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Introduction
At the RAN#81 WG meeting, the final version of study item description document for NR Positioning was approved [1]. One of the objectives of the study item is to define evaluation scenarios/methodology for NR Positioning studies.
	Objective:
Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (UMi-street canyon and UMa scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements


In this contribution, we discuss remaining aspects of evaluation methodology for 3GPP NR positioning studies, while our views on other topics are provided in companion contributions [3]-[5].
Remaining Aspects of NR Positioning Evaluation Methodology
In our view, the major aspects of NR Positioning evaluation methodology were discussed and agreed at the RAN1#94bis meeting. In particular, RAN1 WG agreed on all details for three evaluation scenarios as well as performance metrics to be used for NR positioning studies. In general, the already agreed NR Positioning evaluation methodology can be used for evaluation of RAT dependent solutions. Among remaining aspects that can be further additionally discussed, we have identified the following items:
Additional ISD for Scenario 3 UMa
Link level evaluation assumptions and performance metrics
Channel model related aspects
· Modification of NLOS channel model in terms of AoA and AoD (enforcing direction of the first arrival path towards LOS and corresponding rotation of the other paths)
· Map Based Channel Model
Baseline reference signals/configurations
SLS calibration
Additional performance metrics for link level evaluations
 Additional ISD value for UMa Scenario
At the last meeting, the UMa scenario with ISD = 500m was agreed for NR positioning studies. It was left open whether additional ISD should be considered. In our view, additional ISD = 1732 can be used for analysis to look into more noise limited scenarios.


Consider to add ISD = 1732m to UMa evaluation scenario (i.e. Scenario 3)

Link Level Evaluation Assumptions and Performance Metrics
Beside system level evaluations, RAN1 may need to conduct link level evaluations in order to analyze accuracy for estimation of signal location parameters (e.g. time of arrival, angles of departure/arrival, power, etc.). In this section, we express our views and propose link level evaluation assumptions for NR positioning study item. In general, majority of the assumptions agreed for system level study can be reused (e.g. UE and gNB antenna arrays, system BW, carrier frequencies, etc.) and only channel model parameters for link level studies need to be discussed.
[bookmark: _Ref525630020]Table 1: Link level evaluation assumptions for NR positioning studies
	Channel model
	Channel Model Type: 
· CDL-A/B/C/D/E models
	Possible DS values
· {30, 100, 300} ns
ASA, ASD, ZSA, ZSD 
· follow the values in sec 7.7.1 in TR 38.901 
Angles of TRP
· AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.
Angles of UE
· AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.




Reuse agreed system level evaluation assumptions for link level studies except channel modelling
Agree on channel model parameters for NR positioning link level studies provided in Table 1

Channel Model Modifications/Adjustment
NLOS AoA and AoD
Given that AoA and AoD measurements may be considered for NR positioning design options RAN1 need to decide how to interpret angles of departure and angles of arrival in NLOS channel models. In NLOS model there is no LOS path (K-Factor) defined and angles for the first arrival path are not aligned with the LOS direction between gNB and UE. At the same time we think it is quite natural to assume that the first path which propagation delay is equal to the distance b/w transmitter and receiver correspond to the LOS distance. Therefore, we think that the following minor correction need to be introduced in NLOS model for the purpose of NR positioning studies.


For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS, AOA and θLOS,ZOA similar to procedure applied for LOS case in [2]

Map Based Channel Model
In map-based channel model, the part of reflectors are dropped deterministically while some of the reflectors are dropped stochastically. In some of the solutions, it may be possible to use deterministically dropped reflectors for the sake of positioning. According to the 3GPP TR 38.901, “the map-based hybrid model defined in this clause is not calibrated and can be used per company basis”. Therefore we are not convinced that such model should be used at least as a baseline for NR positioning evaluation and more analysis may be needed. Therefore, we think that the use of map based channel model requires additional study and thus can be considered either in future releases or as an optional model if consensus is reached by RAN1.


Map based channel model requires additional study and can be considered in future releases

Baseline Configuration of Reference Signals for Analysis
Several companies proposed to align and agree on baseline parameters for reference signal transmission or define baseline reference signals. From our perspective, physical structure of reference signals in DL and UL are design aspects rather than evaluation methodology question. Therefore we are not sure that baseline reference signals should be defined or introduced as a part of evaluation methodology. On the other hand if discussion on baseline reference signals is mainly to justify introduction of new reference signals, then we believe it should be up to the proponent to show comparative performance vs legacy signals that are already available and can be potentially applied for positioning.


It needs to be further discussed why baseline reference signals/configurations should be considered as a part of NR positioning evaluation methodology

SLS Calibration
In general, it is desirable to have calibrated tools for system level evaluation across all companies. However, full calibration for NR positioning may consume a lot of RAN1 time and efforts since we will need to discuss and agree on details of algorithms for estimation of signal location parameters, align on the used set of signal location parameters, assumptions on reference signal configuration and their transmission schedule as well as details of the applied NR positioning algorithms itself. It is clear that full calibration can take a lot of RAN1 work/time to complete. Instead of full calibration campaign, it may be considered to perform simplified analysis based on agreed deployment/evaluation scenarios. However, according to our understanding the channel models were already calibrated by RAN1 WG. The calibration results based on TR 38.900 V14.0.0 can be found in R1-1700990.
Based on the discussion and considering limited amount of TUs allocated for study item as well as considering that there is no specific objective to perform calibration for NR positioning studies, we propose to not spend meeting and online standardization time for that purpose. If there is a significant interest in calibration, we would suggest to organize offline calibration campaign and can make a proposal on statistics to be collected.


RAN1 can organize offline calibration campaign, if calibration of SLS tools / NR positioning evaluation scenarios is deemed necessary

Additional Performance Metrics
At the last meeting there was a limited time allocated for discussion on link level evaluation assumptions and performance metrics. If link level evaluations and corresponding assumptions are agreed for NR positioning studies, the link level performance metrics need to be defined. For NR positioning studies, we would recommend to use CDF of estimation error of any signal location parameter (e.g. timing, AoA, AoD for elevation and azimuth, RSRP measurements, etc.). The CDF can be collected for given SNR points (or set of SNR points). The specific signal location parameter to choose is up to the proponent solution and should be indicated by proponent. 
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	Performance metric
	CDF of signal location parameter estimation error for given SNR
In addition STD of signal location parameter estimation error vs SNR can be considered
Note: Proponent to indicate signal location parameter and set of SNR points used for analysis




Agree on link level performance metrics for NR positioning studies as proposed in Table 2

Conclusions
In this contribution, we provided our views on scenarios and evaluation methodology for NR positioning studies. In summary, we have following proposals related to remaining aspects of NR positioning evaluation methodology.

Proposal 1: 
Consider to add ISD = 1732m to UMa evaluation scenario (i.e. Scenario 3)
Proposal 2: 
Reuse agreed system level evaluation assumptions for link level studies except channel modelling
Agree on channel model parameters for NR positioning link level studies provided in Table 1
Proposal 3: 
For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS, AOA and θLOS,ZOA similar to procedure applied for LOS case in [2]
Proposal 4: 
Agree on link level performance metrics for NR positioning studies as proposed in Table 2
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