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Introduction
For the purpose of Rel-17 NR positioning enhancements, RAN1 centric objectives were agreed as follows [1]:
	· 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
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


This contribution discusses Rel-17 NR positioning enhancements specifically in the accuracy improvement by mitigating UE Rx/Tx and gNB Rx/Tx timing delays.

UE & Network calibration
In Rel-17 NR positioning SI, there was strong discussion on the network synchronization error mitigation since most of the RAT-dependent positioning techniques are highly affected by synchronization errors. Ideally, the network synchronization errors can be removed by the network implementations. As a low cost way, signal measurement based solution has been discussed, but several required features should be considered such as measurement acquisition time line and/or transmission and reception beam alignment. 
Assuming that propagation time of UL and DL is the same, the UE/network could extract the synchronization time difference included in RSTD measurement by using round trip time measurement. Based on Figure 1, the relation of the round trip time, RSTD, and the time synchronization term can be described as follows:
				(1)
where /  denotes the round trip time between the UE and gNB#1/gNB#2 respectively, and  denotes the RSTD measurement regarding gNB#1 and gNB#2 when there is no synchronization error, and  represents the time difference between gNB#1 and gNB#2. 
In consideration of the defined timing measurement, the above equation could be described as follows:
(2)
Where,
· : UE Rx-TX time difference of the UE and gNB#k
· : gNB Rx-Tx time difference of the UE and gNB#j 
· : RSTD measurement with respect to gNB#k and gNB#j
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From (2), if the gNB Rx-TX time difference measurement is sent to the UE, the UE also can estimate network time synchronization difference.

Observation #1: 
· Time synchronization errors between gNBs/TRPs can be compensated from either network or UE by using signal measurements based on SRS and PRS. 

In consideration of the measurement acquisition behaviour of the UE and gNB, however, for the purpose of accurate acquisition of network time synchronization difference, the time duration of the measurement acquisition should be considered. Considering that a specific timing measurement is calculated by averaging multiple measurements, the above (2) could be expressed as follows:
,
·  and  respectively denote the UE’s measurement averaging window for the UE Rx-Tx time different for gNB#1 and gNB#2, 
·  and  respectively denote the measurement averaging window of gNB#1 and gNB#2 for the gNB Rx-Tx time different with regard to the UE. 
·  denotes the UE’s measurement averaging window for RSTD.
The measurement averaging windows described above are generally up to implementations for both of the UE and the gNB. In our view, however, if those windows are up to the implementations, it is difficult to extract the time synchronization difference term. For example, a UE can recognize its movement speed, so the UE can report the UE Rx-Tx time difference measurement based on the most recent measurement samples, but the gNB can assume the UE which is semi-static, and then it may calculate the average value of the gNB Rx-Tx time difference measurement acquired over a relatively long time duration for the improved measurement accuracy. It leads to an inaccurate RTT measurement at the LMF. Thus, both of the UE and the gNB should follow an aligned rule to determine a measurement for reporting of the Rx-Tx time difference and RSTD. 
Furthermore, Tx/Rx beam direction of the UE/gNB need to be considered. The UE’s reception beam for PRS measurement and the transmission beam of the gNB should be optimized for timing measurement and those beams should be used for SRS transmission and reception. 

Proposal #1: 
· Support enhancements for introducing measurement acquisition rule on UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement 
· E.g., the same time window for measurement averaging of UE Rx-Tx and gNB Rx-Tx
· Support enhancements for introducing measurement acquisition rule on RSTD measurement and UE/gNB Rx-Tx time difference
· E.g., the same time window for measurement averaging of RSTD and UE/gNB Rx-Tx 

As another option, single shot based measurement can be considered. For example, AP PRS with AP SRS could be considered for the UE/gNB Rx-Tx time difference and RSTD measurements. 
Actually, if the network time synchronization error matters, the UE's location can be estimated by using multi-RTT technique, which is not affected by time synchronization problem. Then, why do we need estimations of the time synchronization error by using Multi-RTT and DL-TDOA? For this fundamental question, we have the following answers.
Firstly, from the perspective of a single UE capable of Multi-RTT, estimation of the time synchronization error between different TRPs would not be quite effective for positioning. However, by applying Multi-RTT and DL-TDOA techniques to a lot of UEs where they are located in the different area/region, LMF can obtain the time synchronization difference between many TRPs/gNBs. Based on those information, the LMF can compensate network time synchronization difference of RSTD measurements for many TRPs/gNBs.
· In consideration of the (substantial) coverage difference between DL PRS and UL SRS (for positioning), the number of TRPs/gNBs a UE can receive the PRS would be greater than the number of TRPs/gNBs the UE can transmit the SRS. Thus, from the perspective of a single UE, it is highly limited to estimate time synchronization difference for many different TRPs. However, it would be different through the many UEs,
Secondly, in consideration of the UEs which are not supporting Multi-RTT technique, the time synchronization difference information obtained by other UEs could be effectively used to mitigate time synchronization difference included in the RSTD measurements 
Therefore, even if the strict rule for measurement acquisition time is essentially required to mitigate network synchronization time error, we recommend our proposal. 

Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially for the mitigation of the time synchronization error based on signal measurements. 

Observation #1: 
· Time synchronization errors between gNBs/TRPs can be compensated from either network or UE by using signal measurements based on SRS and PRS. 

Proposal #1: 
· Support enhancements for introducing measurement acquisition rule on UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement 
· E.g., the same time window for measurement averaging of UE Rx-Tx and gNB Rx-Tx
· Support enhancements for introducing measurement acquisition rule on RSTD measurement and UE/gNB Rx-Tx time difference
· E.g., the same time window for measurement averaging of RSTD and UE/gNB Rx-Tx 
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