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Introduction
In RAN 94e meeting, the study item of further enhancements on positioning for NR with respect to integrity was proposed as follows [1]:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
In this contribution, we will discuss the possible error sources for  integrity of RAT-dependent positioning methods.

Discussion on Error source for NR RAT-dependent positioning integrity
General aspects
In RAN1 #109-e meeting, we have come to agreements about the error sources for NR RAT-dependent positioning integrity as following [2]:
Agreement
· Study sources of error for timing-based positioning and angle-based positioning methods, focusing on the following aspects
· Origin of the error source
· e.g., At UE and/or network side
· e.g., From assistance information, and/or measurements
· Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· [bookmark: OLE_LINK2]Criteria to become an error source (e.g., whether it is quantifiable, how much influence an error source has on determination on integrity)
· It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857) if evaluation is used to determine a distribution, mean and standard deviation or range of values of an error source
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study
Agreement
· At least the following error sources for timing-based positioning methods are studied
· TRP/UE measurements errors (e.g., ToA, Rx-Tx timing difference)
· [bookmark: OLE_LINK3]FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· [bookmark: OLE_LINK1]Error in assistance data (e.g., TRP location, Inter-TRP synchronization errors (e.g., RTD))
· TRP/UE Timing error
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error
Agreement
· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· [bookmark: OLE_LINK4]Error in assistance data (e.g TRP location, TRP beam antenna information)
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error
[bookmark: OLE_LINK5]In last RAN1 meeting, a lots of error sources were identified in all those contributions and can be classified according to the origin of the error sources. However, there is no criteria to decide which error sources should be considered in RAN-dependent positioning. At first, we can identify the possible error sources for a specific positioning method based on the origin of the error sources. Then, which error sources should be considered in RAN-dependent positioning are decided based on the criteria. Apparently, it difficult to determine an exact criteria now, but more clear criteria should be decided finally.
Proposal 1: It is better to make the criteria more clear.
[bookmark: OLE_LINK9]For the error caused by multipath/NLoS channel, it was classified as TRP/UE measurement error in last RAN1 meeting. Then it is more difficult to model the TRP/UE measurement error since the multipath/NLoS is considered as one of the factors that results in measurement error. Even if there is only LOS channel, measurement error still exists because of other factors like the noise. Of course, it is not realistic to collect all the factors that have influence on the measurement error. We can identify some main factors like multipath/NLoS channel, noise, and perhaps the interference. And then, we can figure out the model of TRP/UE measurement error synthetically. To simplify the modelling, it is better to perform the simulation to find out the distribution of measurement error which caused by many factors without considering other error sources. 
In addition, the simulation assumptions should be decided if we do want to perform simulation to model the measurement error. For example, TRPs and UE antenna configuration, Channel Model, model of the factors that have influence on measurement error, and so on.
Proposal 2: The model of UE/TRP measurement errors might be obtained via simulation without considering the impact of other error sources.

Error sources for timing-based positioning methods
The error sources listed in agreement are organized in Table 1, which also includes the mapping between an error sources and a positioning methods.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Tab.1 Error sources for timing-based positioning methods
	Origin of the error sources
	Error source
	Mapping with positioning methods

	1. Assistance information
	TRP location
	DL-TDOA, UL-TDOA, Multi-RTT

	2. 
	Inter-TRP synchronization errors
	DL-TDOA, UL-TDOA

	3. Network(LMF/gNB/TRP) side
	Timing error
	UL-TDOA, DL-TDOA

	4. 
	Measurements errors (TOA, Rx-Tx)
	UL-TDOA, Multi-RTT

	5. UE side
	Measurements errors (TOA, Rx-Tx)
	DL-TDOA, Multi-RTT

	6. 
	Timing error
	DL-TDOA, UL-TDOA



At first, for TRP location, it is provided by network and it is decided when the network is deployed. It is difficult to figure out the model of TRP location since the location is also obtained by measurement with lots of uncertain factors. Similarly, it is hard to find out the model of many other error sources. For simplicity, Gaussian distribution could be assumed for these errors just like what we did in A-GNSS integrity.
Proposal 3: For simplicity, Gaussian distribution can be assumed for these errors that are difficult to model.
Secondly, the TRP timing error, which from our understanding is the Tx/Rx Timing Error, seems to be one of the reasons that result in TRP synchronization error. When we model the TRPs synchronization errors, the impact of TRP timing error may be considered at the same time. Similarly, other error sources may not be completely independent with each other. In the aviation field, the error sources are assumed to be independent from each other to simplify the error modelling. In NR-dependent positioning integrity, whether these error sources can be assumed to be independent needs to be discussed.
[bookmark: OLE_LINK11]Proposal 4: Whether these error sources can be assumed to be independent needs to be discussed.
The effect of multipath channels on TRP/UE measurement error is shown in Figure 1 [3]. Apparently, the correlation function will be distorted which may lead to large range TOA measurement error. And the influence is different for different path delay and phase difference. And, the exact effect of multipath channels on the model the measurement error is hard to analyse and it can be observed via a lots of simulations.


Fig.1 Effect of multipath channels on correlation function [3].
Observation 1: Multipath channels may lead to large range TOA measurement error.

Error sources for angle-based positioning methods
The error sources for the angle-based positioning methods listed in the agreement are organized in Table 2.
Tab.2 Error sources for angle-based positioning methods
	Origin of the error sources
	Error source
	Mapping with positioning methods

	1. Assistance information
	TRP location
	DL-AOD, UL-TDOA

	2. 
	TRP beam antenna information
	DL-TDOA, UL-TDOA

	3. Network(LMF/gNB/TRP) side
	Measurements errors (AOA, RSRP, RSRPP)
	UL-TDOA

	4. UE side
	Measurements errors (RSRP, RSRPP)
	DL-TDOA


[bookmark: _GoBack]Figure2 shows the effect of multipath/NLoS channels on measurements error for angle-based positioning methods. For the measurement of RSRP, there is a strong path corresponding to LOS path which is not subject to any loss due to reflection, scattering and the amplitude of the receive signal in this path is denoted as C. Considering both multipath channel and LOS channel, the amplitude of the reference signal can be expressed as . If C is considered as a constant, then X is the Rician random variable because  and  are Gaussian random variables according to the central limit theorem [4]. And if C is assumed to be a Gaussian random variable, then the model of amplitude is the Gaussian Mixed Model. Accordingly, the model of the received power, that is the integral/sum of square of the amplitude X, can be analysed. For simplicity, the approximate distribution of the RSRP measurement error can be observed via a lots of simulations as mentioned in section 2.1 for simplicity. 


Fig.2 Effect of multipath channels on AOA/AOD measurement
Observation 2: The amplitude of the received reference signal considering multipath channel can be considered as the Rician random variable or the Gaussian Mixed Model.

Conclusion
In this contribution, we discuss about the error sources for NR RAT-dependent positioning integrity, and the proposals are summarized as follows:
Proposal 1: It is better to make the criteria more clear.
Proposal 2: The model of UE/TRP measurement errors might be obtained via simulation without considering the impact of other error sources.
Proposal 3: For simplicity, Gaussian distribution can be assumed for these errors that are difficult to model.
Proposal 4: Whether these error sources can be assumed to be independent needs to be discussed.
Observation 1: Multipath channels may lead to large range TOA measurement error.
Observation 2: The amplitude of the received reference signal considering multipath channel can be considered as the Rician random variable or the Gaussian Mixed Model.
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