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One central objective of the WID for improving positioning accuracy  [1] includes:
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions



In this contribution, we provide our views on various approaches to reduce the uncertainty of Tx/Rx timing delay estimation and hence improve positioning accuracy. 
Reporting of Tx/Rx Timing delay
When high-accuracy positioning requirements are targeted (such as those specified in Rel-17), the sources of error, including Tx/Rx timing delays (or TRDs), need to be compensated before estimating the user’s position. The TRD defines the time it takes a signal to propagate between a reference point used for either transmission or reception (ideally the antenna phase center) and the baseband circuitry. 
Taking RTT as an example, and assuming that the transmission time and ToA are performed by a baseband unit relative to a reference clock. The measured RTT in Figure 1 is then given by
tRTT = t1 + t2 + 2*tTOF + UETRD + t3 + t4
where: 
· t1 represents the delay from the BB to the RF-hardware. 
· t2 represents the delay between the output of the RF-hardware and the antenna array
· t3 and t4 represents the delays for the receiving direction 
· For the UE similar delays can be defined. The sum of these delays is depicted as UETRD.  
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Figure 1: Example on RTT delay budget applying loopback calibration.

For multi-RTT measurements the gNBTRD (sum of t1, t2, t3 and t4 ) and UETRD must be known. 
For UL-TDOA the difference between t3,gNBn + t4,gNBn – t3,gNBm – t4,gNBm for each pair of gNBn and gNBm must be known in addition to the timing offsets between SRS reources on transmitted different spatial filters if applied. 
For DL-TDOA  the difference between t1,gNBn + t2,gNBn – t1,gNBm – t2,gNBm is relevant. 

Observation 1:  The gNB delays can be split into two parts:
· a part depending on the gNB hardware: t1 and/or t4
· a part depending on the installation (e.g. cable length): (t2 and/or t3)

Observation 2: The delay t2 and t3 may be different for the panels and the effective antenna position (“phase center”) may depend on the used beam. 

Two types of Tx/Rx timing delays determination methods can be differentiated:
· The TRDs are known at the UE or TRP. In this case, if the UE or TRP is performing a measurement, the timing delays can be compensated before reporting the RTOA, RSTD or Rx-Tx measurements or taken into account by the positioning algorithm.  However, he Tx-timing delays remains unknown and need to be reported to the LMF or to the UE in UE-based mode.
· The TRDs are determined by measurements. For UL-TDOA and DL-TDOA methods, the LMF can, for example, use a known UE position to determine the RSTD or RTOA offsets resulting from the unknown TRP delays. Or by a loopback calibration for RTT as depicted in Figure 1. In this case, the measurement can compensate the delays from the measurement and reporting is needed in the case of UE-based mode only.

Proposal 1: 	Enable Rx/Tx timing delays reporting dependent on the applied transmission/reception spatial filter.

Proposal 2: 	Enable reporting of TRD information from both UE and TRP, which includes at least:
· TRP reports to the LMF Tx timing delay information on the beams used to transmit DL-PRS
· UE reports to the LMF Tx timing delay information on the beams used to transmit SRS for positioning
· LMF reports to the UE Tx timing delay information on the beams used to transmit DL-PRS in UE-based mode

In a second aspect, with large antenna arrays and possible large variation of the Tx/Rx beam phase center, the position error caused by using a “static” reference point becomes relevant, especially for accuracies in the centimeter range. Hence, the timing positioning delay information should be mapped to a transmission/reception reference point and neither to the antenna connector position nor to the antenna position.

Proposal 3: 	The reference point for TRD determination is the phase center of the transmitted or received beam.

Conclusions
Based on the foregoing discussion and observations, 
Observation 1:  The gNB delays can be split into two parts:
· a part depending on the gNB hardware: t1 and/or t4
· a part depending on the installation (e.g. cable length): (t2 and/or t3)

Observation 2: The delay t2 and t3 may be different for the panels and the effective antenna position (“phase center”) may depend on the used beam. 

the following proposals are made:
Proposal 1: 	Enable Rx/Tx timing delays reporting dependent on the applied transmission/reception spatial filter.

[bookmark: _GoBack]Proposal 2: 	Enable reporting of TRD information from both UE and TRP, which includes at least:
· TRP reports to the LMF Tx timing delay information on the beams used to transmit DL-PRS
· UE reports to the LMF Tx timing delay information on the beams used to transmit SRS for positioning
· LMF reports to the UE Tx timing delay information on the beams used to transmit DL-PRS in UE-based mode

Proposal 3: 	The reference point for TRD determination is the phase center of the transmitted or received beam.
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