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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 following agreements were reached in previous meeting,
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And the below are the highlighted issues, 
	11          Highlight areas for RAN1#117
 
Looking forward to RAN1#117, several issues left over from RAN1#116bis are highlighted below. 
· Sample-based vs path-based measurements (see section 7.1). In RAN1#116bis, delegates had the opportunities to share information and exchange views, although convergence was not possible. Companies are encouraged to continue to investigate the issues, including the ambiguity issues and the agreement made in RAN#116. The goal is to make a decision in RAN1#117. 
· Phase information for determining model input (see section 2.4). No progress was possible in RAN1#116bis. Companies are encouraged to share views on this topic, considering the two types of phase information: (a) CIR; (b) Rel-18 measurements DL RSCPD, DL RSCP, UL RSCP.
· Whether a new case should be added to support multi-RTT (see Proposal 2.2.2-2 in section 2.2.2). Specifically, whether Case 2b and Case 3b can be used together to support multi-RTT. Decision on this topic will have large impact on RAN2/RAN3 discussion, and this use case is not explicitly in scope in the WID. If RAN1 decides to recommend it, then RAN2/RAN3 should be notified to check whether RAN2/RAN3 are also supportive. Thus this topic should be handled earlier rather than later, due to the impact to RAN2/RAN3 groups.
· On consistency between training and inference (see section 5.2): there was no time to explore this in RAN1#116bis. We can kick off this topic in RAN1#117.




We provide our views for the above-mentioned issues.

2. Feasibility for DL+UL positioning method
The legacy DL+UL positioning method, M-RTT, combines the UE RX-TX time difference measurement and gNB RX-TX time difference measurement to estimate the RTT between a gNB/TRP and UE. In LTE, only single cell RTT (S-RTT) is supported. In Rel-16 NR, the multiple-cell RTT (M-RTT) is supported. M-RTT has been treated as the most promising positioning method for landing in NR.

On the other hand, if the AI/ML design doesn’t support the most promising positioning method, RAN1 should justify by providing sufficient and acceptable reasons.

The synchronization error among TRPs is a common problem for DL only and UL only method. Even though the synchronization method is performed among TRPs, the residual synchronization error is still present. M-RTT is the method to be independent of the synchronization issue.

The following use case combination could be considered to realize AI/ML for DL+UL positioning method,
· 2a + 3a
· 2b + 3b

For 2b + 3b, LMF may take UE measurements and TRP measurements as model input, as shown in Fig. 2-1. The reference time for channel measurement on both UE and TRP is analyzed by first using Fig. 2-2. It is observed that
· UE receives signal from serving gNB with propagation delay td1. When UE adjusts the reception boundary to align with the path delay, it is equivalent to have TOA = 0
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]UE receives TA command to adjust the transmission timing. In this case TA is equal to 2*td1 before the detected first path delay. And UE RX-TX time difference for serving gNB signal is equal to TA which is 2*td1
· [bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: _Hlk166059077]The serving gNB receives signal from UE with propagation delay td1. The TOA is equal to 0. Since the transmission boundary and reception boundary are assumed aligned for serving gNB, the gNB RX-TX time difference is equal to 0
· [bookmark: _Hlk166059316][bookmark: OLE_LINK99][bookmark: OLE_LINK100]Then the combination result is (UE RX-TX time difference + gNB RX-TX time difference)/2 = td1
· The propagation delay td1 also applies when the first path is NLOS, namely td1 = td1’ + t, where td1’ is LOS propagation delay, and t is the additional delay to be induced

Further in Fig. 2-3, the neighbor gNB1 has synchronization error value tau from the serving gNB. It is observed that,
· UE receives signal from neighbor gNB1 with propagation delay td2. It is equivalent to have TOA = td2 + tau – td1
· The TA command is signalled by serving gNB and the transmission of UE to other gNBs is still based on this. Therefore, the UE RX-TX time difference for neighbor gNB1 signal is 2*td1 + TOA = td2 + tau + td1
· The neighbor gNB1 receives signal from UE with propagation delay td2. The TOA is equal to td2 – td1 – tau. Since the transmission boundary and reception boundary are assumed aligned for neighbor gNB1, the gNB RX-TX time difference is equal to td2 – td1 - tau
· Then the combination results is (UE RX-TX time difference + gNB RX-TX time difference)/2 = td2, in which the synchronization error tau is cancelled after combination
· The propagation delay td2 also applies when the first path is NLOS, namely td2 = td2’ + t, where td2’ is LOS propagation delay, and t is the additional delay to be induced

Let’s further check whether the TA adjustment granularity (0.5 us) may impact the channel measurement. In Fig. 2-4, the ideal TA value is 2*td1. The actual TA adjustment instead is 2*td1 – mu. It is observed that,
· The UE RX-TX time difference for serving gNB signal is equal to TA which is 2*td1 – mu
· The gNB RX-TX time difference is equal to mu
· Then the combination result is (UE RX-TX time difference + gNB RX-TX time difference)/2 = td1

Then the TA granularity issue is also mitigated.

[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In above, it also means the reference time could be associated to the transmission timing by re-using the legacy definition in order to collect the UE measurement and gNB measurement for both sample based and path based methods. We have,
· For UE measurement, the reference time is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP. This also means, the reference time defines t = 0 for both the sample based and path based methods
· Notably, the reference time is the time instance of the first sample for sample based method
· Note that, there is no unified reference time among UEs. It depends on the configured TA by serving gNB to each UE
· For gNB measurement, the reference time is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE
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          Fig. 2-1,
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                   Fig. 2-3,
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Potential implementation
It may not have completely different channel profile for downlink and uplink between a TRP and UE. This is also the problem by using stochastic channel model defined in TR 38.901. It is reasonable to assume that the number of paths, time gap between paths could be the same between the channel profiles for downlink and uplink. The difference in between could be the first path delay, and the magnitude and phase for each path, since the relative location of the first path delay may also rely on the setting of the reception boundary.

Let’s use Ts for sampling period. To simply the analysis, we assume that td1, td2 and tau are multiples of Ts. To further explore the UE and TRP measurements by using Fig. 2-3, it is assumed that tau = 1*Ts, td2 = 7*Ts and td1 = 4*Ts.

The sample based measurements for UE and TRP are shown in Fig. 2-5 by using Fig. 2-3. Note that the TRP measurement shows smaller magnitude than that in the UE measurement by taking the smaller UE transmission power into account.

To align the UE measurement with the TRP measurement, the measured UE channel response, PDP, is shifted to the left by 5*Ts and the measured TRP channel response, also a PDP, is shifted to the right by 5*Ts. After the alignment by shifting the same amount for each of TRP and UE measurement, the two PDPs are summed to form a single PDP representing the result between a TRP and UE, as shown in Fig. 2-6. As such, the number for the model input is still the same as that for the DL only and the UL only method.

It should be kept in mind that both the DL only and the UL only method are required to deal with the synchronization error issue between TRPs by creating numerous time shifted replica as model input for a single label for the model to learn. The larger range of the synchronization error requires much larger number of shifted replicas for training, and fortunately, the DL+UL method could alleviate such effort.

The DL+UL method may still have group delay issue. It is fortunate that the range of group delay ( < 15ns) is seen to be smaller than that of the synchronization error (+/- 50ns) . 

It should also be noted that the alignment between UE and TRP measurement through the shift in time may be not be shifted exactly at the multiple Ts. Then, the more delicate operation, such as the phase rotation in frequency domain for the shift in time domain could be considered.
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       Fig. 2-6,


[bookmark: _Hlk166285494]Observation 2-1: The support of AI/ML model for DL+UL positioning method could be independent of the synchronization error problem

Proposal 2-1: Support 2a+3a and 2b+3b to realize DL+UL positioning method


3. Reporting for combination scheme under receiver diversity
When UE has multiple receiver branches, the DL-PRS may also be transmitted in beam sweeping manner from each TRP, even under FR1. Then the measurement combination may come from two dimensions, one is from TRP transmission with multiple beams, and another is from the receiver diversity at UE.

The finger-printing spirit is to link each location with the multiple channel responses. For beam sweeping, when the extreme case comes with pretty narrow beam, UE may just observe a single path in each beam. In FR1 with limited beams, UE may observe channel response with same path delays among the received beams. The magnitude and phase corresponding to the channel response would be different among the received beams. The combination among the observed channel responses from the received beams has been considered in specification to determine the path timing measurement, as seen in below.

	[image: ]



Then, for each receiver branch, the channel response measurement, PDP, on each RS resource could be further combined among the RS resources to form the PDP for the associated receiver branch. The PDP through combination among RS resources could be treated as the PDP for between a TRP and UE.

To combine the PDP among receiver branches for reporting, the legacy solution could be considered that
· The corresponding RSRP with respect to the reported PDP are not be lower than the corresponding RSRP of the measured PDP in any of the individual receiver branches

The above condition may also imply that the power of each sample in the reported PDP are derived from the same set of receiver branches in order to avoid the distortion on the PDP. The set of receiver branches used for combination is within a same RX TEG group to ensure that RX group delay will not influence the channel response measurement significantly. 

Proposal 3-1: The channel response measurement, PDP, on each RS resource could be further combined among the RS resources to form the PDP for the associated receiver branch
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]
Proposal 3-2: The corresponding RSRP with respect to the reported PDP are not be lower than the corresponding RSRP of the measured PDP in any of the individual receiver branches

Proposal 3-3: The receiver branch(es) used for combination are under the same RX TEG

[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK5]
4. [bookmark: OLE_LINK266][bookmark: OLE_LINK267]Phase information analysis
We have shown that at a subcarrier with the RF frequency fa, the observed phase related to the LOS path could be expressed as
[image: ]
where,
· fc denotes the carrier frequency, fa denotes the frequency of a subcarrier
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26] 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
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9] denotes 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

There are two terms for further analysis
· [bookmark: OLE_LINK20][bookmark: OLE_LINK24][bookmark: OLE_LINK10][bookmark: OLE_LINK13], which is the desired phase for the true range (TOF). It is also noted that the phase for the pseudo range (TOA) could be represented by 
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92], which is the phase mismatch between TX and RX oscillator. It may perturb the desired term, and it is common to all subcarriers

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The propagation time  could be further expressed in terms of the sampling period 1/(scs*N), where scs is the subcarrier spacing in Hz, and N is the FFT size. We have

where m is an integer and . When scs = 15KHz, and N = 2048, the sampling period is 32.55 ns.

The desired phase is related to the frequency of the subcarrier. The phase difference between two adjacent subcarriers can be derived as follows,
[bookmark: OLE_LINK14][bookmark: OLE_LINK19]
       (1)
Where .

Without loss of generality, the phase of the channel frequency response in each of N subcarriers in frequency domain could be observed. Under the assumption of single path and the noise-free condition, the vectorized form for the channel frequency responses in N subcarriers by leveraging eqn. (1) could be written as

[image: ] (2)

There are N vectors, each with N elements (corresponding to N subcarriers), within the IFFT matrix. To number from 0 to N-1, the number p vector is expressed as follows,
[image: ]   (3)

It is known that the IFFT operation is to project the channel frequency response vector collected in frequency domain to each IFFT vector. Let’s perform FFT shift on the vector in eqn. (2) and the following is derived,
[image: ]  (4)

The projection of the vector in eqn. (4) onto the vector in eqn. (3) could be derived through the following development,



 

 
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK85][bookmark: OLE_LINK86]There are three terms, , , and  to multiply together. The total phase would be the sum of separate phases. We have,
· [bookmark: OLE_LINK87][bookmark: OLE_LINK88]The phase of  is    (5)
· The phase of  is  by using Fig. 4-1   (6)
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]To calculate the phase of , let . Then






   And the phase of this term is    (7)

By summing (5), (6) and (7), we have
   (8)

In eqn. (4) for the elements in frequency domain, the first element has the phase . From eqn. (8), it is observed that,
· The phase of the sample nearest the first path delay in time domain so that p = m, is very close to the phase of a subcarrier in frequency domain. When IFFT/FFT size N is larger, the mismatch is smaller
· When the channel frequency response vector corresponding to a path delay is projected to the IFFT vectors, the phase of the projection result on each IFFT vector is quite close to each other, except having a small bias term  as shown in eqn. (8). This also means, for all the samples the phases are almost the same. It should also be noted that, the magnitude change would be large among the samples, especially when p is away from m.


Then we have the following observations,
· The phase mismatch between TX and RX oscillator is common to all the subcarriers. Then it is also common to all the samples
· The phase corresponding to first path delay is almost common to all the samples after projection. But the magnitude after projection is so different on the samples

The legacy positioning is to focus on the first path delay. The AI based method may look around the entire channel profile. It is expected that the phase corresponding to a path delay other than the first path, may also be common to all the samples after projection. This means, the phase difference among the samples may be close to zero, unless it is the phase difference between the sample closest to a path delay and the sample closest to another path delay, if the two path delays have certain separation.
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       Fig. 4-1

Proposal 4-1: Don't consider the reporting of the phase difference between samples

Proposal 4-2: CIR is not supported


5. Monitoring aspect
The following agreement is to further study on the two options, 
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For option B, LMF could perform position calculation based on reported measurement by TRPs. Then the TOF between a TRP and UE could be further derived once the UE position is obtained. Note that, the reported measurements have the form of TOA. 

From Fig. 5-1, the accuracy of a RTOA also depends on TA adjustment. The TA granularity could be a problem. At LMF, when taking the difference on two RTOA value to form a UL-RSTD value, TA adjustment error is cancelled. This also means, the LMF may be able to monitor the difference of two RTOAs, but not the individual RTOA. To monitor the performance of each RTOA reporting, some more complicated solutions may be needed.

[image: A diagram of a line chart

Description automatically generated with medium confidence]
          Fig. 5-1


Observation 5-1: The LMF may be able to monitor the difference of two RTOAs, but not the individual RTOA. To monitor the performance of each RTOA reporting, some more complicated solutions may be needed at LMF


6. Sample-based measurement vs. path-based measurement
The existing specification supports addition path reporting up to 8. It should also be noted that there is UE capability to support 4, 6 and 8. If path based measurement is supported, the support of 8 additional paths may be a lower bound and this will significantly increase the UE complexity and power consumption for applying the algorithm. 
 
If the path estimation algorithm is to apply simple linear interpolation among two adjacent samples, we don’t see the need to support path based measurement since the estimation error could be large. The high resolution algorithm applied in frequency domain requires the inverse of matrix inversion. The power consumption would increase significantly when the number of paths for estimation is increasing. There is no good reason found to support path based measurement, when sample based measurement could work properly with easier implementation. 

Proposal 6-1: Support sample based measurement


7. Others
The proposals in previous meeting are refined in below,

[bookmark: OLE_LINK270][bookmark: OLE_LINK271]Proposal 7-1: The time-domain sample based measurement as the model input is preferred at least for LMF side model

Proposal 7-2: Define the measurement of the samples in TS 38.215, and consider “DL reference signal channel response” as the measurement of the samples to be captured in TS 38.215

Proposal 7-3: 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 7-4: The sample selection mechanism could be left to RAN4

Proposal 7-5: 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 7-6: 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 7-7: 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 7-8: 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 7-9: 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 7-10: Provide RTD-info to UE when UE is under UE based mode with AI/ML method

Proposal 7-11: For LMF side model (case 3b) to support DL+UL positioning method (similar to M-RTT), then for UL part, the model input for training and inference could re-use the legacy reference time, which is TRP transmit timing of downlink subframe that is closest in time to the subframe received from the UE. It is applicable for both sample and path based measurements

Proposal 7-12: For LMF side model (case 3b) to support UL positioning method (similar to UL-TDOA), the model input for training and inference could also re-use the legacy reference time, which is the legacy UL RTOA reference time. It is applicable for both sample and path based measurements

Proposal 7-13: For gNB side model (case 3a) to support DL+UL positioning method (similar to M-RTT), then for UL part for both the training and inference, the model input and model output may also re-use the legacy reference time, which is TRP transmit timing of downlink subframe that is closest in time to the subframe received from the UE. It is applicable for both sample and path based measurements

Proposal 7-14: For gNB side model (case 3a) to support UL positioning method (similar to UL-TDOA), for both the training and inference, the model input and model output may also re-use the legacy UL RTOA reference time. It is applicable for both sample and path based measurements

Proposal 7-15: For LMF side model (case 2b) to support DL+UL positioning method (similar to M-RTT), then for DL part, the model input for training and inference could re-use the legacy reference time, which is UE transmit timing of uplink subframe that is closest in time to the subframe received from the TP. It is applicable for both sample and path based measurements

Proposal 7-16: For LMF side model (case 2b) to support DL positioning method (similar to DL-TDOA), the model input for training and inference could also re-use the legacy reference time, which is the first path delay of signal from the reference TRP. It is applicable for both sample and path based measurements

Proposal 7-17: For UE side model (case 2a) to support DL+UL positioning method (similar to M-RTT), then for DL part for both the training and inference, the model input and model output may also re-use the legacy reference time, which is UE transmit timing of uplink subframe that is closest in time to the subframe received from the TP. It is applicable for both sample and path based measurements

Proposal 7-18: For UE side model (case 2a) to support DL positioning method (similar to DL-TDOA), for both the training and inference, the model input and model output may also re-use the legacy reference time, which is the first path delay of signal from the reference TRP. It is applicable for both sample and path based measurements








8. Conclusion
Observation 2-1: The support of AI/ML model for DL+UL positioning method could be independent of the synchronization error problem

Observation 5-1: The LMF may be able to monitor the difference of two RTOAs, but not the individual RTOA. To monitor the performance of each RTOA reporting, some more complicated solutions may be needed at LMF

Proposal 2-1: Support 2a+3a and 2b+3b to realize DL+UL positioning method

Proposal 3-1: The channel response measurement, PDP, on each RS resource could be further combined among the RS resources to form the PDP for the associated receiver branch

Proposal 3-2: The corresponding RSRP with respect to the reported PDP are not be lower than the corresponding RSRP of the measured PDP in any of the individual receiver branches

Proposal 3-3: The receiver branch(es) used for combination are under the same RX TEG

Proposal 4-1: Don't consider the reporting of the phase difference between samples

Proposal 4-2: CIR is not supported

Proposal 6-1: Support sample based measurement

Proposal 7-1: The time-domain sample based measurement as the model input is preferred at least for LMF side model

Proposal 7-2: Define the measurement of the samples in TS 38.215, and consider “DL reference signal channel response” as the measurement of the samples to be captured in TS 38.215

Proposal 7-3: 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 7-4: The sample selection mechanism could be left to RAN4

Proposal 7-5: 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 7-6: 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 7-7: 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 7-8: 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 7-9: 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 7-10: Provide RTD-info to UE when UE is under UE based mode with AI/ML method

Proposal 7-11: For LMF side model (case 3b) to support DL+UL positioning method (similar to M-RTT), then for UL part, the model input for training and inference could re-use the legacy reference time, which is TRP transmit timing of downlink subframe that is closest in time to the subframe received from the UE. It is applicable for both sample and path based measurements

Proposal 7-12: For LMF side model (case 3b) to support UL positioning method (similar to UL-TDOA), the model input for training and inference could also re-use the legacy reference time, which is the legacy UL RTOA reference time. It is applicable for both sample and path based measurements

Proposal 7-13: For gNB side model (case 3a) to support DL+UL positioning method (similar to M-RTT), then for UL part for both the training and inference, the model input and model output may also re-use the legacy reference time, which is TRP transmit timing of downlink subframe that is closest in time to the subframe received from the UE. It is applicable for both sample and path based measurements

Proposal 7-14: For gNB side model (case 3a) to support UL positioning method (similar to UL-TDOA), for both the training and inference, the model input and model output may also re-use the legacy UL RTOA reference time. It is applicable for both sample and path based measurements

Proposal 7-15: For LMF side model (case 2b) to support DL+UL positioning method (similar to M-RTT), then for DL part, the model input for training and inference could re-use the legacy reference time, which is UE transmit timing of uplink subframe that is closest in time to the subframe received from the TP. It is applicable for both sample and path based measurements

Proposal 7-16: For LMF side model (case 2b) to support DL positioning method (similar to DL-TDOA), the model input for training and inference could also re-use the legacy reference time, which is the first path delay of signal from the reference TRP. It is applicable for both sample and path based measurements

Proposal 7-17: For UE side model (case 2a) to support DL+UL positioning method (similar to M-RTT), then for DL part for both the training and inference, the model input and model output may also re-use the legacy reference time, which is UE transmit timing of uplink subframe that is closest in time to the subframe received from the TP. It is applicable for both sample and path based measurements

Proposal 7-18: For UE side model (case 2a) to support DL positioning method (similar to DL-TDOA), for both the training and inference, the model input and model output may also re-use the legacy reference time, which is the first path delay of signal from the reference TRP. It is applicable for both sample and path based measurements


9. Reference
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For training data collcction of AUML based positioning, the collected data sample can include the following
components:
Part A:

o channel measurement

e quality indicator of channel measurement

o time stamp of channel measurement

o ground truth label (or its approximation)
o quality indicator of label
o time stamp of label
Note: “Part A” and “Part B” terminologies are only for RAN1 discussion purpose, and may not be used in specification.
Note: contents in Part A and Part B may or may not be generated by different entities.
Note: Part A and/or Part B, and their contents may or may not apply for each case
FFS: detailed definition of channel measurement
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For training data generation of AUML based positioning Case 1, the measurement and its related data (c.g.. timestamp)
are generated by PRU and/or Non-PRU UE.
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generated by:

« PRU
e Non-PRU UE with estimated location
e LMF

Note: transfer of the label and its related data is out of RANT scope.
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For training data generation of AUML based positioning Case 2a and 2b, the channel measurement and its related data
time stamp) are generated by PRU and/or non-PRU UE.
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For training data generation of AVML based positioning Case 2a, the label and its related data (c.g., time stamp) can be

generated by:
« PRU
e Non-PRU UE with estimated location
e LMF

Note: transfer of the label and its related data is out of RAN1 scope.
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For training data generation of AVML based positioning Case 2b, the label and its related data (c.g., time stamp) can be

generated by:
« PRU
e Non-PRU UE with estimated location
e LMF

Note: transfer of label and its related data is out of RAN1 scope.
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For training data generation of AUML based positioning Case 3a and 3b, the measurement and its related data (c.g..
timestamp) are generated by TRP/gNE,
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For training data generation of AVML based positioning Case 3b, the label and its related data (c.g., time stamp) can be

generated by:
« PRU
e FFS: Non-PRU UE with estimated location
e LMF

Note: transfer of label and its related data is out of RAN1 scope.
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For training data generation of AVML based positioning Case 3a, the label and its related data (c.g., time stamp) can be
gencrated by at least
e LMF
Note: transfer of label and its related data is out of RANT scope.
Note: whether other network entities can generate label for Case 3a is out of RANT scope.
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For AIML positioning Case 3a, for model performance monitoring meric calculation in label-based model monitoring,
study the feasibility of the following options. To provide information on how to gencrate information on ground truth
label for cach option.

o OptionA. NG-RAN node performs monitoring metric caleulation for its own model.

«  Option B.LMF performs monitoring metric calculation for the model located at the NG-RAN node.
Note: Final sclection of Option A and Option B is out of RAN1 scope, but RAN1 can make recommendation about the
option(s), and potential support of Option A and/or Option B is pending RAN3 confirmation.
Note: Exact method to perform the monitoring metric calculation is up to implementation
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For model performance monitoring of AUML positioning Case 1, for model performance monitoring metric caleulation
in label-based model monitoring, study the feasibility, benefits. and potential specification impact of the following
options with regard to how to generate information on ground truth label:
«  Option A. The target UE side performs monitoring metric caleulation.
o Option A-1. At least information on ground truth label of the target UE is generated by LMF and
provided to the target UE.
*  Inonc example, target UE and/or gNB sends measurement (e.g., legacy measurement) to
LMEF so that LMF can derive the information on ground truth label.
o Option A-2. At least position calculation assistance data (c.g., existing information for UE-based
positioning method) is provided from LMF to the target UE.
o Option A-3. Reuse Rel-18 assistance data transfer framework from LMF to the target UE, where the
PRU measurement (c.g.. legacy measurement) and the corresponding PRU location are sent via LMF
to the target UE.
o Option A-4. PRU measurement (and the corresponding PRU location if not already known at the UE-
side) are sent from PRU to the target UE side {e-gtarget UE OTT-server).
. Note: Option A-4 can be realized by implementation in a manner transparent to
specification if the PRU sends information to the target UE side in a proprictary method.
e Option B. The LMF performs monitoring mefric calculation,
o Option B-1. at least inference result (i.c., the model output corresponding to target UE’s channel
measurement) of the target UE is sent by the target UE to LMF.
o Option B-2. PRU’s channel measurement is sent via LMF to the target UE, and the inference result
(i-e., the model output corresponding to PRU’s channel measurement) is sent by the target UE to
LMF.
Note: exact method to perform the monitoring metric calculation is up to implementation.
Note: Other options are not precluded.
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The shifted UE measurement to the left by 5Ts
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For DL UE positioning measurement reporting in higher layer parameters NR-DL-TDOA-
SignalMeasurementInformation or NR-Multi-RTT-SignalMeasurementInformation the UE can be configured to report
the DL PRS resource ID(s) or the DL PRS resource set ID(s) associated with the DL PRS resource(s) or the DL PRS
resource set(s) which are used in determining the UE measurements DL RSTD. or UE Rx-Tx time difference,
respectively.
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For AI/ML based positioning Case 3b, for gNB channel measurements reported to LMF, the timing information is
represented relative to the existing UL RTOA reference time To+tses as defined in TS 38.215.
FFS: whether it is applicable when Case 3b is used to support multi-RTT
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Conclusion

o Itis out of RANI scope to decide whether/how synthetic data (i.c.. not dircct physical data) and related entitics

arc used in AUML based positioning. In RAN1 discussion, data (c.g., measurement data, label data) refer to
physical data, not synthetic data.




