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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 notably, the below proposals were briefly discussed without reaching agreement,
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It is also seen that there are certain further study items within the agreements. In this contribution, we provide our analysis and proposals for the potential issues.


2. Reference time, TOA (pseudo range)/TOF (true range)
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK71][bookmark: OLE_LINK72]The two figures in Fig.2-1 have the same channel response in terms of magnitude and the relative delay between samples, except that Fig.2-1(b) is a shifted version of Fig.2-1(a). The model may not treat the two figures to be the same, unless it is being trained to learn so. The two figures could be derived when an entity determines using two different start positions as the reception boundary for FFT operation (FFT window), resulting in the observed channel response to be shifted in time. Under the full staggered RS pattern, the observation range is +/- ½ OFDM symbol time (one OFDM symbol time duration in total).

[bookmark: OLE_LINK183][bookmark: OLE_LINK184]A reference time is needed to form the measurement report. From the above illustration, the reference time is needed for training data collection. The collected data as the model input are within the observation range of +/- ½ OFDM symbol time relative to the reference time, regardless it is sample or path based. Therefore, the reference time could be treated as the start time point to observe the arriving signal relatively between +/- ½ OFDM symbol time to determine the samples or the paths, as shown in Fig. 2-2.

[bookmark: OLE_LINK254][bookmark: OLE_LINK255]Observation 2-1: The reference time is the start time point to observe the arriving signal relatively between +/- ½ OFDM symbol time to determine the samples or the paths
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             Fig. 2-2(a),                                      Fig. 2-2(b),

We discuss the reference time for downlink and uplink respectively. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]

2a Uplink
In TS 38.215, both the UL-RTOA and gNB RX-TX time difference measurements are defined by the received timing relative to the associated reference time. For UL-RTOA measurement, the “RTOA reference time” is given based on the SFN initialization time provided by LMF through NRPPa. For gNB RX-TX time difference measurement, the reference time is the transmission boundary of the downlink subframe closest to the received uplink subframe.

It can be seen that there are different reference time definition for the two measurement types. The main reason is, the UL-RTOA measurement that realizes UL-TDOA positioning method requires the tight synchronization among gNBs. The known location of each gNB could facilitate the clock and frame synchronization among gNBs through the signal transmission in between. The aligned frame boundary among gNBs are also aligned with an absolute time instance regarded as the SFN initialization time, when the reference time is provided.

The RTOA reference time is defined at the starting instance of the subframe containing SRS transmission. And the relative TOA is defined as the beginning of the subframe containing SRS to be received. Therefore, the first path delay is still within an OFDM symbol time duration (+/- ½ OFDM symbol time), which is also the observation range for a full staggered RS pattern. 

gNB RX-TX time difference measurement is part of the measurements to realize the M-RTT positioning method. The RTT measurement derived through the combination of downlink and uplink measurements is per link basis (each gNB/TRP to UE), so that there is no tight synchronization requirement among gNBs.

[bookmark: OLE_LINK88][bookmark: OLE_LINK89]It is also clear that both the UL-RTOA and gNB RX-TX time difference measurements are to obtain the pseudo range measurement, not the true range measurement, since the UE transmission timing happens before the boundary of gNB. Also note that, even though it is not explicitly specified, the reception boundary and transmission boundary of a gNB could be treated as being aligned.

[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]The arriving time at the serving gNB from UE transmission could be controlled by TA so that the uplink signal may arrive within a time range, irrespectively of the distance between them. The arriving time at the neighbor gNB from a same UE transmission may be outside a time range that is controlled through the TA by the associated serving gNB, as shown in Fig. 2a-1. To avoid the generalization problem the gNB side model for training should collect the UE/PRU transmission not just from the own serving cell coverage, but also from other cells. 

For uplink, since the transmission timing is controlled by TA of the serving gNB, the reference time issue may expect to be easier than that for downlink.

However, the following two questions need to be answered,
1) Since the gNB RX-TX time difference measurement doesn't require tight synchronization among gNBs, whether the transmission boundary mismatch among the gNBs may cause the generalization problem?
2) Whether a common reference time may also be provided for all gNBs if the gNB side model is to output the gNB RX-TX time difference measurement, or the LMF side model supports DL+UL positioning method?

For Q1, we tend to believe that the gNBs may strive to perform synchronization in between. The reason is, for Rel-17 group delay mitigation feature, the implementation solution to mitigate group delay for RTT method, is to take difference on two UE RX-TX time difference measurements, and on two gNB RX-TX time difference measurements (double differential RTT). Thus, the synchronization may still need to be maintained among gNBs.

Then based on Q1, we have understanding that for Q2, a common reference time doesn't need to be further indicated when gNBs may maintain synchronization among the transmission/reception boundary. This also means, the existing definition could be re-used to define the reference time for reporting, and the reference time for training data collection for gNB side model.

By leveraging the TA control, the parameter (NTA_offset ) may expect to be the same among the coordinated cells for positioning. We also take reasonable assumption that the tight synchronization would be conducted among gNBs, irrespective of the type of measurement.

[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK104][bookmark: OLE_LINK105]For LMF side model to support DL+UL positioning method (similar to M-RTT), then for UL part, we consider
· [bookmark: OLE_LINK74][bookmark: OLE_LINK75]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

[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK76][bookmark: OLE_LINK77]For LMF side model to support UL positioning method (similar to UL-TDOA), we consider
· [bookmark: OLE_LINK80][bookmark: OLE_LINK81]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

For gNB side model, whether the measurement for model input needs to specify the reference time? In our view, the measurement for model input and the timing information from model output could be consistent with the reference time. There is no significant reason that it is beneficial to be different.

[bookmark: OLE_LINK94][bookmark: OLE_LINK95]For gNB side model to support DL+UL positioning method (similar to M-RTT), then for UL part, we consider
· [bookmark: OLE_LINK78][bookmark: OLE_LINK79]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

For gNB side model to support UL positioning method (similar to UL-TDOA), we consider
· 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


[bookmark: OLE_LINK256][bookmark: OLE_LINK257]Observation 2a-1: The arriving time at the serving gNB from UE transmission could be controlled by TA so that the uplink signal may arrive within a time range, irrespectively of the distance between them. The arriving time at the neighbor gNB from a same UE transmission may be outside a time range that is controlled through the TA by the associated serving gNB

Observation 2a-2: To avoid the generalization problem the gNB side model for training should collect the UE/PRU transmission not just from the own serving cell coverage, but also from other cells

Observation 2a-3: It is also clear that both the UL-RTOA and gNB RX-TX time difference measurements are to obtain the pseudo range measurement, not the true range measurement, since the UE transmission timing happens before the boundary of gNB

Proposal 2a-1: 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 2a-2: 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 2a-3: 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 2a-4: 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
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           Fig. 2a-2,
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[bookmark: OLE_LINK17][bookmark: OLE_LINK18]       Fig. 2a-4,
      

2b Downlink
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK62][bookmark: OLE_LINK73]There is no requirement for UE to determine the reference time for reception (reception boundary). It is up to UE implementation to receive with reduced ISI. Therefore, the first path could be somewhere within the observation range. The reception boundary determination may not influence the transmission timing since the TA is relative to the first path delay. After iterative adjustments, the half of TA ( NTA + NTA_offset ) may be close to the reception/transmission boundary of serving gNB.

UE may adjust the start position of FFT window in order not to contain the samples of next symbol for the following reasons,
· When there is sampling clock offset
· When the arriving signal may be later than CP length as compared to the signal from serving gNB

For the legacy DL-RSTD measurement, the first path timing of arriving signal from a target TRP (which is a TOA) is relative to that from the reference TRP (which is another TOA). So that the measurement could be independent of the reception boundary determination. Further, the first path delay of the arriving signal from the reference TRP is treated as the reference time.

There are some discussion points left from previous meeting,
1) Whether a unified reference time similar to that for UL-RTOA measurement is defined for all the UEs for the downlink measurement
2) The “assistance data reference TRP” provided by LMF may be changed from time to time. The “RSTD reference TRP” reported by UE may or may not be the same as “assistance data reference TRP”. As such, the reference time based on the received signal from a “reference TRP” may not be suitable since there may not have a unique reference TRP

Our views are, for issue 1, if the unified reference time is applied to downlink, the following problems may be encountered,
· gNB and UE are not synchronized to each other to have a common boundary
· UEs are not synchronized to each other to have a common boundary

Therefore, each UE may interpret the provided reference time differently. The provided reference time may not be useful without synchronization among entities.

[bookmark: OLE_LINK100][bookmark: OLE_LINK101]Basically there is synchronization between gNB and UE, which is that UE is to synchronize the signal transmitted from the serving gNB, and the propagation time has caused the delay. As such the transmission boundary at gNB and the reception boundary at UE has a time gap related to the propagation time, as shown in Fig. 2b-1.

[bookmark: OLE_LINK96][bookmark: OLE_LINK97]For issue 2, the assisted information provided by LMF is relative to the “assistance data reference TRP”, such as expectedRSTD, expectedRSTD_uncertainty and SFN0_offset in order to facilitate to search the arriving time. We don't find any good reason to arbitrarily change “assistance data reference TRP”. Also, the “assistance data reference TRP” defines the requested “RSTD reference” in TS 37.355. 

UE may report the “RSTD reference TRP” different from the “assistance data reference TRP”. If a UE decides to do so, it is highly due to the worse measurement from signal of “assistance data reference TRP” in some locations of the coverage. 

For model input format for LMF side model (case 2b), if we re-use the legacy concept to define the reference time based on the first path delay of the reference TRP, then it may require some number of models, each associated to a certain TRP as the RSTD reference TRP. But we don't believe that the number of models shall be equal to the total number of TRPs within a set, since the provided “assistance data reference TRP” by LMF should have been dealing with most scenarios within the coverage of a same set of TRPs.

For both sample based and path based measurements, the measurement relative to that from “assistance data reference TRP” could actually be converted by using another TRP as the reference TRP. A simple example by using path based measurements is as follows,
            RSTD1,2 = RSTD1,3 – RSTD2,3, 
where, the initial RSTD reference TRP is #3, and TRP #2 could further be acted as the reference TRP through a simple math conversion. 

Similar to uplink, an issue for downlink is, whether the model input format needs to be defined for UE side model, or let it be up to implementation?

[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK110][bookmark: OLE_LINK111]For case 1 and 2a, we expect the model input format to be specified. It could be up to UE capability to support using the specified format or not. The benefit is, the NW could provide assistance information to the UE. The more details are addressed in next section.

For LMF side model (case 2b) to support DL+UL positioning method (similar to M-RTT), then for DL part, we consider
· 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

For LMF side model (case 2b) to support DL positioning method (similar to DL-TDOA), we consider
· [bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK106][bookmark: OLE_LINK107]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

For UE side model (case 2a) to support DL+UL positioning method (similar to M-RTT), then for DL part, we consider
· 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

For UE side model (case 2a) to support DL positioning method (similar to DL-TDOA), we consider
· 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

For UE side model (case 1) to support UE based with direct AI positioning method, we consider
· 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
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           Fig. 2b-1,


[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Observation 2b-1: The assisted information provided by LMF is relative to the “assistance data reference TRP”, such as expectedRSTD, expectedRSTD_uncertainty and SFN0_offset in order to facilitate to search the arriving time. We don't find any good reason to arbitrarily change “assistance data reference TRP”. Also, the “assistance data reference TRP” defines the requested “RSTD reference” in TS 37.355

[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Observation 2b-2: Basically there is synchronization between gNB and UE, which is that UE is to synchronize the signal transmitted from the serving gNB, and the propagation time has caused the delay. As such the transmission boundary at gNB and the reception boundary at UE has a time gap related to the propagation time

Proposal 2b-1: For case 1 and 2a, support to specify the model input format

Proposal 2b-2: For case 1 and 2a, it could be up to UE capability to support using the specified format or not

Proposal 2b-3: 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 2b-4: 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 2b-5: 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 2b-6: 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

Proposal 2b-7: For UE side model (case 1) to support UE based with direct AI positioning method, 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


3. Training data collection aspect
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]For the three models allocated at UE, gNB and LMF respectively, the most controversial thing is, for the UE side model, whether the training data collection is up to UE implementation or not.

There are several issues for UE side model training data collection
· The data format
· The entity or entities to collect data, where data consists of the measurement as model input and label
· The condition/additional condition for data collection

The model input is strongly related to the data format. The data format for training and for inference are expected to be identical. If the training data collection is up to UE implementation, the potential risks are,
· NW may have problem to provide necessary assistance information
· The change on conditions and additional conditions may not be in time to inform the UE

Take the legacy UE based positioning as example. When DL-TDOA is supported, LMF could provide RTD parameter to the UE to reduce the impact of synchronization error. Remember that the DL-RSTD measurement is to take the first path delay of signal from reference TRP as the reference time.

For case 1, we also propose in previous section that the data format for UE side model could re-use the design for the legacy UE based positioning, namely, the data is to take the first path delay of signal from reference TRP as the reference time. As such, NW could still provide RTD to the UE for AI/ML positioning.

It may be argued that, there has been a developed mechanism for model training to mitigate the synchronization error, by creating numerous time shifted replica as model input for a single label for the model to learn. However, we have shown in previous contribution (R1-2401137) that the error floor would increase if the time-shifted range gets larger to produce the replica. Also, the wider time-shifted range may require much larger data amount for model training. This is not a smart way.

We have also expressed in previous contribution the joint data collection by UE and LMF, since the position calculation capability of LMF could be leveraged. Further, besides the PRU, UE could also be used to provide the measurement as model input. The reasons are,
· PRU density is the potential problem
· Within the coverage area by a set of TRPs, we don't believe that the whole area would always be heavy NLOS. A model may handle the NLOS variation within a same set of TRPs. We may not assume that model is used only under heavy NLOS
· For the legacy UE based positioning, it would be a problem if NW doesn't provide TRP coordinate. For case 1 through RF fingerprinting method, NW doesn't need to disclose TRP coordinate for UE to compute the position. This means, UE may use the model to obtain UE position all the time if case 1 is configured, no matter it is heavy NLOS or not

When there is a large time gap between training data collection stage and the model being ready for inference, it may be wondering whether the configuration/condition for measurement and inference may still be invariant, or there is any reason to be changed. For example,
· The mapping of logic IDs to a physical TRP, such as PRS-ID, DL PRS resource ID and resource set ID. Resource number within a resource set
· The orientation of each DL PRS resource ID (beam direction)
· The change of position of physical TRP
· The reference TRP

[bookmark: OLE_LINK124][bookmark: OLE_LINK125]During training data collection stage, it could consider to re-use the “measurement reference time” for measurement reporting by using the UTC time, not SFN number. Any change of configuration/condition may consider to reset and restart the training data collection.

[bookmark: OLE_LINK260][bookmark: OLE_LINK261]
[bookmark: OLE_LINK112][bookmark: OLE_LINK113]Proposal 3-1: For UE side model (case 1), besides using PRU, support LMF to provide label and UE to provide the measurement for training data

Proposal 3-2: For case 2b, besides using PRU, support LMF to provide label and UE to provide the measurement for training data

[bookmark: OLE_LINK114][bookmark: OLE_LINK115]Proposal 3-3: For case 2a, besides using PRU, support LMF to provide label and UE to provide the measurement for training data. Since after proper position calculation by LMF, the timing info, LOS/NLOS indication could be further refined

[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Proposal 3-4: For case 3a, besides using PRU, support LMF to provide label and gNB to provide the measurement for training data. Since after proper position calculation by LMF, the timing info, LOS/NLOS indication could be further refined

Proposal 3-5: For case 3b, besides using PRU, support LMF to provide label and gNB to provide the measurement for training data

Proposal 3-6: During training data collection stage, it could consider to re-use the “measurement reference time” for measurement reporting by using the UTC time

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]
4. Model monitoring aspect
There is the following agreement in previous meeting,
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The AI/ML model in an entity (UE, gNB or LMF) could be monitored by a same entity, or by a different entity. Further, LMF is able to monitor the model at UE and gNB. 

From TS37.355 IE structure, there is no “assistance information” sent from UE to LMF. For example, if the association between SRS and TX TEG, and the adopted ( NTA_offset ) are treated as “assistance information”, they are still within the measurement report under the signalling design by RAN2, without explicitly saying that they are “assistance information”.
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The way for LMF to monitor AI/ML model performance is out of RAN1 scope. If RAN1 expects to provide something to facilitate performance monitoring of LMF side model, it is just based on RAN1’s assumption on what is the feasible way for model performance monitoring. Theoretically, AI/ML performance comparison with the legacy performance could be used for performance monitoring. And there could be two conditions for consideration, 
· [bookmark: OLE_LINK63][bookmark: OLE_LINK64]When there is any LOS link, theoretically the legacy performance through the UE and PRU measurements could be considered
· When there is no LOS link, theoretically the legacy performance through the PRU measurements could be considered

[bookmark: OLE_LINK126][bookmark: OLE_LINK127]But we also believe that a LMF side model before being deployed should have been at least tested with taking the PRU measurements as input, and checking the model output results with the reported position by PRU.

The model for positioning is geography dependent due to RF fingerprinting nature. It is possible that for a same set of TRPs, there are several models to be allocated to pursue the optimized performance, as shown in Fig. 4-1. In this case we wonder whether the use of PRU measurements is useful. The reason is, for example, if LMF is activating model #3, and the LMF takes the PRU #2 measurement as model input, the performance is surely degraded.

[bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK132]Also, the statistical analysis on the model input for model monitoring may take a certain long time. It is not certain whether the proper time to switch the model has been passed.
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          Fig. 4-1(a)                                         Fig. 4-1(b)



[bookmark: OLE_LINK262][bookmark: OLE_LINK263]
Observation 4-1: The way for LMF to monitor AI/ML model performance is out of RAN1 scope. If RAN1 expects to provide something to facilitate performance monitoring of LMF side model, it is just based on RAN1’s assumption on what is the feasible way for model performance monitoring

Observation 4-2: We believe that a LMF side model before being deployed should have been at least tested with taking the PRU measurements as input, and checking the model output results with the reported position by PRU

Observation 4-3: Statistical analysis on the model input for model monitoring may take a certain long time. It is not certain whether the proper time to switch the model has been passed

Proposal 4-1: For LMF side model, consider the legacy performance as benchmark for performance monitoring


5. Reporting for combination scheme under receiver diversity
The legacy DL PRS-RSRP measurement when there is receiver diversity in use may report the value that is not lower than the corresponding measured DL PRS-RSRP in any of the individual receiver branches. This means, the reported RSRP may be coming from
· The receiver branch with max RSRP
· Several receiver branches by summation
· All the receiver branches by summation

In the meantime, the RSRPP result should also come from the same set of receiver branches used to determine RSRP. The number of branches within the set could be one or more than one.

Power delay profile (PDP) contains both the sample timing and the corresponding magnitude. When there is receiver diversity at UE, what is the proper combination scheme to form PDP (under LMF side model)?

The receiver diversity may also consider RX TEG problem for PDP during combination. But the basic principle defined for DL PRS-RSRP and DL PRS-RSRPP could be re-used for PDP reporting by UE and gNB to LMF. UE or gNB may report a PDP based on the following principle under receiver diversity that,
· [bookmark: OLE_LINK235][bookmark: OLE_LINK236]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
· [bookmark: OLE_LINK237][bookmark: OLE_LINK238]The sample’s power of all the samples in the reported PDP are provided by the same receiver branch(es)
· The receiver branch(es) used for combination are under the same RX TEG

Note that UL SRS-RSRPP also supports another alternative that the first path RSRPP shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches. Since there are multiple samples within a PDP, these samples may require the respective power provided by same receiver branch(es). Otherwise, the reported PDP would be distorted if the alternative is extended to each sample within a PDP.

[bookmark: OLE_LINK264][bookmark: OLE_LINK265]
Proposal 5-1: 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 5-2: The sample’s power of all the samples in the reported PDP are provided by the same receiver branch(es)

Proposal 5-3: The receiver branch(es) used for combination are under the same RX TEG
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[bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK69][bookmark: OLE_LINK70]
6. Measurement parameter indication
In existing measurement reporting in TS37.355, the LOS/NLOS indication is optional under mandatory reporting for the timing. And the below is the description for the LOS/NLOS indicator field. For legacy measurement, UE is required to identify the first path delay from the measured channel response. However, the first path may not always be LOS. This field also means, UE has done the best to identify the first path delay, but there is probability that first path may be NLOS or LOS.

According to existing study, the AI/ML method through the model training has shown that, the model is able to infer the LOS delay which is before the first path delay as the timing for reporting. The model is also able to infer the soft value of LOS/NLOS condition based on the measured channel response. Basically the existing fields could be enough for AI/ML generation for timing and the indication with additional signalling that the results are derived from AI/ML method.

[bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK247][bookmark: OLE_LINK248][bookmark: OLE_LINK249]But based on the existing fields, it is not known how good the model could infer the LOS delay under heavy NLOS condition. Note that the existing LOS/NLOS indicator field is based on the observation on the channel response. When AI/ML method is applied, this LOS/NLOS indicator field, when reporting together with timing, may be interpreted as the likelihood to be close to the LOS delay based on AI correction, which reflects the confidence level for the model on the input channel response. As such, there is no need to create new field.   
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[bookmark: OLE_LINK266][bookmark: OLE_LINK267]Observation 6-1: The existing LOS/NLOS indicator field is based on the observation on the channel response

Observation 6-2: Based on the existing fields, it is not known how good the model could infer the LOS delay under heavy NLOS condition

Proposal 6-1: When AI/ML method is applied, this LOS/NLOS indicator field, when reporting together with timing, may be interpreted as the likelihood to be close to the LOS delay based on AI correction, which reflects the confidence level for the model on the input channel response. As such, there is no need to create new field

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

Proposal 7-3: 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: Deprioritize to report the phase of the selected samples in the channel response measurement

Proposal 7-5: The sample selection mechanism could be left to RAN4

Proposal 7-6: 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 7-7: 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 7-8: The UE based positioning with direct AI method supports downlink-only transmission

Proposal 7-9: 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 7-10: 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 7-11: 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 7-12: 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, if joint training data collection between NW and UE is permitted

Proposal 7-13: Provide RTD-info to UE when UE is under UE based mode with AI/ML method

Proposal 7-14: For case 2a, support DL-RSTD and NLOS/LOS indication as the model output


8. Conclusion

Observation 2-1: The reference time is the start time point to observe the arriving signal relatively between +/- ½ OFDM symbol time to determine the samples or the paths

Observation 2a-1: The arriving time at the serving gNB from UE transmission could be controlled by TA so that the uplink signal may arrive within a time range, irrespectively of the distance between them. The arriving time at the neighbor gNB from a same UE transmission may be outside a time range that is controlled through the TA by the associated serving gNB

Observation 2a-2: To avoid the generalization problem the gNB side model for training should collect the UE/PRU transmission not just from the own serving cell coverage, but also from other cells

Observation 2a-3: It is also clear that both the UL-RTOA and gNB RX-TX time difference measurements are to obtain the pseudo range measurement, not the true range measurement, since the UE transmission timing happens before the boundary of gNB

Observation 2b-1: The assisted information provided by LMF is relative to the “assistance data reference TRP”, such as expectedRSTD, expectedRSTD_uncertainty and SFN0_offset in order to facilitate to search the arriving time. We don't find any good reason to arbitrarily change “assistance data reference TRP”. Also, the “assistance data reference TRP” defines the requested “RSTD reference” in TS 37.355

Observation 2b-2: Basically there is synchronization between gNB and UE, which is that UE is to synchronize the signal transmitted from the serving gNB, and the propagation time has caused the delay. As such the transmission boundary at gNB and the reception boundary at UE has a time gap related to the propagation time

Observation 4-1: The way for LMF to monitor AI/ML model performance is out of RAN1 scope. If RAN1 expects to provide something to facilitate performance monitoring of LMF side model, it is just based on RAN1’s assumption on what is the feasible way for model performance monitoring

Observation 4-2: We believe that a LMF side model before being deployed should have been at least tested with taking the PRU measurements as input, and checking the model output results with the reported position by PRU

Observation 4-3: Statistical analysis on the model input for model monitoring may take a certain long time. It is not certain whether the proper time to switch the model has been passed

Observation 6-1: The existing LOS/NLOS indicator field is based on the observation on the channel response

Observation 6-2: Based on the existing fields, it is not known how good the model could infer the LOS delay under heavy NLOS condition

Proposal 2a-1: 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 2a-2: 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 2a-3: 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 2a-4: 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 2b-1: For case 1 and 2a, support to specify the model input format

Proposal 2b-2: For case 1 and 2a, it could be up to UE capability to support using the specified format or not

Proposal 2b-3: 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 2b-4: 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 2b-5: 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 2b-6: 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

Proposal 2b-7: For UE side model (case 1) to support UE based with direct AI positioning method, 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 3-1: For UE side model (case 1), besides using PRU, support LMF to provide label and UE to provide the measurement for training data

Proposal 3-2: For case 2b, besides using PRU, support LMF to provide label and UE to provide the measurement for training data

Proposal 3-3: For case 2a, besides using PRU, support LMF to provide label and UE to provide the measurement for training data. Since after proper position calculation by LMF, the timing info, LOS/NLOS indication could be further refined

Proposal 3-4: For case 3a, besides using PRU, support LMF to provide label and gNB to provide the measurement for training data. Since after proper position calculation by LMF, the timing info, LOS/NLOS indication could be further refined

Proposal 3-5: For case 3b, besides using PRU, support LMF to provide label and gNB to provide the measurement for training data

Proposal 3-6: During training data collection stage, it could consider to re-use the “measurement reference time” for measurement reporting by using the UTC time

Proposal 4-1: For LMF side model, consider the legacy performance as benchmark for performance monitoring

Proposal 5-1: 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 5-2: The sample’s power of all the samples in the reported PDP are provided by the same receiver branch(es)

Proposal 5-3: The receiver branch(es) used for combination are under the same RX TEG

Proposal 6-1: When AI/ML method is applied, this LOS/NLOS indicator field, when reporting together with timing, may be interpreted as the likelihood to be close to the LOS delay based on AI correction, which reflects the confidence level for the model on the input channel response. As such, there is no need to create new field

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

Proposal 7-3: 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: Deprioritize to report the phase of the selected samples in the channel response measurement

Proposal 7-5: The sample selection mechanism could be left to RAN4

Proposal 7-6: 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 7-7: 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 7-8: The UE based positioning with direct AI method supports downlink-only transmission

Proposal 7-9: 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 7-10: 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 7-11: 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 7-12: 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, if joint training data collection between NW and UE is permitted

Proposal 7-13: Provide RTD-info to UE when UE is under UE based mode with AI/ML method

Proposal 7-14: For case 2a, support DL-RSTD and NLOS/LOS indication as the model output


9. Reference
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o For AUML based positioning case 2b. at least the following types of time domain channel measurements are
supported for UE reporting to LMF:
(a) timing information:

(b) paired timing information and power information.
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InRel-19 AUML based positioning, regarding the time domain channel measurements, RAN1 investigate the following
alternatives:
o Altemative (a). Sample-based measurements, where the timing information is an integer multiple of
sampling periods.
o Altemative (b). Path-based measurements, where the timing information is according to the detected path
timing and may not be an integer multiple of sampling periods.
The issues to be studied include, but not limited to, the following
o Tiadeoff of positioning accuracy and signaling overhead
o Impact and necessary details of gNB/UE implementation to obtain the channel measurement valucs.
o Whether the same Alternative(s) applies to all cases o not
o Applicability and necessity of specifying the Altemative(s) to different cases
o Note: different sub-cases may have different issucs.
Note: In addition to timing information, the components for the channel measurement for model input may also include
power and potentially phase. To provide the type of the channel measurement in their investigation.
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For AI/ML assisted positioning Case 3a, at least LOS/NLOS indicator and/or timing information are supported for
reporting.
« IfLOS/NLOS indicator is reported. the indicator can be reported as soft indicator or hard indicator as defined
in 38.214.
o Iftiming information is reported, the timing information at least can be reported via UL RTOA or gNB Rx-Tx
time difference as defined in 38.215.
o Note: details of the report are pending further discussion.
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For AI/ML assisted positioning Case 2a, at least LOS/NLOS indicator and/or timing information are supported for
reporting.
« IfLOS/NLOS indicator is reported. the indicator can be reported as soft indicator or hard indicator as defined
in 38.214.
o If timing information is reported, the timing information at least can be reported via DL RSTD or UE Rx-Tx
time difference as defined in 38.215.
o Note: details of the report are pending further discussion.
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For LMEF-side model, RAN1 studies whether/what assistance information and/or measurement report may be sent from
UE/PRU, and/or NB to LMF to assist at lcast for the performance monitoring.
«  RANI understands that it is out of RANI scope to define monitoring metric calculation and related model
management decisions for LMF-side model.
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For AI/ML based positioning Case 3b, for gNB channel measurements reported to LME, the timing information is
represented relative to a reference time.
o FFS: Whether any specification impact of the reference time used to represent the timing information. Details
of the reference time
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For AL/ML based positioning for all use cases, RAN1 investigate the necessity and feasibility of using phase
information (in addition to timing information and power information) for determining model input. The issues to study
include:

o Tradeoff of positioning accuracy and signaling overhead

e The impact of transmitter and receiver implementation

o Spesification impact

o Other aspects are not precluded
Note: the phase information may be used in different ways, c.g., one phase value for the first path or first sample only:
triplet of {timing information, power information, phase information} for CIR, etc.
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Rel-19 AI/ML based positioning, support the following for providing measurement data:
e For Case 1, 2a and 2b: PRU;
o FFS: whether a UE without known location can be used to provide measurement data
e For Case 3a and 3b: TRP

Rel-19 AI/ML based positioning, support the following for providing label data:
e For Case 1and 2a: PRU
o FFS: whether a UE without known location can be used to provide measurement data
e For Case 2b, 3a, 3b: LMF with known PRU location
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UL Relative Time of Arrival (TuLrroa)

Definition

[The UL Relative Time of Arrival (TuL=ros) is the beginning of subframe {containing SRS received|
in Reception Point (RP) [18] J, relative to the RTOA Reference Time [16]

I The UL RTOA reference time is defined as T, + tggs, Where
- T, is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS
3845
- tsgs = (10mg + nge) X 1073, where n¢ and ng¢ are the system frame number and the
subframe number of the SRS, respectively.

Multiple SRS resources can be used to determine the beginning of one subframe containing
SRS received at a RP.

I The reference point for TuL&Tos shall be:
- for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
- for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (Le. the centre location of
the radiating region of the Rx antenna),

- for type 1-H base station TS 38.104 [9] the Rx Transceiver Array Boundary connector.
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gNB Rx — Tx time difference

Definition

[The QNE,Rx — Tx time difference is defined as Jangmx — Tagx

[Where:
Tang=x is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i
containing SRS associated with UE, defined by the first detected path in time.

[Tataxis the TRP transmit timing of downlink subframe #] that is closest in time to the subframe
[#1 received from the UE

Multiple SRS resources can be used to determine the start of one subframe containing SRS.

I The reference point for Tayax shall be:
- for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
- for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (Le. the centre location of
the radiating region of the Rx antenna),
- for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
I The reference point for Tayz:rx shall be:
- for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
- for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (Le. the centre location of
the radiating region of the Tx antenna),
-_for type 1-H base station TS 35.104 [9]: the Tx Transceiver Array Boundary connector.
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- NR-Multi-RTT-SignalMeasurementinformation

‘The IE NR-Multi-RTT-SignalMeasurementlnformation is used by the target device to provide NR Multi-RTT
measurements to the location server.

ASNISTART
NR-Multi-RTT-SignalMeasurementInformation-r16 SEQUENCE {
nr-Multi-RTT-MeasList-rl6 NR-Multi-RTT-MeasList-rl6,
nr-NTA-Offset-rlg ENUMERATED { nTAl, nTA2, nTA3, nTa4, ... } OPTIONAL,
1
nr-SRS-TXTEG-Set-rl7 SEQUENCE (SIZE(l..maxTxTEG-Sets-rl7)) OF
NR-SRS-TXTEG-Element-rl7 OPTIONAL
- Cond Case2-3
11,
1
nr-UE-RXTEG-TimingErrorMargin-rl]  TEG-TimingErrorMargin-rll OPTIONAL,-- Cond TEGCase3
nr-UE-TxTEG-TimingErrorMargin-rl]  TEG-TimingErrorMargin-rll OPTIONAL,-- Cond TEGCase2-3

nr-UE-RXTTEG-TimingErrorMargin-rl7 RxTxTEG-TimingErrorMargin-rl] OPTIONAL -- Cond TEGCasel-2
11
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5.1.28 DL PRS reference signal received power (DL PRS-RSRP)

Definition

DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over
the power contributions (in [W]) of the resource elements that carry DL PRS reference signals
configured for RSRP measurements within the considered measurement frequency bandwidth

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector
of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined
signal from antenna elements corresponding to a given receiver branch. For frequency range 1
and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be
lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

Applicable for

RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE
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5.1.35 DL PRS reference signal received path power (DL PRS-RSRPP)

Definition

DL PRS reference signal received path power (DL PRS-RSRPP), is defined as the power of the
linear average of the channel response at the i-fh, path delay of the resource elements that carry
DL PRS signal configured for the measurement, where DL PRS-RSRPP for the 1st path delay is
the power contribution corresponding to the first detected path in time

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna
connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the
combined signal from antenna elements corresponding to a given receiver branch

For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP
measurements, the reported DL PRS-RSRPP value included in the higher layer parameter NR-
DL-AoD-MeasElement for the first and additional measurements shall be provided for the same
receiver branch(es) as applied for DL PRS-RSRP measurements

Applicable for

RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE
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UL SRS reference signal received path power (UL SRS-RSRPP)

Definition

UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the
linear average of the channel response at the -, path delay of the resource elements that carry
the received UL SRS signal configured for the measurement, where UL SRS-RSRPP for 1st path
(delay is the power contribution corresponding to the first detected path in time

[ The reference point for UL SRS-RSRPP shall be:
- for type 1-C base station TS 35.104 [9]: the Rx antenna connector,

- for type 1-O or 2-O base station TS 38.104 [9]: based on the combined signal from antenna
lelements corresponding to a given receiver branch

- for type 1-H base station TS 35.104 [9]: the Rx Transceiver Array Boundary connector.

For frequency range 1 and 2, if receiver diversity is in use by the gNB, for UL SRS-RSRPP
measurements

- The reported UL SRS-RSRPP value for the first and additional paths shall be provided for the
|same receiver branch(es) as applied for UL SRS-RSRP measurements, or

|- The reported UL SRS-RSRPP value for the first path shall not be lower than the
corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches and
the reported UL SRS-RSRPP for the additional paths shall be provided for the same receiver

branch(es) as applied UL SRS-RSRPP for the first path





image27.png
nr-los-nlos-Indicator
This field specifies the target device's best estimate of the LOS or NLOS of the TOA measurement for the TRP or
resource. Note, the TOA measurement refers to the TOA of this neighbour TRP or the reference TRP, as applicable,
used to determine the n-RSTD or nr-RSTD-ResultDiff

NOTE:  Ifthe requested type or granularity in nr-los-plos-lndicatorReguest is not possible, the target device may
provide a different type and granularity for the estimated L OS-NLOS-Indicator.
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For Rel-19 AVML bascd positioning, the measurements for determining model input are based on the DL PRS and UL
SRS defined in TS38.211.
e Note: The use of SRS for MIMO resource is transparent to UE.
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For AUML based positioning case 3b, at least the following types of time domain channel measurements are
supported for reporting:
() timing information:

(b) paired timing information and power information.




