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Introduction
At the RAN#81 WG meeting, the final version of study item on NR Positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for NR Positioning [1].
	Objective:
Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


During the previous RAN1 WG meetings, the following agreements were made by RAN1 WG with respect to RAT-dependent solutions.
	RAN1#94bis Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions


At the NR AdHoc-1901 meeting the following aspects were extensively discussed without conclusion made. Further analysis and discussion is expected at the upcoming RAN1 WG meeting(s):
	RAN1 AdHoc-1901:
Additional aspects that have been proposed during the study:
· Receive signal waveform reporting
· UE-based positioning
· Multipath measurements
· SFN transmissions for positioning
· Techniques to lower UE complexity for OTDOA
· Broadcast of assistance data
· LMUs


In this contribution, we focus on received signal waveform reporting mechanism for NR RAT dependent positioning solutions [2]. In this paper, we argue that this approach can achieve upper performance bound in terms of UE positioning accuracy. Our views on other NR Positioning aspects are provided in companion contributions [6]-[11].

Received Signal Waveform Report - Principle of Operation
The basic idea behind received signal waveform reporting is to offload estimation of signal location parameters to network. In some sense, it is very similar with a principle of NW-based positioning concept where UE coordinate is calculated by network / location server. If received signal waveform is shared with location server then location server can also perform estimation of signal location parameters and use it further for UE positioning. The basic illustration of the received signal waveform reporting is illustrated in Figure 1. The following three basic steps of operation are foreseen to enable this approach:
1) UE is pre-configured with time-instances(windows) to sample and record received PRS waveform
2) gNB transmit PRS waveforms on pre-configured time-instances (windows)
3) UE buffers received signal waveform at pre-configured time instances
4) UE reports back the buffered data to NW for accurate estimation of signal location parameters and user positioning


[bookmark: _Ref525383298]Figure 1: Reporting of received signal waveform for NR DL positioning
In the next section, we outline major benefits that can be provided by NR Positioning if received signal waveform reporting is supported by NR technology.
Benefits of Received Signal Waveform Reporting
The support of received signal waveform reporting has multiple benefits for NR Positioning. In particular, we envision the following unique advantages of this solution:
Benefit #1. Use of positioning technologies beyond specification scope / constraints
· Reporting of waveform opens the door for measurement of any signal location parameter and thus can be used to apply more sophisticated and advanced positioning technologies on top of baseline techniques standardized by 3GPP
· For instance, NR Positioning service providers can estimate and utilize timing of multipath components to extract more information, apply phase difference of arrival techniques and much more.
Benefit #2. Full information on all signal location parameters available at UE side
· NR Positioning service providers can use common and more advanced algorithms for estimation of any signal location parameter. The reporting of raw information is always more powerful than reporting of coarsely quantized post-processed data that hide a lot of useful information.
Benefit #3. Minimum specification efforts
· UE just need to be (pre-) configured in advance to capture waveform at predefined time-instances and report it back. There is no need to specify any new physical signal structure. In general, gNB/NW vendors can use custom waveforms, if NW-based solution is considered.
Benefit #4. High performance under spectrum and computing power constraints
· Network operators may not be able to afford (or may not want to allocate) wideband spectrum resources desirable for accurate positioning but may still aim to achieve the precise positioning. 
· Low cost and low complexity UE terminals (IoT terminals) may enjoy accurate positioning benefiting from NW processing capabilities.
Benefit #5. Empowers NW based positioning solutions
· Cloud computing power capabilities can be applied to implement more advanced signal processing and positioning algorithms to achieve very accurate UE location where it is demanded. The recent innovations in machine learning and optimal processing algorithms can be practically implemented.
Benefit #6. Low UE implementation complexity
· In the most straightforward way, UE just need to buffer received signal waveform and report it back as a part of PUSCH content based on regular scheduling from gNB.
Benefit #7. Exclusive service provided to exclusive UEs/subscribers
· Received signal waveform reporting can be considered as an exclusive NR positioning service provided directly to UEs or any other interested entities that require exclusive positioning performance. The method can be applied jointly with other basic techniques and on-demand where it is really needed/requested.
Benefit #8. Upper bound for RAT dependent positioning solutions
· The processing of raw (received signal waveform) information promise to approach upper performance bound that can be achieved by RAT-dependent solutions.
Benefit #9. Robust to spoofing/tampering
· If PRS waveforms used by gNBs and time instances to record received signal at UE side are not known in advance then it is very difficult (if it is feasible) to do spoofing/tampering. In addition, NW can always analyze the received waveform to identify or validate, whether there was any spoofing/tampering attempt.
Benefit #10. No dependency on UE implementation for NW based solutions
· The estimation of signal location parameters is always left up to UE implementation. Different vendors apply different algorithms for timing estimation and their performance can vary substantially. 
· If received waveform is reported, the NW can apply common algorithms or even multiple algorithms and be aware of what was used to get estimate for signal location parameters.
In our view, the reporting of the received waveform is a fundamental approach to boost NR Positioning performance and thus it should be supported by NR technology. Whether to utilize it or not, it can be left up to network and UE implementation, however NR as a technology should enable support of this approach for the benefit of RAT-dependent NR positioning solutions.

On Drawback of Received Signal Waveform Reporting
The only potential drawback that we can see from enabling received signal waveform reporting in NR is the increased payload in uplink. On the other hand, the 2 kB – 20 kB packet sizes is not something that cannot be afforded by modern cellular networks. In addition, it is fully up to network to control when the technique is applied and how many data NW wants to be captured by UE and reported back. Therefore, the overhead argument should not be even considered to preclude introduction of the general and fundamental solution based on received signal waveform reporting.

Performance Analysis
In order to give intuition on how the received signal waveform can be utilized, we provide DL TDOA based performance results for NR positioning in FR1 and FR2. Additional system level analysis of NR DL Positioning performance is provided in our companion contribution [7].
As an example in this section, we assume that NW utilizes advanced super-resolution algorithms for timing estimation and UE applies the basic threshold based algorithm for estimation of the timing of the first arrival path component. Note that this analysis does not aim to say that supper-resolution algorithms cannot be implemented at the UE side, but rather to emphasize that NW-based processing can benefit from the increased computing power while implementation of the same principle at UE side will increase cost, complexity and power consumption. In addition to the best of our knowledge none of the requirements so far assume that UE applies super-resolution technique for estimation of signal location parameters. It should be also noted that even basic processing of signals from multiple stations using wideband PRS transmission is not a trivial task and many companies already highlighted computational complexity in their contributions and proposed techniques that can reduce UE processing complexity [3], [4].
In this section, we show benefits of the received signal waveform reporting to facilitate accurate DL NR positioning through super-resolution algorithms (see Figure 2). Results in this section are provided for 5MHz and 100MHz signal bandwidth in Scenario 1 (Indoor Open Office). The one symbol PRS physical structure with all REs occupied was used for analysis. Evaluation results are provided for two cases. In Case 1, the first arrival path (FAP) timing estimation is done at UE side using practical channel estimation algorithm. In Case 2, it is assumed that UE reported received signal waveforms to gNB/network, where sophisticated super-resolution algorithm for timing estimation is applied to estimate timing of the first arrival path.
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[bookmark: _Ref534119347]Figure 2: Received Signal Waveform Reporting and Super-resolution Algorithms

The system level evaluation results which are shown in Figure 2 clearly demonstrate that reporting of the received signal waveform can significantly boost NR positioning performance.

 
Received signal waveform reporting can achieve more accurate positioning performance with minimum UE implementation complexity and provide upper performance bound of RAT dependent positioning solutions

Received Signal Waveform Reporting at NW Side
The principle of the received signal waveform reporting can be also applied for UL based positioning solutions. Similar to DL, it can facilitate more accurate estimation of signal location parameters and empower UL positioning techniques as well. In this case it is assumed the gNB will record received waveform on UL PRS resources and share it with location server including other parameters required to regenerate UL waveform transmitted by UE.

 Conclusions
In this contribution, we argue that NR technology can significantly benefit from reporting received signal waveform by UE to facilitate more accurate and precise RAT dependent NR positioning solutions. Moreover we consider this as a fundamental approach that promise to achieve upper bound in terms of UE positioning performance for RAT dependent NR positioning solutions and thus suggest to support it for the benefit of NR technology. Based on analysis of pros and cons provided in this table we have following proposal.

Proposal 1: 
NR Positioning supports reporting of the received signal waveform(s) by UEs
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Annex A – Evaluation Assumptions
In this section, we provide additional description of the evaluation assumptions for NR DL positioning studies that were conducted according to the agreed evaluation methodology for NR Positioning under perfect network synchronization assumptions.
Table 1: NR DL Positioning Evaluation Assumptions
	Parameters
	FR1/FR2 specific values

	Signal bandwidth, subcarrier spacing
	FR1: 5 MHz (15 kHz) and 100 MHz (30 kHz)

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	PRS Physical Structure
	Single port
Density (number of occupied REs per symbol/PRB): 12
Single symbol transmission
Boosting = 0dB

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	Evaluation Scenario: Open Office
No TX beam sweeping
TX: Single TX Port, Quasi-Omni Pattern
RX: Two X-pol RX Ports, Quasi-Omni Pattern

	RX Processing
	

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	Alg.1 – FAP timing estimation based on adaptive threshold for CIR processing
Alg.2 – Super-resolution FAP timing estimation algorithm (MUSIC)
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