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Introduction
In RAN#90-e, the approved WI for Rel-17 positioning enhancement which includes accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays. In RAN 1#104-e, initial discussion resumed defining the potential timing errors due to Tx/Rx delays at gNB/UE. Further following agreements had drawn in the meeting on error estimation and reporting,

Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI

Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.


This contribution provides the further deliberation and detailing on initial agreements and further enhancements for gNB/UE Tx-Rx timing delay mitigation techniques in Rel 17.

gNB/TRP and UE Tx-Rx timing errors
Time base positioning methods viz DL-TDOA, U-TDOA and M-RTT suffers from Tx-Rx timing errors. Sources of timing error are mainly clock synchronization error among gNBs/TRPs (for DL-TDOA and UL-TDOA) and group delay (Tx/RX timing error) (for DL-TDOA, U-TDOA and M-RTT) due to delay between the time when the digital signal is generated at baseband and the time when the RF signal is transmitted from the Tx antenna. These delays are real bottleneck for the expected accuracy in Rel 17 which is as low as 20 cm in case of IIoT scenarios. Therefore, these timing errors need to be mitigated in Rel 17 to achieve required accuracy. 
In case of DL-TDOA and U-TDOA, the group delays at UE side will get cancel as shown in figure 1. In general, the group delays will be different for different antenna panel at UE as generally different antenna panel uses different RF chain. In such cases it is not possible to cancel out the group delay at UE even in case of DL-TDOA and U-TDOA positioning methods. At gNB side group delay will not be corrected in any positioning method without prior calibration techniques adopted to reduce the positioning error. Method to mitigate such timing error are provide in subsequent sections.

Estimating of UE Group delays 
UE may be equipped with multiple panels in NR. In this case, each panel may experience different timing errors. These errors can be grouped into timing error groups (TEG) corresponding to each antenna panel/RF chains. UE can report such possible number of TEGs to the LMF. LMF can configure the DL-PRS resource and/or positioning SRS resource per TEG. In case of DL-TDOA method, UE will measure the RSTD for the TRPs which are configured with DL-PRS associated with same TEG. Similarly, in case of UL-TDOA, positioning SRS will be configured to transmit per TEG which will be associated with particular antenna panel. TEG to antenna panel will be up to UE implementation and need not to be share with LMF/TRP. 

Potential Specification impact: To enable this timing error mitigation technique, UE need to convey the TEGs to LMF in capability information message. Further LMF should configure the positioning request information with DL-PRS and positioning SRS resource associated with particular TEGs (TEG ID). Similarly, in case of UE assisting positioning, UE should report the timing measurements with corresponding TEG ID.

Observation 1: In case of DL-TDOA and UL-TDOA methods, UE clock error, Rx-Tx group delay can be mitigated due to differential measurements. But incase of different UE panels, elimination of such delay across panel is difficult.

Observation2: UE can classify the group delay per antenna panel, and it will be used to group the measurement to eliminate the timing error per panel.

Proposal 1: UE should report the possible number TEGs to LMF as UE capability. TEGs should be associated with UE panels. Maximum number of TEGs is FSS.

Proposal 2: LMF should configure the DL -PRS and positioning SRS resource associated with each TEG ID separately for DL-TDOA and UL-TDOA method respectively.

Proposal 3:  In DL-TDOA, UE should report the RSTD measurements along with associated TEG ID to LMF.  
Proposal: In ULL-TDOA, gNB/TRP should report the RTOA measurements along with associated TEG ID to LMF.  

But in case of multi-RTT base method, UE group delays will not be eliminated due to TOA measurements in M-RTT case unlike TDOA measurements in rest of the time-based positioning methods. Differential M-RTT is solution similar like DL/UL-TDOA methods but this covert the positioning problem from circular intersection to hyperbolic intersection. This compromises the accuracy of M-RTT which is not expected.

Observation 3: For M-RTT based method reporting of TEGs associated with different UE panel will not be sufficient to eliminate the UE group delays. 

This problem can be resolved by reference node implementation and calibration of group delays. 

Estimating and mitigating of gNB/TRP Group delays using reference node
The gNB/TRP group delays (Rx/Tx timing error) are nothing timing error exist between digitalized signal and signal transmitted or received at antenna. One way of eliminating the gNB/TRP group delays is by introducing are reference node. Reference node can be UE or other gNB/TRP. Reference node location will be precisely known. For illustration purpose consider example of gNB/UE Rx-Tx time difference measurement in case of M-RTT method. As shown in fig 1, gNB 1 will transmit the DL-PRS at time  which will be received by UE in time  Similarly, positioning SRS resource is transmitted by UE at time  to gNB which will be received at time . Let’s assume that is Tx-Rx time error at UE and  is time error at ith gNB then M-RTT is estimated as,


Where,  are DL and UL propagation delay,  is gNB Rx-Tx time difference and M are the number of gNB involved in M-RTT measurements. 
From equation, it is understood that RTT for UE will suffer from the group delay (). This can be eliminated with the help of reference UE whose location is precisely known at LMF. In such case,   will be estimated using the location of gNB and reference UE to get both gNB and UE group delays. 
[image: ]Observation 4: Reference node will estimate any timing error at transmitter and receiver including clock synchronization, group delays. 
Figure 1: Refence node base timing error estimation in M-RTT based positioning method


Specification impact: In last meeting it is agreed that reference node may use full for achieving the expected accuracy is Rel 17 and agreed to study it impact on standard. LMF can configure the reference node (may UE / gNB) base on the capability of the node. There node should share the capability with LMF to act as reference node. The capability should include awareness of known location accuracy of the node. If location of reference is not known at LMF then LMF can request the location to reference node. 
Once location is known then LMF can configure any positioning method to the reference node. In case of UE being reference node, for UE assisting positioning method, UE will report the measurement to LMF as per present spec. This will not have any standard impact. In case of UE based positioning LMF should report the estimated timing errors to the UE for accurate positioning estimation. In case of gNB/TRP being reference node, gNB should be capable of receiving the PRS signal transmitted by other TRPs. Further it should report the measurement to the LMF for timing error estimation.

Proposal 4: Reference node for timing error estimation can be UE or gNB/TRP whose location is precisely known. Candidate node should share capability of being reference node for timing error calibration with LMF including precise position.  

Proposal 5: For UE as reference node,
1. In case of UE assisted positioning, UE can be configured with existing positioning method for timing error calibration. There is no specification impact.
2. In case of UE based positioning, LMF need to convey the timing error to UE to mitigate the timing error from positioning estimation.

Proposal 6: For gNB configured as reference node, gNB should be capable of receiving PRS signal and should report the performed measurement to the LMF. 


Conclusion
In this contribution following observation and proposal are provided,

Observation 1: In case of DL-TDOA and UL-TDOA methods, UE clock error and Rx-Tx group delay can be mitigated due to differential measurements. But in case of different UE panels, elimination of such delay across panel is difficult.

Observation 2: UE can classify the group delay per antenna panel. It can be used to group the measurements to eliminate the timing error per panel.

Observation 3: For M-RTT based method reporting of TEGs associated with different UE panel will not be sufficient to eliminate the UE group delays. 

Observation 4: Reference node will estimate any timing error at transmitter and receiver including clock synchronization, group delays.

Proposal 1: UE should report the possible number TEGs to LMF as UE capability. TEGs should be associated with UE panels. Maximum number of TEGs is FSS.

Proposal 2: LMF should configure the DL-PRS and positioning SRS resource associated with each TEG ID separately for DL-TDOA and UL-TDOA method respectively.

Proposal 3:  In DL-TDOA, UE should report the RSTD measurements along with associated TEG ID to LMF.  
Proposal: In ULL-TDOA, gNB/TRP should report the RTOA measurements along with associated TEG ID to LMF.  

Proposal 4: Reference node for timing error estimation can be UE or gNB/TRP whose location is precisely known. Candidate node should share capability of being reference node for timing error calibration with LMF including precise position.  

Proposal 5: For UE as reference node,
1. In case of UE assisted positioning, UE can be configured with existing positioning method for timing error calibration. There is no specification impact.
2. In case of UE based positioning, LMF need to convey the timing error to UE to mitigate the timing error from positioning estimation.

Proposal 6: For gNB configured as reference node, gNB should be capable of receiving PRS signal and should report the performed measurement to the LMF. 
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