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At RAN#83, the following objectives were agreed in [1] to support NR RAT-dependent positioning:
	· Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives 
· Define extensions of LPP protocol for NR RAT-dependent positioning 



In this contribution, we discuss an extension of the reporting mechanisms via LPP needed to achieve the accuracy requirements and other QoS indicators based on the outcome of NR Positioning Study Item in TR 38.855 [2].

NR positioning reporting requirements
Beyond the regulatory use case with relatively relaxed requirements on the location accuracy, the WI description [1] also considers commercial use cases. As a basis, SA1 has defined in TS 22.261 [3] seven service levels based on dedicated sets of requirements (horizontal accuracy, vertical accuracy, availability and latency) to be fulfilled in the 5G Positioning Service Area (mostly coinciding with the communication service area) or a 5G Enhanced Positioning Service Area. The idea of positioning service levels has been taken to RAN1, see for example [4]. [2] shows that in RAN the performance targets like 
· 10 m horizontal accuracy and 3 m vertical accuracies outdoors and
· 3 m horizontal accuracy and 3 m vertical accuracies indoors (indoor deployment)
are dedicated to commercial use cases and are regarded as a starting point. 

RAN2 has decided to extend LPP for supporting NR positioning. In order to enable the positioning service according to the specified accuracies, LPP already supports several technologies, where most of them have at least one component based on timing estimation (OTDOA, UTDOA, or RTT measurements). LPP considers RSTD measurement reports of downlink timing measurements for OTDOA positioning and RTT is provided with UE-RxTxTimeDiff measurements. Note that UTDOA does not require UE reporting by nature. The achievable accuracy of timing-based positioning relies, however, on accurate measurement reports, especially, as more accurate timing measurements (compared to Release 14 UEs) become available with the advent of high bandwidths of 100 MHz in FR1 and 400 MHz in FR2 for NR.
In LPP, the RSTD reporting granularity is bound to the definition of 1Ts = 64Tc. RSTD_delta enables to report with a granularity of up to 0.5Ts = 32Tc. 
Observation 1: LPP offers reporting accuracy with a finest granularity of 0.5 Ts.

Table 1 shows basic reporting granularities/sample length offered by the numerology of NR and the resulting quantization errors for different signal bandwidths and their corresponding values of SCS and NFFT. Given a uniform distribution of the quantization error, the maximum absolute error and the RMSE for the distance estimates results in
, respectively
.

[bookmark: _Ref870963]Table 1 – Basic Reporting granularity.
	Frequency Range
	SCS of uplink signals [kHz]
	NFFT
	Basic Reporting Granularity/ Sample Length (Tquant)
	Corresponding max quantization error [m]
	Corresponding quantization RMSE [m]

	1
	15
	1024
	65ns= 2Ts = 128Tc
	19.5
	5.63

	
	30
	1024
	33ns= 1Ts = 64Tc
	9.9
	2.86

	
	60
	1024
	16ns= 0.5Ts = 32Tc
	4.8
	1.39

	
	15
	2048
	33ns = 1Ts = 64Tc
	9.9
	2.86

	
	30
	2048
	16ns= 0.5Ts = 32Tc
	4.8
	1.39

	
	60
	2048
	8ns= 0.25Ts = 16Tc
	2.4
	0.69

	2
	60
	2048
	8ns= 0.25Ts = 16Tc
	2.4
	0.69

	
	120
	2048
	4ns= 1/8Ts = 8Tc
	1.2
	0.35

	
	60
	4096
	4ns= 1/8Ts = 8Tc
	1.2
	0.35

	
	120
	4096
	2ns= 1/16Ts = 4Tc
	0.6
	0.17



In order to achieve meter or sub-meter positioning accuracy the quantization errors from Table 1 are obviously too large in any setting for FR1 and even for most settings in FR2. In principle, they should be at least an order of magnitude below the targeted accuracy. Also the more relaxed accuracy figures agreed in RAN1 as benchmark for commercial use cases (see above, [3][4]) remain unachievable according to the current definition of RSTD or UE Rx – Tx timing reporting. As an example, assume the PRS-Signal is configured with a bandwidth of 100MHz and 60 kHz SCS (corresponds to a NFFT-length of 2048), the resolvable sample accuracy results in approximately 8ns or 0.25 Ts. 
The current quantization may be sufficient for standard correlation based timing estimation, but high or super resolution algorithms (like the MUSIC algorithm) may offer higher accuracies with root mean square errors well below 1/BW requiring an order of magnitude lower quantization of the signaling.
Observation 2: Quantization error on the reporting granularity off LPP is too high to achieve position estimates less than 1m in root mean square sense and does not reflect high resolution algorithms.
Proposal 1: RAN2 shall consider a 10 times finer reporting granularity of timing estimates than the granularity offered by NR numerology via LPP.

Considerations on LPP
The reported SLS results for timing based methods in RAN1 #95 and RAN1 Ad-Hoc Meeting 1901 show that achievable accuracies range from few centimeters up to several meters. The results depend mainly on the scenario, measurement configuration (e.g. bandwidth derived from the SCS and NFFT configurations) and the device capabilities. Limited (computational) capabilities and power restrictions of the UE or bandwidth constraints may make high accurate reporting inefficient and, thus, unnecessary. Hence the following factors can define the needed reporting accuracy while keeping signaling overhead low:
· The required accuracy target for example based on the provided service levels in [4] for providing a diverse set of QoS parameters of commercial use cases. A low demanding service level can relax the reporting requirements.
· Measurement configuration (e.g. signal bandwidth) according to the presented considerations on Table 1 which highly influences estimation accuracy especially in challenging channel conditions.
· The UE capabilities have an impact on the achievable accuracy. For example, different types and qualities of timing estimators differ in performance within a given environment as shown in [5]. Reduced expected estimator accuracies render coarser reporting granularity necessary (but still an order of magnitude lower than the estimator accuracy), while high quality estimators require adequate higher granularity.
Proposal 2: RAN2 shall consider flexible estimation accuracy reporting based on the measurement configuration (e.g. SCS and associated NFFT-length), UE capabilities and the requested QoS.

Conclusion
In this contribution, adaptations to the NR positioning reporting are discussed. The following observations and proposal are concluded:
Observation 1: LPP offers reporting accuracy with a finest granularity of 0.5 Ts.
Observation 2: Quantization error on the reporting granularity off LPP is too high to achieve position estimates less than 1m in root mean square sense and does not reflect high resolution algorithms.
Proposal 1: RAN2 shall consider a 10 times finer reporting granularity of timing estimates than the granularity offered by NR numerology via LPP.
Proposal 2: RAN2 shall consider flexible estimation accuracy reporting based on the measurement configuration (e.g. SCS and associated NFFT-length), UE capabilities and the requested QoS.
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