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Introduction 
In the SID of [1], the following objectives define the scope in the study item “Study on expanded and improved NR positioning” w.r.t. SL positioning:
	
· Study solutions for sidelink positioning considering the following:
·  [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc 
· F++++rom sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
[bookmark: _GoBack]Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed öwhether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.



This contribution discusses the evaluation methodology for different coverage scenarios and use cases that have to be considered for studying positioning solutions w.r.t. SL positioning.

Evaluation Methodology
V2X evaluation methodology is described in TR37.885 [2]. For the evaluation of sidelink based positioning technologies some complementary definitions or extensions may be required. Furthermore, for the evaluation of core performance simplified setups may be sufficient. Hence, we propose simplifications or amendments to the methodology descripted in [2] due to the following reasons: 
· [2] focuses on V2X. Sidelink based/enhanced positioning and ranging concepts may be also applicable to other scenarios (e.g. industrial applications like InF).
· The accuracy of ToA (RTT, TDOA) measurement or phase measurement based concepts, especially the characteristics of the multipath components arriving with low delay relative to the LOS path, are relevant. Examples are ground reflections. The effect introduced by ground reflection depends highly on the UE height. 
· To better characterize the impact of the channel condition we propose a statistical analysis of the simulation results in relationship to the channel properties. This allows to identify performance limitation versus channel conditions and will provide further information of the reliability of the technologies without modifications of the channel models. 
Elements as defined in [2] (e.g.: antenna models) can be adopted or may be replaced by simplified models (e.g.: omni-directional antennas).
Focusing on the core part of SL positioning to be specified by RAN1 we propose to evaluate the ToA or distance measurement accuracy using the system level channel model parameters as defined by TR38.901 [3] and [2]. The probability of critical scenarios may highly depend on the parameter set. For selected scenarios, a high reliability may be required (confidence 95% to 99%). To demonstrate this reliability critical channel scenarios shall be included with sufficient probability. An alternative evaluation method may be the performance evaluation versus parameters derived from the channel classification. Especially the impact of the multipath component arriving with a small delay relative to LOS component may have a high impact on the accuracy of the ToA measurement of the first arriving path (FAP). Examples for multipath components arriving with low delay are ground reflections or reflection from objects close to the UEs. 
Evaluation methodology for the identification of required bandwidth
The achievable accuracy for timing methods has been evaluated in the NR positioning study items during Rel-16 and Rel-17 ( [4], [5]). Similar observations can be also carried out on the bandwidth needed to achieve the accuracy requirements for sidelink applications. In addition, the very high availability requirements demand for V2X applications, for example, allocation of positioning reference signals with higher bandwidth as currently supported for SL shall be considered. 
For sidelink different scenarios may be relevant. Examples are:
· High accuracy distance measurements to objects within a low coverage radius (distance UE to roadside unit (RSU) or another vehicle, for example). In this case effects like ground reflections or other critical LOS scenarios become relevant.  
· In out-of-coverage or partial coverage scenarios the distance to far away UEs may be of interest also. For high distances the LOS probability may be low and a limited accuracy will result anyway. In this case a reduced bandwidth may be sufficient.
For positioning applications, when measuring the ToA of the first arriving path, especially, the multipath components arriving with a low delay have a high impact to the accuracy. The randomly generated channel impulse response according TR38.901 [3] may have different “levels of difficulty” in terms of TOA estimation. For better evaluation of the ToA accuracy performance versus “level of difficulty” we introduced a metric similar to the K-factor, called “KF-early cluster” (KFEC). The KFEC is defined by 

where  is the set of indices of clusters having a delay less than , i.e.,   and  is the delay relative to the LOS delay. 
Hence, this evaluation methodology can be performed using the 3GPP models without modification. Optionally, modified parameter can be used to generate more channel representations in the area of interest avoiding long simulations to achieve a sufficient number of CIR with a level of difficulty of interest.  As an example, we considered the multipath components arriving with a delay less than  = 50ns (covering objects in a distance in the range of  0m to app. 30m or more, depending on the angle of the obstacle relative to the UE or gNB). For the evaluation we generated a separate ToA error CDF for each  range. The methodology was implemented as follows: 
· All CIRs for the randomly dropped UEs are generated in line with TR38.901 [3] using InF_LOS parameter. 
· For each drop we extracted the  from the channel coefficients generated by the model. The  was calculated for each gNBUE link using a system level setup with InF_LOS configuration or other scenario tables according to TR38.901 [3].

Proposal 1: 	For the selection of the required bandwidth the level of difficulty of the channel shall be taken into account. As a metric for the level of difficulty we propose to extract the  from CIRs generated by TR38.901 models with 
- Option 1: 
 	- Option 2: 


If ground reflections are considered,  is in the range of 0 .. 20dB or lower, if realistic non-ideal antenna patterns are taken into account.

Proposal 2: 	TR38.901 includes a model for ground reflection. Using this feature, the evaluations match measurements from real-world scenarios to identify solutions for the high accuracy and high availability requirements.


CIRs with very low  of below 0 dB (strong early echoes compared to the power of the LOS path) are similar to NLOS channels not considering the ATOA model. The ATOA model is only defined for InF scenarios. Very low  represent scenarios where the first arriving path (FAP) is no longer considered as specular reflection and is more related to a reflection from a cluster including several subpaths in line with the TR38.901. 

Proposal 3: 	For the evaluation of the accuracy of the SL ranging ToA performance and the resulting required bandwidth select the ToA error CDFs for CIRs with following level of difficulty:
· Use case targeting high accuracy:  = 0 .. 20dB 
· Use case with high NLOS probability:  = -20 .. 0dB


Figure 1 depicts an exemplary illustration of the ToA error versus “KF early”. The figure gives an example of the performance impact of early arriving multipath components such as ground reflections or other reflections from objects close to the TRPs.  
[image: ][image: ]
[bookmark: _Ref101467094]Figure 1: Mean abs ToA error versus “KF early”

Conclusions:
In this contribution we have discussed the evaluation methodology for different coverage scenarios and use cases that have to be considered for SL positioning and made the following proposals:

Proposal 1: 	For the selection of the required bandwidth the level of difficulty of the channel shall be taken into account. As a metric for the level of difficulty we propose to extract the  from CIRs generated by TR38.901 models with 
- Option 1: 
 	- Option 2: 


Proposal 2: 	TR38.901 includes a model for ground reflection. Using this feature, the evaluations match measurements from real-world scenarios to identify solutions for the high accuracy and high availability requirements.

Proposal 3: 	For the evaluation of the accuracy of the SL ranging ToA performance and the resulting required bandwidth select the ToA error CDFs for CIRs with following level of difficulty:
· Use case targeting high accuracy:  = 0 .. 20dB 
· Use case with high NLOS probability:  = -20 .. 0dB
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BW 100MHz : Abs Toa error CDF for different "KF early" ranges, KF50ns.
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