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1. Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The agreed work item scope for AI/ML positioning is shown in below,
	
· Positioning accuracy enhancements, encompassing [RAN1/RAN2/RAN3]:
· Direct AI/ML positioning:
· (1st priority) Case 1: UE-based positioning with UE-side model, direct AI/ML positioning
· (2nd priority) Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML positioning
· (1st priority) Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
· AI/ML assisted positioning 		 
· (2nd priority) Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning	
· (1st priority) Case 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
· Specify necessary measurements, signalling/mechanism(s) to facilitate LCM operations specific to the Positioning accuracy enhancements use cases, if any
· Investigate and specify the necessary signalling of necessary measurement enhancements (if any)
· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE for relevant positioning sub use cases




In this contribution, we provide our view and design within the work item scope. The presentation is organized in the following manner, 
· General aspects: to deal with general issues encountered during the study item
· Use case break down and the corresponding design: first priority use cases to be discussed first, then the second priority ones


2. General aspects
2a Samples or paths? 
During the study item, the time-domain samples from the channel response measurements are generally applied as the model input. The difference between the samples and the paths is that, the samples are the observation of the channel response in time domain. The paths are the estimated time delays of the arrived signals based on the observation of the channel response in time domain. 

To obtain the channel response (samples) in time domain, the reference signals in frequency domain are processed to improve the received SINR. For example, if the DL-PRS is configured by comb-4 with 12 symbols, the time domain interpolation among the 12 symbols could be used to mitigate the CFO and Doppler spread/shift impact. And then IFFT could transform the channel frequency response to the time domain.
 
The above operation means, the algorithms are required in order to obtain the channel response in time domain, and it is up to UE implementation. To further determine the number of paths and the corresponding time delays based on samples (channel response), another algorithm is required and it is still up to UE implementation. Therefore, fair to say, both the samples and the paths are the measurements derived by algorithms. But on the other hand, the algorithm to determine the path timing may further induce the estimation error.


It is also fair to say that the time-domain samples basically could preserve more information than the paths. It is also not easy to say that the paths could represent the sufficient statistics of the samples. When a path timing is determined, it still relies on algorithm to determine the corresponding magnitude and even the phase, if needed.

It doesn’t say that the paths are not useful. Within the legacy measurement reporting, the timings have been determined to form DL-RSTD and UE RX-TX time difference values. The further extension on the reporting of more additional paths could also be considered when the model is deployed at the LMF. In this way, the impact to the LMF algorithm for position calculation could be reduced, and also, the increasing additional reported paths could be used to train the model at LMF.

It is also feasible for LMF to take the samples as the model input. However, the joint reporting on samples and paths may raise the concern for UE to disclose the implementation algorithms. One possible solution is that UE may be requested to report based on either the samples or the paths for LMF side model.

We propose “DL reference signal channel response” as the terminology for the measurement of the samples to be captured in TS 38.215. It is considered that that, “channel response” has been used in the definition of DL PRS-RSRPP, SL PRS-RSRPP, DL RSCP, UL SRS-RSRPP and UL RSCP, and the wording is neutral without touching the implementation in time domain or frequency domain. 

The measurement type “DL reference signal channel response” could be defined as the channel response obtained from the resource elements that carry DL PRS configured for the measurement.

For each measured sample, there is corresponding magnitude and phase. It doesn’t mean that all the parameters are to be reported. From the study in SI, the reporting may contain
· Selected samples, and the corresponding magnitude and phase (CIR)
· Selected samples and the corresponding magnitude (PDP)
· Selected samples (DP)

The sample selection mechanism could be up to UE implementation. To consider the overhead, a simple rule such as the maximum number of non-zero samples could be configured as the limitation.


Observation 2a-1: Both the samples and the paths are the measurements derived by algorithms. But on the other hand, the algorithm to determine the path timing may further induce the estimation error

Proposal 2a-1: The time-domain sample based measurement as the model input is preferred

Proposal 2a-2: The further extension on the reporting of more additional paths could also be considered when the model is deployed at the LMF

Proposal 2a-3: UE may be requested to report based on either the samples or the paths to LMF for LMF-side model

Proposal 2a-4: Define the measurement of the samples in TS 38.215

Proposal 2a-5: Consider “DL reference signal channel response” as the measurement of the samples to be capture in TS 38.215

Proposal 2a-6: The measurement type “DL reference signal channel response” could be defined as the channel response obtained from the resource elements that carry DL PRS configured for the measurement

Proposal 2a-7: Deprioritize to report the phase of the selected samples in the channel response measurement

Proposal 2a-8: The sample selection mechanism could be left to RAN4

Proposal 2a-9: If RAN1 decides to define the sample selection mechanism for overhead reduction, consider the simple rule. The limitation on the maximum number of non-zero samples within a channel response measurement could be configured


2b Timing issue: TOF vs TOA
In the study item, the fingerprinting approach by using the time domain channel response was studied. The model is trained to build up an association between multiple channel responses and a certain UE location, or some intermediate parameters such as timing and NLOS/LOS indicator.

We have defined the channel response measurement in previous section. The observation of the channel response may consider the relationship between the transmission boundary of a TRP and the reception boundary of UE, where the transmission boundary and the reception boundary could be understood as the start point for the transmission of a slot, and the start point for the reception of a slot, respectively. It is expected that when the reception boundary is adjusted, the observed channel response at UE would be changed. Fig. 2b-1 gives an example that the observed time delay of path is changed. In Fig. 2b-2 it further shows that the observed channel response is shifted.

[image: ]

Fig. 2b-1, 
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Fig. 2b-2, 
For example, if the actual propagation time between TX and RX is 3us, and if the reception boundary is 2us behind the transmission boundary, the UE may observe the time delay of the path at 1us. The reception boundary needs to be aligned with the transmission boundary so as to observe the actual propagation time 3us. 

However it may not be possible for UE to know the transmission boundary of a TRP. The UE may perform synchronization based on the cell specific signal that has been propagated to the UE. Further using the above example, when UE has observed the time delay of the path at 0us, the transmission boundary and the reception boundary may have been 3us apart.

The clock drifting issue may cause the FFT window at the UE to be shifted. Then it is quite general for UE implementation to move the FFT window earlier to be partially within the CP to prevent the shift of FFT window from containing samples of the next symbol.

From above it also means that, an actual propagation delay, also known as TOF (flight), and the observed time delay, also known as TOA (arrival), could be so different depending on the setting of reception boundary at UE. This is also equivalent to have huge number of shifted versions for a same channel response that is associated to a same location of UE. This has become a many-to-one mapping and we believe that this would cause a generalization problem. Note that in the study item, the evaluation is based on a strong assumption that the transmission boundary and reception boundary are so aligned that the first path delay within a channel response is the TOF under LOS.

Fig. 2b-1 gives a path timing example by using DL-TDOA case. In that, UE has reception boundary with the time difference, mu, from the transmission boundary of TRP1, and there is synchronization error between TRP1 and TRP2, indicated by delta. 

UE at the baseband may not be able to observe the preferred signal arrival time TOF1. It is perturbed by mu and the group delays induced at TX and RX sides, as shown within the figure. Further, UE at the baseband may also not be able to observe the preferred arrival time TOF2. It is shown to be perturbed by mu, delta, and the group delays induced at TX and RX sides. Fortunately, the mu could be cancelled when taking the difference on the two observed arrival time, which is to form a DL-RSTD value. Now the remaining impairment terms are delta, and group delay difference from two TXs.
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              Fig. 2b-1, example by DL-TDOA for DL-RSTD measurement



The impairment terms delta, and group delays also cause the generalization problem. This is also a many-to-one mapping problem so that to alleviate the issue, the small delays within a range are intentionally induced in the training data, with a same answer (label), as what was studied in SI.

TABLE 2b-1 shows our evaluation result for introducing small delays in the training data to deal with sync errors and group delays. It is found out that there are pros and cons for this approach,
· Advantage: when the training data are induced with the range of +-0ns, +-20ns and +-50ns delays and the model is tested with +-50ns sync error, the location error is 16.57m, 9.72m and 6.78m, which means the accuracy is improved and the catastrophic error could be avoided
· Disadvantage: when the training data are induced with the range of +-0ns, +-20ns and +-50ns delays and the model is tested with 0ns sync error, the location error is 1.56m, 4m and 5.14m, which means the error floor is raising

The synchronization error is not constant. It is time varying due to different clock drift level in different TRP. In our view, the larger delay range induced in the training data may not be desirable since the position error floor also raises. 
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                     TABLE 2b-1



Particularly, the mu and delta are at different numerical levels. The range of mu could be up to micro second, depending on the distance between UE and serving gNB, and the UE algorithm to determine FFT window starting point. The delta could be at tens of nano second range based on the evaluation assumption in Rel-16. Then using the approach of dealing with delta to also deal with mu may cause higher position error floor. 

It may happen that the training data is based on a certain reception boundary during the data collection, for example data being collected by PRUs. And during the inference, the UE may measure the channel response based on the own reception boundary which is quite different from that for the training data. Thus the position error would be significant. The result can be seen in R1-2308056 section 3.2.3, which is also duplicated with smaller font size in below.
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1. Evaluation of differenced CIR/PDP/DP measurement as model input
We evaluated the generalization performance of the direct AI/ML model with differenced CIR/PDP measurements as model input. The CIR/PDP/DP shifted by first path timing of reference TRP is called differenced measurement as discussed in section 3.1.3.13.
The settings of TOF means the first path timing of CIR/PDP/DP from each TRP is time of flight from TRP to UE, which is different for different UE locations. Simulations in other chapters are all based on TOF.
TOA means CIR/PDP/DP of all TRPs shifted by a common offset which is equal to the first path timing of reference TRP, and for all UEs, the first path timing of reference TRP is zero. 
Table 28.Evaluation results for AI/ML model deployed on UE or network-side without generalization, CNN, UE distribution area = [120x60 m]
	Model input
	Model output
	Label
	Settings (e.g., drops, clutter param, mix)
	Dataset size
	AI/ML complexity
	Horizontal pos. accuracy at CDF=90% (m)

	
	
	
	Train
	Test
	Train
	test
	Model complexity
	Computation complexity
	AI/ML

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {60%, 6m, 2m} TOF
	InF-DH {60%, 6m, 2m} TOF
	32400
	3600
	463.95K
	0.264G
	0.998

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {40%, 2m, 2m} TOF
	InF-DH {40%, 2m, 2m} TOF
	32400
	3600
	463.95K
	0.264G
	1.403

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-SH TOF
	InF-SH TOF
	32400
	3600
	463.95K
	0.264G
	0.987

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {60%, 6m, 2m} TOF
	InF-DH {60%, 6m, 2m} TOA
	32400
	3600
	463.95K
	0.264G
	20.894

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {40%, 2m, 2m} TOF
	InF-DH {40%, 2m, 2m} TOA
	32400
	3600
	463.95K
	0.264G
	10.783

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-SH TOF
	InF-SH TOA
	32400
	3600
	463.95K
	0.264G
	12.125

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {60%, 6m, 2m} TOA
	InF-DH {60%, 6m, 2m} TOA
	32400
	3600
	463.95K
	0.264G
	1.187

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-DH {40%, 2m, 2m} TOA
	InF-DH {40%, 2m, 2m} TOA
	32400
	3600
	463.95K
	0.264G
	1.549

	PDP[18,2,256]
	UE pos [x,y]
	0%
	InF-SH TOA
	InF-SH TOA
	32400
	3600
	463.95K
	0.264G
	1.313






If we follow the same solution of dealing with the synchronization error (delta) and group delay for the reception boundary misalignment (mu), the tremendously huge number of shifted versions of a same channel response needs to be built up for training, which intimidates the feasibility of implementation.

Based on the above, the TOF as the explicit model output, or implicit for UE location as the model output may not be available, the legacy concept of RSTD for model output maybe considered.

A RSTD is the relative time difference between two identified paths, one transmitted from the “RSTD reference” TRP, and another transmitted from a target TRP. A UE could indicate a value of zero for RSTD targeted to the “RSTD reference” TRP in the measurement list. Note that the relative time format could cancel the term related to the reception boundary, leaving the geography dependent term.

In above we have mentioned that we prefer to use the samples, instead of the paths as the model input. The reason is we try to keep the information intact without being disturbed by the algorithms. Honestly speaking, the samples within the channel response are observed based on UE algorithm to determine the reception boundary. It is not possible without using any algorithm before that the samples can be observed. Then the principle of the whole design is trying to use the UE algorithm as less as possible. 

The design needs to resolve the performance degradation due to the difference of the reception boundary between the measurement for training data and for inference. We have mentioned in above that using the approach for dealing with sync error to also deal with the reception boundary misalignment is questionable. For each label, it would correspond to a greater number of model input versions with the induced small delays. It may further blur the discrimination between labels.

To avoid inducing tremendous number of small delay versions at the model input, we could leverage the concept of RSTD = 0 for the measurement from signal of the RSTD reference TRP, and apply it to the channel response measurement. The following steps could be considered,
1. Determine the first arrival path delay within the observed channel response from signal of the RSTD reference TRP
2. Shift (cyclically) the channel response to the amount such that the first arrival path delay is reindexed at t = 0. It is equivalent to have RSTD = 0
3. For the channel responses derived from signals of other TRPs, shift the same amount as that for the channel response from signal of the RSTD reference TRP

The sample based channel response basically doesn’t determine the path. But here there is an exception. We give notes that,
· The first path delay is determined within the channel response from signal of the RSTD reference TRP. The first path delay is not determined within the channel response from signals of other TRPs
· The shift amount may not be exactly equal to multiples of sampling (elementary) period, since the identified first path delay could be between two adjacent samples, especially when high resolution algorithm is applied. Therefore, the linear phase rotation across subcarriers in frequency domain may be considered, and it may result in the adjustment of phase and magnitude on the samples in time domain

The main difference between the above steps, and the solution to induce tremendous number of small delays (shifts) on the channel responses as model input is that, the considered steps require a single shift value to be applied to all the channel responses. Further note that, the induction of the small delays on the channel responses would exceed 50ns range. The range of 2us may need to be considered since UE may allocate FFT window starting from half of CP.

We may consider to define the measurement “DL reference signal channel response offset” to account for the considered method. The required elements are,
· TRX_ref is the time when the UE receives the start of one subframe from the reference TP, defined by first detected in time
· “DL reference signal channel response offset” is defined as the shift in time with the amount to re-index 1st path delay at t=0 on the channel response derived from the reference TP. The same amount shifts the channel responses from other TPs

Even though that the training data are jointly collected by UEs of same vendor, the reception boundary among the group of UEs are still not the same. The method of channel response offset could be considered to align the UEs. 

It is also possible that the channel response offset could be performed by the training data entity. Then the UE reporting on the channel responses may provide timestamp, and the identifier that the channel responses are collected based on same reception boundary. The RX TEG reporting may also be needed, at least for UEs of same vendor.


Observation 2b-1: In the study item, the evaluation is based on a strong assumption that the transmission boundary and reception boundary are aligned so that the first path delay of a channel response is the TOF under LOS. In reality, only TOA could be derived

Observation 2b-2: In reality, it may not be possible for UE to know the transmission boundary of a TRP

Observation 2b-3: The clock drifting issue may cause the FFT window at the UE to be shifted. Then it is quite general for UE implementation to move the FFT window earlier to be partially within the CP to prevent the shift of FFT window from containing samples of the next symbol

Observation 2b-4: The transmission boundary time difference between TRPs (sync error, delta), and the time difference between transmission boundary of TRP and reception boundary of UE (mu) are not at the same numerical level. The range of mu could be up to micro second. The delta could be at tens of nano second range. Using the approach of dealing with delta to also deal with mu may cause higher position error floor

Observation 2b-5: It is possible that the measurements for training data and the measurements for inference are derived based on different reception boundary, which will cause the generalization problem

Observation 2b-6: Using the approach for dealing with sync error to also deal with the reception boundary misalignment is questionable. For each label, it would correspond to a greater number of model input versions with the induced small delays. It may further blur the discrimination between labels

Observation 2b-7: Even though that the training data are jointly collected by UEs of same vendor, the reception boundary among the group of UEs are still not the same


Proposal 2b-1: RAN1 to agree that the problem of the reception boundary misalignment between the measurements for training data and the measurements for inference needs to be resolved
 
Proposal 2b-2: We consider the solution with “channel response offset”. In that, the channel responses from all the TRPs are shifted in time with the same amount. This amount reindexes the first path delay to be at t=0 within the channel response derived from the reference TRP signal. This method may need to determine the first path delay within the channel response derived from the reference TRP signal 

Proposal 2b-3: To solve the reception boundary misalignment problem, and if “channel response offset” is not defined, UE could report the channel responses to data collection entity with identifier to indicate whether the measured channel responses are based on same reception boundary



2c Phase issue in CIR
In [1] it shows that at a subcarrier with the RF frequency fa, the observed phase related to the LOS path could be expressed as
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where,
· fc denotes the carrier frequency, fa denotes the frequency of a subcarrier
·  denotes the initial phase mismatch between TX and RX oscillator
·  denotes the transmission timing of the signal
·  denotes the arrival timing of the signal
·  denotes the slot (or symbol) boundary offset between TX and RX
·  is the desired phase

Note that, 
· RE may not be allocated at the carrier frequency
· The above development doesn't take the channel into account
·  could also be treated as the time difference of the start timing of FFT window between TX and RX

The initial phase mismatch term, , also appears at the phase part of the time domain samples closest to the LOS path delay after IFFT operation. This initial phase mismatch term may also appear at the phase part of the time domain samples closest to a NLOS path delay. Additionally, another phase may also be induced due to the cross polarization effect for a NLOS path delay,
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The phase induced due to the cross polarization effect could reflect the geography condition, then it is geography dependent. The initial phase mismatch term is related to TX and RX oscillator, and therefore it is geography independent. The geography independent term may potentially impact the model performance, for example when CIR is used for the model input, the training data provided by PRUs may not be possible to align the RX oscillator phase with the UE for inference purpose. During the study item, the geography independent term is omitted.

Proposal 2c-1: Further study the impact of geography independent term in the phase part of CIR, for example the initial phase mismatch between TX and RX oscillator


2d Use case priority
There are 3 cases to be listed as the first priority and the remaining 2 cases as the second priority in RAN plenary meeting agreement. Some observations are made in below,
· For NR positioning, UE, gNB and LMF are the 3 main players. Having the model in each side specifies the first priority use cases
· For the first priority cases
· The case 1 could be equivalent to the legacy measurement type DL-RSTD with UE side model
· The case 3b could be equivalent to the legacy measurement type UL-RTOA with LMF side model
· The case 3a could be equivalent to the legacy measurement types: UL-RTOA, UL-AOA and gNB RX-TX time difference with gNB side model
· For the second priority cases
· The case 2a could be equivalent to the legacy measurement type DL-RSTD, DL-AOD and UE RX-TX time difference with UE side model
· The case 2b could be equivalent to the legacy measurement type DL-RSTD, DL-AOD and UE RX-TX time difference with LMF side model

The prioritization may imply to rule out the second priority cases. The main impact due to the prioritization would be unfriendly to the DL+UL positioning method, which requires both UE and gNB for the measurements.

The most useful DL+UL positioning method in legacy is M-RTT. The particular advantage of M-RTT identified in Rel-16 over DL-TDOA and UL-TDOA is that, there is no synchronization error problem between TRPs. Then to enable AI/ML positioning for DL+UL position method, there could be two options:
1. There are models respectively at UE and gNB for measurement purpose, as two one-sided models
1. There are models at LMF for position calculation purpose, as direct AI method with UE assisted and RAN node assisted for the measurements

We slightly prefer the second option since case 3b has been supported as direct AI with RAN node assisted positioning. The additional effort is affordable to further support the UE assisted positioning from our view. Also, the measurements at UE side and gNB side may still suffer the generalization problem when there are respective model at each side. The below is the analysis.

Fig. 2d-1 gives a path timing example by using RTT case. In that, UE has the reception boundary with the time difference, mu, from the transmission boundary of TRP1. A TA value relative to the UE reception boundary is indicated as the UE transmission boundary. Both mu and TA are UE specific, mu being unknown and TA value being known to the UE, and the two variables cause the generalization problem for model at UE and at gNB.

It is also noted that TA and mu could be cancelled when combining the legacy UE RX-TX time difference measurement and the legacy gNB RX-TX time difference measurement. The similar idea could be leveraged when UE and gNB report channel response measurements to LMF as the model input.

When the channel response is measured, the UE could shift the response with a TA value. Then the first path timing implicitly residing in the channel response would be equivalent to UE RX-TX time difference. UE transmits positioning SRS based on the own transmission boundary, which is relative to the own reception boundary by TA, and the TRPs perform channel response measurement accordingly. The first path timing implicitly residing in the channel response would be equivalent to gNB RX-TX time difference. The two measured channel responses could form a pair as model input for model training for LMF side model. 

We propose in principle that the DL+UL positioning with AI/ML method is supported. The LMF side model could be considered for this method.
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Fig. 2d-1,


Observation 2d-1: The use case prioritization is unfriendly to DL+UL positioning method

Proposal 2d-1: Support in principle the DL+UL positioning with AI/ML method

Proposal 2d-2: Model at LMF could be considered for DL+UL positioning with AI/ML method


2e LCM: Training data collection for UE side model for positioning
Training data collection for the UE side model is crucial for AI/ML framework. We also address this issue in our companion paper submitted to AI/ML framework agenda item. The training data collection for positioning use case is particularly discussed in some more details in this contribution, from the reporting contents and assisted data aspects.

The general questions are,
· How does a UE collect the training data for UE side model? Note that the training data contains the model input and label
· The collaboration level among UEs for joint training data collection? For example, it is collected per UE basis, UEs of a same vendor, or all UEs? 
· Does the training data require a unified format?

When the label is UE location, there are several potential methods for the training data collection before enabling AI/ML,
1. Enable GNSS positioning so that the UE may obtain the location. UE also measures NR DL-PRS to obtain channel response as model input. UE maybe in UE assisted mode or in UE based mode, and PRU could be considered
o If UE is under the legacy UE assisted mode, the UE may not be able to re-adjust the channel response measurement to reduce the impact of sync error, since there is no RTD-info signalling
o If UE is under the legacy UE based mode, it is beneficial to combine the position calculation result from GNSS and NR positioning
2. Enable the legacy UE based positioning so that after NW provides gNB coordinates to the UE, UE could calculate the own location. In this case, UE could collect both model input part and label part. The PRU operation is also considered
3. Enable the legacy UE assisted positioning so that after UE reports the measurements (DL-RSTD) to LMF, LMF could calculate UE’s position. In this case, the UE reporting could be further enhanced (as model input), and LMF could provide the UE position (as label). The PRU operation is also considered

Among the above options, it is doubtful whether the legacy UE based mode would be enabled, since it may disclose the TRP coordinates, especially for outdoors. 

Then option 3 maybe a feasible solution through enabling the legacy UE assisted mode, and the LMF may determine the label after positioning calculation. Note that, AI/ML based positioning is useful especially for heavy NLOS condition, and PRU could be deployed around the region. This also means, when UE reports the measurement to LMF, and LMF has identified that the number of LOS links is deficient, NW could dispatch PRU around that region to improve data collection quality.

One advantage is, when the training data are 3GPP specific and stored at NW side, which are also owned by both UE and NW, the data collection quantity could be larger and more comprehensive, since for positioning use case the data is geography dependent. The model would be proprietary since it is related to the UE implementation and performance. The collected training data could be further dispatched by OAM to each vendor’s OTT server for model training, and the model is stored at the OTT server of each vendor. From RAN1 perspective, to support the joint data collection by UE and NW, the reporting enhancement maybe needed, for example, the measured channel response by UE is reported.

It is not feasible for each UE to have the own training data. It could consider to allow UEs of same vendor or all the UEs to share a same set of training data. Then the following issues could be
· Whether the UE implementation would be disclosed during data collection? For example, the RF design parameters
· Whether the UE side additional conditions need to be aligned among UEs? For example, the numerical range for each RX TEG ID

If the reporting for data collection could be designed to avoid disclosing the RF design parameters, the joint effort by all the UEs would be beneficial. If the channel response measurement is agreed to support for reporting, the relative power among samples could be considered by setting power to 1 for the maximum sample. A scaling value for absolute power could be optionally reported.

When the label is timing or NLOS/LOS indicator, the corresponding reporting to LMF could be further refined as better ground truth label when LMF performs position calculation.

We see the benefit of the joint data collection for different type of labels. If in 9.1.3.3 or in 9.1.2 agenda item the joint data collection mechanism for positioning use case could be agreed, then the issues of the UE implementation disclosure and the UE side additional condition could be further discussed in this 9.1.2 agenda item.
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      Fig. 2e-1,


Proposal 2e-1: For training data collection for UE side model before enabling AI/ML positioning, consider the joint UE and NW method

Proposal 2e-2: For training data collection for UE side model before enabling AI/ML positioning, consider UE reporting enhancement as the model input candidates, and LMF to determine the label

Proposal 2e-3: If the channel response measurement is agreed to support for reporting, the relative power among samples could be considered by setting power to 1 for the maximum sample. A scaling value for absolute power could be optionally reported


2f LCM: Performance monitoring
The model performance monitoring is to constantly inspect whether the existing model is still applicable. It could be discussed in two aspects,
· The performance metric for monitoring
· Whether there is specification impact?

Basically, the model for positioning is geography dependent, for the following reasons,
· The NLOS channel has additional path delay as compared to the LOS channel for the first arrival path. The additional path delay may be different depending on the terrain and the environment
· The model for positioning purpose doesn’t explicitly take the gNB coordinate as the model input. For channel response measurement as the model input, any change of the selected gNBs may degrade the model inference performance. This is because the model has been trained to learn the channel responses that are also related to the gNB locations. The similar situation also happens for the legacy method. For example, when the signal from gNB A is measured, but instead the coordinate of gNB B is used in the equation for position calculation, the performance loss would be expected

Then, a model maybe associated with a set of PRS resources (TRPs). It is also possible that the model may not be trained properly to provide good inference quality. As such, the performance monitoring mechanism maybe needed.

Several models maybe associated with a same set of TRPs, as shown in Fig. 2f-1. The different model may deal with different NLOS condition. However, the additional delay amount due to NLOS may not be observed, since the reception boundary setting will also significantly influence the arrival time.
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                            Fig. 2f-1
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Observation 2f-1: The model for positioning purpose doesn’t explicitly take the gNB coordinate as the model input. For channel response measurement as the model input, any change of the selected gNBs may degrade the model inference performance

Observation 2f-2: The additional path delay due to NLOS could be quite different depending on the terrain and the environment

Observation 2f-3: The additional delay amount due to NLOS may not be observed, since the reception boundary setting will also significantly influence the arrival time

Proposal 2f-1: The model for positioning is geography dependent. Then each model may need to be associated to ID(s) that could uniquely represent a region


3. Use case 1: UE based, UE side model, direct AI
The legacy companion is the downlink only UE based positioning methods, containing DL-TDOA and DL-AOD. DL-TDOA using DL-RSTD measurement belongs to the timing based method, and DL-AOD using RSRP/RSRPP to determine the spatial direction is angle based method.

The legacy signalling for DL-TDOA is to provide RTD-info to assist UE to reduce the impact of sync error between TRPs. For DL-AOD, the LMF may provide the “modified” beam responses of PRS resources to assist UE to determine the spatial direction from each TRP. The “modified” beam responses try not to disclose the whole beam response and it can be seen in the following agreement in Rel-17,

	[image: ]




During the study item, the AI/ML model takes the sample based channel response measurement as the input, and the explicit timing of paths are not required, even though the channel response still implicitly contains the path timing information. However some studies still consider to determine the path timing, and we would treat this approach as the expansion on the number of additional paths for the legacy method, or treated as path-timing based channel response measurement. The channel response measurement could be categorized as finger-printing based method to distinguish with the legacy method.

We propose that, to align with the legacy approach, the UE based positioning with direct AI method supports downlink-only transmission.

The direct AI method doesn’t mandate NW to provide TRP coordinate. It is still beneficial for UE to be provided with the TRP coordinate so that the UE may still perform the UE side position calculation to calibrate with the AI/ML inference output. However, it is still questionable from UE perspective that, whether TRP coordinate would be provided since it is sensitive information. Or the “delta” is added to the actual TRP coordinate for disturbance when it is provided to the UE, then the benefit maybe compromised for outdoor scenario.

Overall, we support UE to request the TRP coordinate under the direct AI/ML method, so that the UE may perform the model monitoring, and calibrate the results between the legacy and the direct AI methods.

The legacy UE based positioning may optionally report the location information to LMF. The “location coordinate” and the “location source” within location information IE could be updated when the new method by direct AI/ML is supported.

The indoor usage is believed to be the use case for direct AI/ML method. The local coordinate could be useful for indoors. Then, then the “Local 2D point with uncertainty ellipse” and “Local 3D point with uncertainty ellipsoid” described in TS 23.032 could be considered. Note that the two local coordinate types have been added to TS 37.355.

The location source is to indicate using which positioning method for location estimate by UE to the LMF. The direct AI/ML method leverages the finger-printing concept and therefore we propose to add “dl-aiml-fp-r18”.
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Sync error between TRPs
In the legacy solution, the LMF provides the parameter RTD-Info to the UE for DL-TDOA method under UE based positioning, in order to deal with the sync error between TRPs. This parameter maybe updated by LMF to send to UE with a period.

Since the clock drift would happen in each TRP, the provided RTD-Info may not always cancel the synchronization error perfectly. Then it is better for the model to have the capability to deal with this generalization problem.

We have mentioned in above that, when the intentionally induced delays come with a larger range at the training data, the error floor would raise. UE doesn't expect this result.

During training data collection stage, UE may report the measured channel response to NW as model input and LMF may determine the label, which is UE location. LMF could further clean up the sync error on the reported channel response measurement (which will be as the model input of training data). Note that LMF could learn sync error from PRU measurements. Then based on the clean version of channel response measurement, LMF may further induce small delays on the training data to deal with the generalization problem.

Then UE may request NW to provide the training data with a requested range of the induced delays to deal with the generalization problem due to sync error.


Observation 3-1: The UE based with direct AI/ML method doesn't mandate NW to provide TRP coordinates to UE

Proposal 3-1: The UE based positioning with direct AI method supports downlink-only transmission

Proposal 3-2: Support UE to request TRP coordinate under UE based positioning with direct AI/ML method if NW is not provided. In this way, the UE may perform the model monitoring, and calibrate the results between the legacy and the direct AI methods

Proposal 3-3: Support local coordinate, which are “Local 2D point with uncertainty ellipse” and “Local 3D point with uncertainty ellipsoid”, for location information reporting within UE based positioning with AI/ML method

Proposal 3-4: The location source is to indicate using which positioning method for location estimate by UE to the LMF. The direct AI/ML method leverages the finger-printing concept and therefore we propose to add “dl-aiml-fp-r18”.

Proposal 3-5: Support UE to request the NW to provide the training data with a requested range of the induced delays to deal with the generalization problem due to sync error

Proposal 3-6: Provide RTD-info to UE when UE is under UE based mode with AI/ML method



4. Use case 3b: RAN node assisted, LMF side model, direct AI
The legacy companion for this use case is UL-TDOA and UL-AOA. UL-TDOA using UL-RTOA measurement belongs to the timing based method, and UL-AOA using the phase differences of received signals among the receiving antennas to determine the spatial direction is the angle based method. 

There is similarity between case 3b and case 1, with the difference that case 1 is for downlink and case 3b is for uplink. The legacy solution of UL-TDOA is to report UL-RTOA measurement by TRP to the LMF, and LMF may implicitly form UL-RSTDs for position calculation.

The legacy reporting from TRP to LMF supports 8 additional paths reporting. The enhancement could consider the further increase on the number of paths so as to form the path-timing based channel response.

The sample based channel response measurement reporting by TRP to LMF could also be considered, since it has been studied quite thoroughly in the study item. One concern is the simultaneous reporting on both the sample based and path based measurements, since it may somehow disclose the implementation algorithm at base station side.

Before LMF is able to enable AI/ML scheme, the training data needs to be collected. It is possible that LMF may configure the legacy uplink positioning method for location service, and collect the training data simultaneously. To avoid simultaneous reporting on the sample based and the legacy path-timing based measurements, the following methods could be considered,
· Report the sample based channel response measurements only. The path timings are determined by LMF to accomplish the legacy UL-TDOA method
· Configure the two procedures in TDM manner to avoid simultaneous reporting on sample based and path-timing based measurements


Proposal 4-1: Support the sample based channel response measurement as the model input for LMF side model

Proposal 4-2: Strive to avoid the simultaneous reporting for the sample based channel response measurement and the legacy timing measurement to LMF, which may disclose the implementation

Proposal 4-3: The sample based channel response measurement at the TRP is based on SRS for positioning or SRS for MIMO transmitted by UE 

Proposal 4-4: To avoid simultaneous reporting on the sample based and the legacy path-timing based measurements, consider to report the sample based channel response measurements only. The path timings are determined by LMF to accomplish the legacy UL-TDOA method

Proposal 4-5: To avoid simultaneous reporting on the sample based and the legacy path-timing based measurements, configure the two procedures in TDM manner. This may not have specification impact



5. Use case 3a: RAN node assisted, gNB side model, AI assisted
The gNB side model produces the intermediate parameters for position calculation at LMF. The Azimuth AOA and Zenith AOA may not be considered since the angle based method is not seriously studied.

The sample based channel response measurement is still preferred as the model input for the gNB side model. We propose to support the following parameters as the model output:
· AI/ML based UL-RTOA , 
· AI/ML based relative path delay of additional paths 
· AI/ML based path quality indication
· AI/ML based NLOS/LOS indication

And we are also open to further support the below item that may not be studied thoroughly in SI:
· AI/ML based SRS RSRPP, which is optional field for timing report

The number of additional paths could be kept the same as that for the legacy measurement, which is 8.


Proposal 5-1: For case 3a, the number of additional paths could be kept the same as that for the legacy measurement, which is 8.

Proposal 5-2: For case 3a, support sample based channel response measurement as model input for gNB side model

Proposal 5-3: For case 3a, consider the following parameters as the model output:
· AI/ML based UL-RTOA measurement
· AI/ML based relative path delay of additional paths
· AI/ML based path quality indication
· AI/ML based NLOS/LOS indication

Proposal 5-4: For case 3a, the number of additional paths for reporting under AI/ML method could be the same as that for legacy


6. The 2nd priority use cases: 2b and 2a
We have proposed to support DL+UL positioning with AI/ML method. We have also identified the generalization problem when there are respective models at UE and gNB. Then we prefer using LMF side model to deal with the generalization problem when both the channel response measurements by UE and gNB are sent to LMF.

Then the case 2b could work with case 3b to realize DL+UL positioning with AI/ML method. 

The case 2a is to use AI/ML model to determine intermediate parameters. In legacy method, both TOA within DL-RSTD and UE RX-TX time difference measurement are influenced by the reception boundary alignment problem. However, DL-RSTD could cancel this influence by taking difference on two downlink measurements. UE RX-TX time difference measurement can’t cancel it unless it is combined with gNB RX-TX time difference measurement. As such for case 2a, we support the model output related to timing to be DL-RSTD.

Proposal 6-1: Support to prioritize case 2b so that case 2b and 3b could work together to realize DL+UL positioning with AI/ML method

Proposal 6-2: For case 2a, support DL-RSTD and NLOS/LOS indication as the model output



7. Conclusion
Observation 2a-1: Both the samples and the paths are the measurements derived by algorithms. But on the other hand, the algorithm to determine the path timing may further induce the estimation error

Observation 2b-1: In the study item, the evaluation is based on a strong assumption that the transmission boundary and reception boundary are aligned so that the first path delay of a channel response is the TOF under LOS. In reality, only TOA could be derived

Observation 2b-2: In reality, it may not be possible for UE to know the transmission boundary of a TRP

Observation 2b-3: The clock drifting issue may cause the FFT window at the UE to be shifted. Then it is quite general for UE implementation to move the FFT window earlier to be partially within the CP to prevent the shift of FFT window from containing samples of the next symbol

Observation 2b-4: The transmission boundary time difference between TRPs (sync error, delta), and the time difference between transmission boundary of TRP and reception boundary of UE (mu) are not at the same numerical level. The range of mu could be up to micro second. The delta could be at tens of nano second range. Using the approach of dealing with delta to also deal with mu may cause higher position error floor

Observation 2b-5: It is possible that the measurements for training data and the measurements for inference are derived based on different reception boundary, which will cause the generalization problem

Observation 2b-6: Using the approach for dealing with sync error to also deal with the reception boundary misalignment is questionable. For each label, it would correspond to a greater number of model input versions with the induced small delays. It may further blur the discrimination between labels

Observation 2b-7: Even though that the training data are jointly collected by UEs of same vendor, the reception boundary among the group of UEs are still not the same

Observation 2d-1: The use case prioritization is unfriendly to DL+UL positioning method

Observation 2f-1: The model for positioning purpose doesn’t explicitly take the gNB coordinate as the model input. For channel response measurement as the model input, any change of the selected gNBs may degrade the model inference performance

Observation 2f-2: The additional path delay due to NLOS could be quite different depending on the terrain and the environment

Observation 2f-3: The additional delay amount due to NLOS may not be observed, since the reception boundary setting will also significantly influence the arrival time

Observation 3-1: The UE based with direct AI/ML method doesn't mandate NW to provide TRP coordinates to UE


Proposal 2a-1: The time-domain sample based measurement as the model input is preferred

Proposal 2a-2: The further extension on the reporting of more additional paths could also be considered when the model is deployed at the LMF

Proposal 2a-3: UE may be requested to report based on either the samples or the paths to LMF for LMF-side model

Proposal 2a-4: Define the measurement of the samples in TS 38.215

Proposal 2a-5: Consider “DL reference signal channel response” as the measurement of the samples to be capture in TS 38.215

Proposal 2a-6: The measurement type “DL reference signal channel response” could be defined as the channel response obtained from the resource elements that carry DL PRS configured for the measurement

Proposal 2a-7: Deprioritize to report the phase of the selected samples in the channel response measurement

Proposal 2a-8: The sample selection mechanism could be left to RAN4

Proposal 2a-9: If RAN1 decides to define the sample selection mechanism for overhead reduction, consider the simple rule. The limitation on the maximum number of non-zero samples within a channel response measurement could be configured

Proposal 2b-1: RAN1 to agree that the problem of the reception boundary misalignment between the measurements for training data and the measurements for inference needs to be resolved
 
Proposal 2b-2: We consider the solution with “channel response offset”. In that, the channel responses from all the TRPs are shifted in time with the same amount. This amount reindexes the first path delay to be at t=0 within the channel response derived from the reference TRP signal. This method may need to determine the first path delay within the channel response derived from the reference TRP signal 

Proposal 2b-3: To solve the reception boundary misalignment problem, and if “channel response offset” is not defined, UE could report the channel responses to data collection entity with identifier to indicate whether the measured channel responses are based on same reception boundary

Proposal 2c-1: Further study the impact of geography independent term in the phase part of CIR, for example the initial phase mismatch between TX and RX oscillator

Proposal 2d-1: Support in principle the DL+UL positioning with AI/ML method

Proposal 2d-2: Model at LMF could be considered for DL+UL positioning with AI/ML method

Proposal 2e-1: For training data collection for UE side model before enabling AI/ML positioning, consider the joint UE and NW method

Proposal 2e-2: For training data collection for UE side model before enabling AI/ML positioning, consider UE reporting enhancement as the model input candidates, and LMF to determine the label

Proposal 2e-3: If the channel response measurement is agreed to support for reporting, the relative power among samples could be considered by setting power to 1 for the maximum sample. A scaling value for absolute power could be optionally reported

Proposal 2f-1: The model for positioning is geography dependent. Then each model may need to be associated to ID(s) that could uniquely represent a region

Proposal 3-1: The UE based positioning with direct AI method supports downlink-only transmission

Proposal 3-2: Support UE to request TRP coordinate under UE based positioning with direct AI/ML method if NW is not provided. In this way, the UE may perform the model monitoring, and calibrate the results between the legacy and the direct AI methods

Proposal 3-3: Support local coordinate, which are “Local 2D point with uncertainty ellipse” and “Local 3D point with uncertainty ellipsoid”, for location information reporting within UE based positioning with AI/ML method

Proposal 3-4: The location source is to indicate using which positioning method for location estimate by UE to the LMF. The direct AI/ML method leverages the finger-printing concept and therefore we propose to add “dl-aiml-fp-r18”.

Proposal 3-5: Support UE to request the NW to provide the training data with a requested range of the induced delays to deal with the generalization problem due to sync error

Proposal 3-6: Provide RTD-info to UE when UE is under UE based mode with AI/ML method

Proposal 4-1: Support the sample based channel response measurement as the model input for LMF side model

Proposal 4-2: Strive to avoid the simultaneous reporting for the sample based channel response measurement and the legacy timing measurement to LMF, which may disclose the implementation

Proposal 4-3: The sample based channel response measurement at the TRP is based on SRS for positioning or SRS for MIMO transmitted by UE 

Proposal 4-4: To avoid simultaneous reporting on the sample based and the legacy path-timing based measurements, consider to report the sample based channel response measurements only. The path timings are determined by LMF to accomplish the legacy UL-TDOA method

Proposal 4-5: To avoid simultaneous reporting on the sample based and the legacy path-timing based measurements, configure the two procedures in TDM manner. This may not have specification impact

Proposal 5-1: For case 3a, the number of additional paths could be kept the same as that for the legacy measurement, which is 8.

Proposal 5-2: For case 3a, support sample based channel response measurement as model input for gNB side model

Proposal 5-3: For case 3a, consider the following parameters as the model output:
· AI/ML based UL-RTOA measurement
· AI/ML based relative path delay of additional paths
· AI/ML based path quality indication
· AI/ML based NLOS/LOS indication

Proposal 5-4: For case 3a, the number of additional paths for reporting under AI/ML method could be the same as that for legacy

Proposal 6-1: Support to prioritize case 2b so that case 2b and 3b could work together to realize DL+UL positioning with AI/ML method

Proposal 6-2: For case 2a, support DL-RSTD and NLOS/LOS indication as the model output
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From the RAN1I perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for
UE-based DL-AoD:

The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.
© The relative power is defined with respect to the peak power in each angle
© For each angle, at least two PRS resources are reported.
© Note: the peak power per angle is not provided
Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and
UE-based
Send an LS to RAN2/RAN3 to decide on the signaling details
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