of RAT-dependent positioning solutions
Proposal 12: 
RAN1 to study performance benefits of super-resolution processing techniques for precise UE positioning
Proposal 13: 
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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