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Introduction
In RAN1 #116 meeting, the following agreements on ML based positioning were agreed.
	Agreement
For Rel-19 AI/ML based positioning, the measurements for determining model input are based on the DL PRS and UL SRS defined in TS38.211.
· Note: The use of SRS for MIMO resource is transparent to UE.

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

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

Agreement
In Rel-19 AI/ML based positioning, regarding the time domain channel measurements, RAN1 investigate the following alternatives:
· Alternative (a).  Sample-based measurements, where the timing information is an integer multiple of sampling periods. 
· Alternative (b).  Path-based measurements, where the timing information is according to the detected path timing and may not be an integer multiple of sampling periods.
The issues to be studied include, but not limited to, the following:
· Tradeoff of positioning accuracy and signaling overhead
· Impact and necessary details of gNB/UE implementation to obtain the channel measurement values. 
· Whether the same Alternative(s) applies to all cases or not
· Applicability and necessity of specifying the Alternative(s) to different cases
· Note: different sub-cases may have different issues. 
Note: In addition to timing information, the components for the channel measurement for model input may also include power and potentially phase. To provide the type of the channel measurement in their investigation.

Agreement
For AI/ML assisted positioning Case 3a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via UL RTOA or gNB Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.

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

Agreement
For LMF-side model, RAN1 studies whether/what assistance information and/or measurement report may be sent from UE/PRU, and/or gNB to LMF to assist at least for the performance monitoring.
· RAN1 understands that it is out of RAN1 scope to define monitoring metric calculation and related model management decisions for LMF-side model. 

Agreement
For AI/ML based positioning Case 3b, for gNB channel measurements reported to LMF, the timing information is represented relative to a reference time. 
· FFS: Whether any specification impact of the reference time used to represent the timing information. Details of the reference time

Agreement
For AI/ML based positioning for all use cases, RAN1 investigate the necessity and feasibility of using phase information (in addition to timing information and power information) for determining model input. The issues to study include:
· Tradeoff of positioning accuracy and signaling overhead
· The impact of transmitter and receiver implementation
· Specification impact
· Other aspects are not precluded
Note: the phase information may be used in different ways, e.g., one phase value for the first path or first sample only; triplet of {timing information, power information, phase information} for CIR, etc.




In this contribution, we provide some discussion on AI/ML based positioning.
UE-side model
In RAN1 #116 meeting, it was agreed to reuse the PRS for ML based positioning. For UE-side model, UE can predict the positioning based on the received PRSs from multiple TRPs. During the study phase in Rel-18, it is observed that the measurement error could cause performance loss for the positioning. It is challenging for the UE to measure the channel from PRSs for the multiple TRPs accurately, since the RSRP or SINR for the PRSs from different TRPs could be different. The RSRP or SINR for some PRSs could be too low to measure the channel accurately. Therefore, one possible way is to consider coverage enhancement technologies for PRS. 
Proposal 1: Support coverage enhancement for PRS to reduce the measurement error.
Further, for UE-side model, different models could be fit for different scenarios, e.g., different TRP deployment, different antenna architectures and so on. To facilitate the model selection, it is better that the NW can provide some side information, e.g., antenna type (omni-directional or directional) for each TRP, antenna radiation pattern, beam for PRS, location of each TRP and so on.
Proposal 2: Support the NW to provide side information for the UE to select the corresponding model, where the side information could include antenna type (omni-directional or directional) for each TRP, antenna radiation pattern, beam for PRS, location of each TRP and so on.

NW-side model
PRS based operation
In RAN1 #116 meeting, it was agreed to report the timing information and power information based on the PRS to facilitate the NW side positioning. For timing information, the following has been agreed.
	Agreement
In Rel-19 AI/ML based positioning, regarding the time domain channel measurements, RAN1 investigate the following alternatives:
· Alternative (a).  Sample-based measurements, where the timing information is an integer multiple of sampling periods. 
· Alternative (b).  Path-based measurements, where the timing information is according to the detected path timing and may not be an integer multiple of sampling periods.
The issues to be studied include, but not limited to, the following:
· Tradeoff of positioning accuracy and signaling overhead
· Impact and necessary details of gNB/UE implementation to obtain the channel measurement values. 
· Whether the same Alternative(s) applies to all cases or not
· Applicability and necessity of specifying the Alternative(s) to different cases
· Note: different sub-cases may have different issues. 
Note: In addition to timing information, the components for the channel measurement for model input may also include power and potentially phase. To provide the type of the channel measurement in their investigation.



Usually, the DCT operation can be used to identify the strong channel paths compared to the DFT operation. The first K samples after the DCT operation could represent 90% power for a channel. Then with the help of the DCT operation, UE does not need to report too many samples for sample-based measurements compared to the path-based measurements.
Proposal 3: Support the UE to report the timing information based on sample-based measurements, where the UE reports the power information based on the DCT domain of the channel measurement.
For NW-side model, one possible way is to configure PRSs from multiple TRPs and UE reports some measured results for the PRSs. During the study phase in Rel-18, CIR could be one possible metric to be reported for positioning. Then the UE can report the CIR measured from each PRS. With regard to potential impact due to measurement error, UE can also report the L1-SINR for each PRS additionally. Then the NW can decide whether to use the reported CIR or not for model inference.
Proposal 4: Support to report L1-SINR for a set of configured PRSs to facilitate the NW-side model based positioning in addition to the timing and power information.

SRS based operation
For NW-side model, another possible way is to transmit the SRS for positioning. For example, the UE can transmit one SRS resource to multiple TRPs. Then the NW can measure the CIR or other metric for model inference. To transmit the SRS to multiple TRPs, UE can determine the transmission power based on the pathloss for multiple TRPs. For example, the NW can configure multiple pathloss reference signals, where different pathloss reference signals are from different TRPs. Then the UE can calculate the transmission power based on the maximum pathloss measured from the pathloss reference signals.
Proposal 5: Support to configure multiple pathloss reference signals for power control for SRS for positioning
· UE calculates the transmission power for the SRS based on the maximum pathloss measured from the pathloss reference signals


Conclusion
In this contribution, we provided discussion on AI/ML based positioning. Based on the discussion, the following proposals are provided.
Proposal 1: Support coverage enhancement for PRS to reduce the measurement error.
Proposal 2: Support the NW to provide side information for the UE to select the corresponding model, where the side information could include antenna type (omni-directional or directional) for each TRP, antenna radiation pattern, beam for PRS, location of each TRP and so on.
Proposal 3: Support the UE to report the timing information based on sample-based measurements, where the UE reports the power information based on the DCT domain of the channel measurement.
Proposal 4: Support to report L1-SINR for a set of configured PRSs to facilitate the NW-side model based positioning in addition to the timing and power information.
Proposal 5: Support to configure multiple pathloss reference signals for power control for SRS for positioning
· UE calculates the transmission power for the SRS based on the maximum pathloss measured from the pathloss reference signals

