3GPP TSG-RAN WG1 Meeting #112bis-e 	R1-2303859
E-meeting, 17-26 April, 2023

Agenda Item:	5
Source:	Huawei, HiSilicon
Title:	Discussion on error source distributions
[bookmark: _GoBack]Document for:	Discussion and Decision

Introduction
RAN1 received an LS from RAN2 on RAT-dependent integrity with the following content.
	1. Overall Description:
During the discussion on RAT-dependent positioning integrity, RAN2 has reached the following agreement regarding the distribution of error sources:
Agreements:
RAN2 anticipate that the error sources are overbounded by a Gaussian distribution.
RAN2 would like to confirm with RAN1 on the above agreement regarding the distribution of error sources and respectfully ask RAN1 to provide the parameters (e.g. mean and standard deviation) for the overbound Gaussian distribution.


2. Actions
To RAN1 groups
ACTION: 	RAN2 respectfully asks RAN1 to confirm above agreement and provide the parameters (e.g. mean and standard deviation) for the overbound Gaussian distribution.



In this paper, we provide our views on the error source distribution from RAN1 perspective.

Discussion
Overbounding
During the SI, RAN1 concluded the following error sources with their distribution.
Table 6.1.1-2: Identified candidates for distributions to model the errors due to different error sources
	Error source
	Candidate(s) for distribution for error source

	Timing measurement errors (NOTE 1, 2, 3)
	Gaussian distribution

	Inter-TRP synchronization errors
	-	Uniform distribution (NOTE 4)
-	Gaussian distribution

	TRP location error (e.g., NR-TRP-LocationInfo in [16])
	-	Uniform distribution (NOTE 5)
-	Gaussian distribution

	TRP location error (e.g., Geographical coordinates in [17])
	-	Uniform distribution
-	Gaussian distribution

	ARP location error (e.g., ARPLocationInformation in [17])
	-	Uniform distribution
-	Gaussian distribution

	NOTE 1: Timing measurement errors are applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurements.
NOTE 2: It is assumed that the timing measurement error is associated with the first path.
NOTE 3: It is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided
NOTE 4: This may already be consistent with the uncertainty related to NR-RTD-Info in [16].
NOTE 5: This may already be consistent with the uncertainty related to NR-TRP-LocationInfo in [16].



We noticed that there may be discrepancy between RAN1 conclusion and RAN2 agreement in that RAN1 modelled the error distribution with Gaussian distribution, while RAN2 agreed that the error distribution can be overbounded by a Gaussian distribution.
The difference can be illustrated as following
For a Gaussian distribution , it can be overbounded by any Gaussian distribution  if , as shown in the left-handed side of Figure 1. The tail of  is larger than that of .
Even for a uniform distribution, it can be also overbounded by any Gaussian distribution given that the tail of a normal distribution is 0, as shown in the right-handed side of Figure 1.
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Gaussian overbounded by Gaussian
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Uniform overbounded by Gaussian


[bookmark: _Ref130896037]Figure 1 Illustration of overbounding 

With that in mind, we actually have some concern on replacing the RAN1 conclusion of a specific distribution with the another overbounded distribution, due to the following reasons:
For any error with Gaussian distribution, reporting a larger variance, which could be arbitrarily set, would suffice the overbounding criterion, but it will result in an over-conservative reporting of the variance.
It is not clear whether the RAN2 agreement also applies to uniform distribution. If so, for any error with uniform distribution, reporting an overbounding Gaussian distribution actually loses the information belonging to the uniform distribution, while the selection of the variance of the Gaussian distribution can be arbitrary, since any Gaussian distribution overbounds any uniform distribution.
Observation 1: Having an overbounding Gaussian distribution for an error source with Gaussian distribution may result in an over-conservative reporting of the variance.
Observation 2: If RAN2 intention is to use overbounding Gaussian distribution for an error source with uniform distribution, it may lose the information of the uniform distribution, and the variance of the overbounding Gaussian distribution can be arbitrarily set.
Therefore, we think that it is worthwhile to consider both distributions as concluded in RAN1 during the SI.
Proposal 1: RAN1 clarifies that it is preferred to use the both distributions (Gaussian and Uniform) instead of using a single one to overbound both. RAN1 sees the problem of overbounding the uniform distribution with a Gaussian distribution.

Reporting of mean and std
In our understanding, regardless of whether the reporting is the Gaussian distribution itself or is the problematic overbounding Gaussian distribution, there is no need to report the mean anyhow.
The reason is that if there is any non-zero mean, it should be included in the quantity reporting itself. We cannot find any justification to report a ToA measurement X with Gaussian distribution , but not instead to report a ToA measurement  with Gaussian distribution .
For the std or the variance of the Gaussian distribution, we prefer to use a new field instead of reusing the current quality field due to the backward compatibility issues.
Proposal 2: To describe any Gaussian distribution for an error source, there is no need to report the mean, and a new field for the std can be introduced.
For the uniform distribution, there is no need to report the mean due to the same reason. A new field can be added to the range/bound of the uniform distribution.
Proposal 3: To describe any uniform distribution for an error source, there is no need to report the mean, and a new field for the range can be introduced.
With the discussion, we propose to endorse reply in the Appendix.
Proposal 4: Endorse the reply in the Appendix.

Conclusion
In this contribution, we discussed the draft LS from RAN2 on error distribution for RAT-dependent integrity. Based on the discussion, we have the following observations and proposals.
Observation 1: Having an overbounding Gaussian distribution for an error source with Gaussian distribution may result in an over-conservative reporting of the variance.
Observation 2: If RAN2 intention is to use overbounding Gaussian distribution for an error source with uniform distribution, it may lose the information of the uniform distribution, and the variance of the overbounding Gaussian distribution can be arbitrarily set.
Proposal 1: RAN1 clarifies that it is preferred to use the both distributions (Gaussian and Uniform) instead of using a single one to overbound both. RAN1 sees the problem of overbounding the uniform distribution with a Gaussian distribution.
Proposal 2: To describe any Gaussian distribution for an error source, there is no need to report the mean, and a new field for the std can be introduced.
Proposal 3: To describe any uniform distribution for an error source, there is no need to report the mean, and a new field for the range can be introduced.
Proposal 4: Endorse the reply in the Appendix.
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Appendix (Draft reply)
	1. Overall Description:
RAN1 thanks RAN2 for providing the agreement on distribution of error sources. RAN1 discussed this subject and has the following reply.
It is preferred to use both distributions (Gaussian and Uniform) instead of using a single one to overbound both. RAN1 sees the problem of overbounding the uniform distribution with a Gaussian distribution.
To describe any Gaussian distribution for an error source, there is no need to report the mean, and a new field for the std can be introduced.
To describe any Uniform distribution for an error source, there is no need to report the mean, and a new field for the range can be introduced.

2. Actions:
To RAN2
RAN1 respectfully requests RAN2 to take above feedback into account in their future work.
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