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1. Introduction
[bookmark: _Hlk134894944]RAN4 has studied many aspects about AI/ML use case aspects in Rel-18 SI stage, including CSI feedback enhancement, beam management enhancement and positioning accuracy enhancement. The outcomes of the study for positioning are captured in TR 38.843 [1]. In the last RAN4 meeting, the WF [2] for AI/ML based positioning is captured as 
	Issue 3-2: Requirements for case 3a/3b
RAN4 will not define positioning accuracy requirements for case 3a/3b
Issue 3-6: Requirements for case 2a/2b
RAN4 to come back to case 2a/2b based on progress in the other working groups


In this contribution, we further provide our views on testability and interoperability aspects for positioning accuracy enhancement.
2. [bookmark: _Hlk73468315]Discussion
For AI/ML positioning cases, 5 sub-use cases are identified and summarized in Table 1.
1. A detailed list of various positioning cases
	Cases
	Priority
	Model deployment
	Positioning methods
	Measured by which entity
	Model output
	Position calculation

	Case 1
	1st priority
	UE-side
	Direct AI/ML positioning
	UE
 (Downlink positioning)
	Position
	UE-side

	Case 2a
	2nd priority
	UE-side
	AI/ML assisted positioning
	UE
(Downlink positioning)
	Intermediate feature
	LMF

	Case 2b
	2nd priority
	LMF-side
	Direct AI/ML positioning
	UE
(Downlink positioning)
	Position
	LMF

	Case 3a
	1st priority
	gNB-side
	AI/ML assisted positioning
	gNB
(uplink positioning)
	Intermediate feature
	LMF

	Case 3b
	1st priority
	LMF-side
	Direct AI/ML positioning
	gNB
(uplink positioning)
	Position
	LMF



Fig. 1. shows the illustrations for all the 5 sub-use cases.
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(a) Case 1
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(b) Case 2a
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(c) Case 2b
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(d) Case 3a
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(e) Case 3b
Fig. 1. Illustration of 5 sub-use cases

2.2	Accuracy requirement for model output
Accuracy requirement for UE position
For the direct AI/ML positioning, the UE position is the model output and RAN4 has never defined such requirement in the previous releases. If the UE position is inferred and needs to be reported to LMF, e.g., case 1, may be the accuracy requirement needs to be defined and the feasibility needs to be considered in RAN4. Here we give an example for accuracy of UE position. The reported contents may be a coordinate (x1, y1, z1) for P1, x1, y1 and z1 are the related location compared with the local coordinate system, and the real coordinate of the target UE is (x0, y0, z0) for P0, then the accuracy metric can be the Euclidean distance of these two coordinates:



In these methods, the accuracy requirement can be simply defined and the unit is meter. If the reported content is other types, it can be simplified as . Dmin represents the straight-line distance of two position points.
Proposal 1: RAN4 to consider the straight-line distance (unit: m) between the real position and the estimated position as the metric for accuracy requirement, if needed to be defined for case 1.
Accuracy requirement for intermediate feature
In the last RAN1 meeting, following agreements about intermediate features for assisted AI/ML positioning are reached.
	Agreement
For AI/ML assisted positioning Case 3a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via UL RTOA or gNB Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.

Agreement
For AI/ML assisted positioning Case 2a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via DL RSTD or UE Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.



According to the previous RAN4 discussion, the intermediate feature, which is the output of the assisted AI/ML positioning method, includes ToA, RSTD and LoS/NLoS indicator, need to be taken into consideration. From RAN1 agreements, it can be observed that at least LoS/NLoS indicator and timing-related intermediate features, including DL RSTD and UE Rx-Tx time difference, are identified to be reported for case 2a. DL RSTD and UE Rx-Tx time difference is existing measurements in Rel-16/17 NR positioning and RAN4 has defined the accuracy requirement for such measurement. In AI/ML based positioning, there is no reason not to define the requirement and testability for such existing KPIs, and whether the existing requirement can be reused is FFS (simulation and more progress are needed). For ToA, it is always used as the model output for assisted AI/ML positioning to calculate the RSTD, and another feasible way it to report it to NW to derive the UE position. Since it is a receiving timing measurement-like model output (like UE Rx-Tx time difference), RAN4 needs to consider define requirement for such KPI if ToA is agreed by RAN1 that is supported to be reported.
Proposal 2: RAN4 to define performance requirements for the existing timing-related intermediate features: DL RSTD, UE Rx-Tx time difference for case 2a, and FFS whether the already defined requirements can be reused.
Proposal 3: RAN4 to consider define performance requirements for the new metrics, e.g., ToA, if agreed by RAN1 to be reported to NW.
For LoS/NLoS indicator, RAN1 has discussed in Rel-17 and reached the agreement that no RAN4 requirements are expected for the LoS/NLoS indicator in RAN1’s understanding. However, in Rel-19 AI/ML, the LoS/NLoS indicator is a very important intermediate feature, which is already agreed by RAN1 that the indicator is support to be reported to NW. In legacy NR positioning, the applied scenarios are always assumed as LoS environment, or NLoS environment while the signal attenuation in the LoS direction is not very large, so that the position of the target UE can be calculated e.g., by some additional paths report in LMF. In AI/ML based positioning, the assumed scenarios are indoor factory and the environment is complicated, includes LoS, NLoS or even heavy NLoS, which makes the LoS/NLoS indicator more important, and the accuracy requirement may need to be defined by RAN4.
The LoS/NLoS indicator can be categorized to two types, as described in TS 38.214
	LoS/NLoS indicator captured in TS 38.214
The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-IndicatorRequest. The UE can report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator associated with each DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and UE Rx-Tx time difference measurements. The UE can report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator associated with each dl-PRS-ID in a measurement report. For the LoS/NLoS indicator(s) associated with DL RSTD, the UE may report one indicator associated with the dl-PRS-ID indicated by higher layer parameter dl-PRS-ReferenceInfo and one indicator associated with the dl-PRS-ID of the DL RSTD measurement. A UE may be provided with LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator, and it may be associated with each DL PRS resource of each configured dl-PRS-ID or may be associated with each configured dl-PRS-ID. The values of the higher layer parameter LOS-NLOS-Indicator may be soft values (0, 0.1, …, 0.9, 1) or hard values (0, 1) with the values corresponding to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.


For the LoS/NLoS indictor soft value, it is a probability as (0, 0.1, …, 0.9, 1) and it is not possible to define requirement for the soft value. But for the hard value, it is (0, 1) with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS, and it is possible to define a metric to reflect the estimated accuracy of LoS/NLoS environment. 
Observation 1: It is maybe not possible to define requirement for the LoS/NLoS indicator soft value.
Here we give an example for accuracy and test of LoS/NLoS indicator hard value as illustrated in Fig. 2.


Fig. 2. The illustration of an example of accuracy and test for LoS/NLoS indicator hard value.
Where M is the number of samples/paths, N is the number of AI/ML inference times, M1 is the number of times of misestimation. P0 is the accuracy requirement under a certain condition, which is a probability, e.g., 90%. P1avg is the averaged estimated probability for LOS/NLOS indicator.
Proposal 4: RAN4 to define performance requirement for LoS/NLoS indicator hard value, the accuracy requirement can be the probability of maximum LoS/NLoS misestimation.
2.3 Accuracy requirement for model input
To achieve high positioning accuracy for AI/ML based positioning, RAN1 is discussing the necessity of specifying new potential measurement reports as model input, such as CIR/PDP/DP. These model input measurements are information of raw channel. Based on RAN1 discussion, following components may needs to be measurement and report
· Path/sample power
· Path/sample phase
· Path/sample delay

RAN1 has reached the agreements in the last meeting as
	Agreement
· For AI/ML based positioning case 3b, at least the following types of time domain channel measurements are supported for reporting: 
(a) timing information;
(b) paired timing information and power information.

Agreement
· For AI/ML based positioning case 2b, at least the following types of time domain channel measurements are supported for UE reporting to LMF: 
(a) timing information;
(b) paired timing information and power information.

Agreement
In Rel-19 AI/ML based positioning, regarding the time domain channel measurements, RAN1 investigate the following alternatives:
· Alternative (a).  Sample-based measurements, where the timing information is an integer multiple of sampling periods. 
· Alternative (b).  Path-based measurements, where the timing information is according to the detected path timing and may not be an integer multiple of sampling periods.
The issues to be studied include, but not limited to, the following:
· Tradeoff of positioning accuracy and signaling overhead
· Impact and necessary details of gNB/UE implementation to obtain the channel measurement values. 
· Whether the same Alternative(s) applies to all cases or not
· Applicability and necessity of specifying the Alternative(s) to different cases
· Note: different sub-cases may have different issues. 
Note: In addition to timing information, the components for the channel measurement for model input may also include power and potentially phase. To provide the type of the channel measurement in their investigation.
Agreement
For AI/ML based positioning for all use cases, RAN1 investigate the necessity and feasibility of using phase information (in addition to timing information and power information) for determining model input. The issues to study include:
· Tradeoff of positioning accuracy and signaling overhead
· The impact of transmitter and receiver implementation
· Specification impact
· Other aspects are not precluded
Note: the phase information may be used in different ways, e.g., one phase value for the first path or first sample only; triplet of {timing information, power information, phase information} for CIR, etc.


Based on RAN1 agreement, whether the phase information is support to be reported to NW is still under discussion. RAN4 can wait the progress of RAN1 to deicide whether to define the requirement for phase.
Proposal 5: RAN4 to wait RAN1 progress to decide whether to define requirement for phase information.
For case 2b, RAN1 agreed that at least (a)	timing information and (b)	paired timing information and power information are supported to UE for reporting to LMF. Besides, there two alternatives (a) sample-based measurements and (b) path-based measurements are still under RAN1 discussion. Based on the current progress in RAN1, it is necessary for RAN4 to define requirement for delay and power.
Proposal 6: RAN4 to define requirement for delay and power for case 2b, whether the measurement is sample-based measurement or/and path-based measurement is based on the progress of RAN1.
It is not like the legacy measurements, AI/ML based positioning requirement a set of measurement values as model input, e.g., power information: {RSRP1, RSRP2, …, RSRPN}, or/and delay information: {delay1, delay2, …, delayN}, where N is the number of samples/paths. Then, the AI model output a position or intermediate feature. Thus, define accuracy requirement for only one power or/and delay may be does not make sense. An alternative way is to define requirement for the vector or the matrix. For example, the real power information can be written as RSRPreal= [RSRPreal1, RSRPreal2, …, RSRPrealN], the estimated power information can be written as RSRPestimated= [RSRP1, RSRP2, …, RSRPN], and the accuracy of the power information can be calculated as 


Similar way can also be applied to the delay information requirement.
Proposal 7: RAN4 to consider define requirement for power/delay information as the vector, e.g., ΔRSRP=SGCS(RSRPreal, RSRPestimated), where RSRPreal= [RSRPreal1, RSRPreal2, …, RSRPrealN] is the real power information, RSRPestimated= [RSRP1, RSRP2, …, RSRPN] is the estimated power information, N is number of sample/path.
2.4	Testability aspects
Pre-deployment test
For the pre-deployment test or conformance test, the issue of how to obtain the ground truth value needs to be first raised to considered. UE cannot derive its ground truth value of position and intermediate feature (except LOS/NLOS indicator) during the conformance testing by any methodology, if the legacy test method is used. The only way for DUT to derive the ground truth value is to deploy some PRUs in the test system, as we mentioned in our general part contribution [3]. For direct AI/ML positioning, UE/NW can perform label-based performance validation by comparing the model output position with the known PRU location, while the model input is the channel measurement of PRU. For AI/ML assisted positioning, PRU measurements together with the location information are still needed. Also, some other information, e.g. locations of TRPs, is also needed so that the ground truth value of intermediate feature can be calculated by geometry. Similar label-based validation procedure can be performed as the above contents for direct AI/ML positioning.
Observation 2: PRUs can be deployed in the test scenario to provide measurements together with the location information.
Proposal 8: RAN4 to consider deploy PRUs in pre-deployment test so as to derive the ground truth value of UE position and intermediate features.
Observation 3: At least LoS/NLoS indicator hard value can be tested since the LoS/NLoS environment is known in test system. 
Generalization
AI/ML based positioning is a very area specific use case, especially for direct AI/ML positioning. According to RAN1 evaluation, assisted positioning with multi-TRPs is the methodology with better generalization performance than single-TRP. RAN1 also discussed other ways to improve the generalization performance, e.g., fine-tuning, which increases the performance in different drops. From RAN4 perspective, the testability for direct AI/ML positioning and assisted AI/ML positioning needs to be considered respectively. For the direct AI/ML positioning, RAN4 first needs to discuss whether to introduce the reference scenario/model/dataset. The test under reference scenario/model/dataset can provide a reference performance in certain conditions to guarantee the positioning performance would not degrade to an unexpected level in the field. For the assisted AI/ML positioning, since the generalization performance is better than AI/ML direct positioning, there may be no need to introduce the reference scenario/model/dataset, and the legacy test method can be reused. Further discussion is needed for the generalization aspects, and RAN4 needs to find out what kind of key factors would impact the performance of positioning.
Proposal 9: RAN4 to discuss the key factors that affect the performance and consider introduce reference scenario/model/dataset for AI/ML based positioning test for generalization.
3. Summary
In this contribution, we provided our views on AI/ML based positioning. Based on above analysis, following observations and proposals are present.
Proposal 1: RAN4 to consider the straight-line distance (unit: m) between the real position and the estimated position as the metric for accuracy requirement, if needed to be defined for case 1.
Proposal 2: RAN4 to define performance requirements for the existing timing-related intermediate features: DL RSTD, UE Rx-Tx time difference for case 2a, and FFS whether the already defined requirements can be reused.
Proposal 3: RAN4 to consider define performance requirements for the new metrics, e.g., ToA, if agreed by RAN1 that support to be reported to NW.
Observation 1: It is maybe not possible to define requirement for the LoS/NLoS indicator soft value.
Proposal 4: RAN4 to define performance requirement for LoS/NLoS indicator hard value, the accuracy requirement can be the probability of maximum LoS/NLoS misestimation.
Proposal 5: RAN4 to wait RAN1 progress to decide whether to define requirement for phase information.
Proposal 6: RAN4 to define requirement for delay and power for case 2b, whether the measurement is sample-based measurement or/and path-based measurement is based on the progress of RAN1.
Proposal 7: RAN4 to consider define requirement for power/delay information as the vector, e.g., ΔRSRP=SGCS(RSRPreal, RSRPestimated), where RSRPreal= [RSRPreal1, RSRPreal2, …, RSRPrealN] is the real power information, RSRPestimated= [RSRP1, RSRP2, …, RSRPN] is the estimated power information, N is number of sample/path.
Observation 2: PRUs can be deployed in the test scenario to provide measurements together with the location information.
Proposal 8: RAN4 to consider deploy PRUs in pre-deployment test so as to derive the ground truth value of UE position and intermediate features.
Observation 3: At least LoS/NLoS indicator hard value can be tested since the LoS/NLoS environment is known in test system.
Proposal 9: RAN4 to discuss the key factors that affect the performance and consider introduce reference scenario/model/dataset for AI/ML based positioning test.
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