
3GPP TSG RAN WG1 #104-e		R1-2100128
e-Meeting, January 25th – February 5th, 2021

Source:	OPPO
Title:	Enhancement of timing-based positioning by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays
Agenda Item:	8.5.1
Document for:	Discussion and Decision

1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], which only includes the following RAN1-centric objective:
	[bookmark: _Hlk57059510][bookmark: _Hlk30969040]RAN1 centric objectives:
· 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

1. 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.


In this contribution, we will present our views on enhancement for positioning to resolve the issues of UE Rx/Tx and gNB Rx/Tx timing delays from the perspective of positioning methods, measurement, signaling and procedures.. 
2. General Assumptions for Discussion 
One of the RAN1 objectives is to mitigate the impact of Rx/Tx timing delays at UE and gNB on NR positioning. Generally, at both side of UE and gNB, there exist transmission delay in transmit chain and receive chain. Those transmission delay would cause measurement error in timing-based measurements for positioning methods.


Figure 1: model of Tx/Rx time delay
In order to facilitate the discussion on the impact of Tx/Rx transmission delay on positioning performance, an example with 3 TRPs (TRP1, TRP2, TRP3) and one UE is shown in Figure 1,where 
1. In each TRP, there exists a Tx timing delay  in the transmit chain and a Rx timing delay   in the receive chain, i.e.,  and  are the timing delays of the transmit chain and receive chain at TRP i (i=1,2,3), respectively. 
2. UE suffers from Tx timing delay and Rx timing delay as well,  where and  are the timing delays of the transmit chain and receive chains at UE side, respectively.
3. The distances between UE and TRP1, TRP2 and TRP 3 are  and , respectively.
In the following sections, we will analyze the impact of Tx/Rx time delay on each positioning method according to the above assumptions and then provide proposed enhancement solutions.
3. DL Positioning method
In NR DL-TDOA positioning method, the UE measures and then reports the DL RSTD between different TRPs. . First of all, the time of arrival of DL PRS resource of each TRP that is measured by the UE could be expressed as:



Assuming TRP1 is the reference TRP for calculating DL RSTD. The RSTDs of TRP 2 and TRP 3 are, respectively:


We can observe both measured DL RSTDs contain a measurement error , which is caused by the Tx timing delay of TRPs. We can also observe that the timing delay of receive chain at the UE side was eliminated since it is the common item of the TOAs. That is to say, the timing delay at UE side does not cause measurement error to DL RSTD measurement. 
Simulation was conducted to evaluate the impact of Tx/Rx time delay on the performance of DL-DToA. In the simulation, T ns time delay was added to each Tx and Rx chain of each TRP. The time delay T was uniformly distributed with upper bound being 1ns, 10ns, 25ns, 50ns and 60 ns.  The simulation results are illustrated in Figure 2, where we can observe:
· The Tx time delay at the TRP has critical impact on the performance of DL-DToA.
· Submeter positioning accuracy cannot be achieved if the Tx time delay of TRP is >= 10ns.
[image: ]
Figure 2: Impact of Tx/Rx time delay on DL TDOA method
Based on the above discussions, we can make the following observations:
[bookmark: _Hlk60832495]Observation 1: The Tx timing delays of TRPs will cause additional errors in DL RSTD measurement.
Observation 2: The Rx/Tx timing delay of UE will have no impact on the performance of DL RSTD measurement.
Therefore, we will only need to consider the impact of Tx timing delays of TRPs for NR DL positioning. To minimize the impact of Tx timing delays of TRP on the RSTD measurement, one possible way is that each TRP can measure the Tx time delay of its transmit chain and report it to LMF. 
For UE-assisted DL-DTOA method, the possible procedures can be as below
1. TRP can measure the Tx timing delay of transmit chain 
2. The NG-RAN node reports the measured Tx timing delay of the TRPs to LMF via NRPPa.
3. LMF compensate the errors caused by Tx timing delay of TRPs in reported DL RSTD results accordingly.  
For UE-based DL-DTOA method, the possible procedures can be as below 
1. TRP can measure the Tx time delay in its transmit chain 
2. The NG-RAN node reports the measured Tx timing delay of the TRPs to LMF via NRPPa.
3. LMF signals the Tx timing delays of corresponding TRPs to UE via LPP
4. UE compensates the errors caused by Tx timing delay of TRPs  accordingly for the determination of location information. 
Based on the discussion, we have the following proposals to summarize the new procedures/signaling:
[bookmark: _Hlk60832504]Proposal 1: For DL TDOA positioning, Rel-17 can support the transfer of Tx timing delays of TRPs from NR-RAN node to LMF via NRPPa. 
Proposal 2: For UE-based DL-TDOA method, Rel-17 can support the signaling of the Tx timing delays of corresponding TRPs from LMF to UE via LPP. 
Tx/Rx timing delay will only affect the timing based positioning but has no impact on the angle based positioning. Therefore, another way to mitigate the impact of timing delay on the DL TDoA positioning is to combine the angle based and timing based positioning. In DL-TDoA measurement reporting specified in Rel-16, the UE reports RSTD measurement and can also report the RSRP measurement of DL PRS resources used to measure the RSTD. However, the measurement results for these two types of positioning may not be suitable for joint processing. On potential issue is that the RSTD is measured from one DL PRS resource set while a valid RSRP should be measured from only one DL PRS resource. For better performance, the joint measurement and reporting of timing based and angle based positioning per DL PRS resource is preferred.
[bookmark: _Hlk60832512]Proposal 3: For DL TDOA positioning, Rel-17 can support the joint measurement of timing based and angle based positioning per DL PRS resource. 
Proposal 4: For UE-assisted DL TDOA positioning, Rel-17 can support the joint report of timing based and angle based positioning per DL PRS resource. 
4. UL Positioning method
To calculate the UL RTOA, the gNB measures the time of arrival of SRS for positioning transmitted by the UE. The measurement UL RTOA is affected by the Tx timing delay of UE and Rx timing delay of TPR. Consider the example shown in Figure 1, the arrival time of the SRS for positioning that is measured by each TRP is:
 


The system calculates UL TDOA as the differential between those RTOAs.  Assuming TRP1 is the reference for calculating differential UL RTOA:


We can observe that the Tx timing delay of UE is eliminated but the Rx timing delay of TRP remains in the differential RTOA and then cause negative impact on the positioning based on UL timing measurement.  Thus, we can have similar observations as NR DL positioning
[bookmark: _Hlk60832530]Observation 3: The Rx timing delays of TRPs will cause additional errors for NR UL RTOA based positioning.
Observation 4: The Rx/Tx timing delay of UE will have no impact on the performance of NR UL RTOA based positioning.
To minimize the impact of Rx timing delay of TRP on NR UL RTOA based positioning, one possible way is that each TRP can measure its Rx timing delay. The possible procedures can be as below
1. TRP can measure the Rx timing delay of receive chain 
2. The NG-RAN node reports the measured Rx timing delay of the TRPs to LMF via NRPPa.
3. LMF compensate the errors caused by Rx timing delay of TRPs when the location is determined based on the measurement results of UL RTOA
Thus, we have the following the proposal
[bookmark: _Hlk60832539]Proposal 5: For NR UL RTOA based positioning, Rel-17 can support the transfer of Rx timing delays of TRPs from NR-RAN node to LMF via NRPPa.
Similar to DL positioning, the combination of angle based and timing based positioning can mitigate the impact of timing delay on the positioning performance. 
[bookmark: _Hlk60832542]Proposal 6: For NR UL RTOA based positioning, Rel-17 can support the joint measurement and report of UL timing based and UL angle based positioning for the SRS resources for positioning. 
5. Multi-RTT Positioning Method
In multi-RTT positioning method, both UE and TRP measures the Rx/Tx time difference and report them to the LMF. The LMF combines the Rx/Tx time difference of both UE and TRP to calculate the RTT between UE and each TRP and then compute the location of UE. Ideally, the RTT between on TRP and the UE is:

where  and  are the Rx/Tx time difference at the UE and TRP, respectively.
However, with the Tx and Rx timing delay at both UE and TRP, the RTT calculated based on the reported Rx/Tx time difference of UE and TRP would become:

where Measured  =  + ,  =  +  
[bookmark: _Hlk60832548]Observation 5: The Rx and Tx timing delays of both TRPs and UE will cause additional errors for multi-RTT positioning
Simulation was conducted to evaluate the impact of Tx/Rx time delay on the performance of multi-RTT positioning. In the simulation, T ns time delay was added to each Tx and Rx chain of each TRP. The time delay T was uniformly distributed with upper bound being 1ns, 10ns, 25ns, 50ns and 60 ns.  The simulation results are illustrated in Figure 3, where we can observe:
· The Tx/Rx time delay at the TRP  and UE has critical impact on the performance of multi-RTT positioning.
· Submeter positioning accuracy cannot be achieved if the Tx time delay of TRP is >= 10ns.

[image: ]
Figure 3: Impact of Tx/Rx time delay on multi-RTT
We can observe that the Tx/Rx timing of UE (i.e., the item of  ) will only affect the accuracy of UE Rx – Tx time difference and The Tx/Rx timing of TRP (i.e., the item of ) will only affect the accuracy of gNB Rx – Tx time difference. Therefore, implementation method may be used by the UE and TRP to mitigate the negative impact of Tx/Rx timing delay on the performance of multi-RTT positioning. The timing delay in Tx chain and Rx chain can be measured and then the UE or TRP can compensate the value of Tx/Rx timing delay in measured Rx/Tx time difference that is reported to the LMF. The UE can report the value of Measured -  to the NW. The TRP can report the value of Measured - .  With these revised the Rx/Tx time difference, the RTT computed in the LMF is:

When the UE and gNB compensate them in the reported UE Rx/Tx time difference and reported TRP Rx/Tx time difference, the negative impact of Tx/Rx delay of UE and TRP can be totally removed in the final RTT calculation at the location server. 
Therefore, we make the following proposal to address the issue of multi-RTT:
[bookmark: _Hlk60832555]Proposal 7: To reduce the impact of Tx/Rx timing delay on multi-RTT positioning method:
· The UE may compensate the value of   in reported Rx/Tx time difference by implementation
· The TRP may compensate the value of  in reported Rx/Tx time difference by implementation.
In contrast to the network, the UE may suffer more challenges in measuring its Tx and Rx timing delay. One alternatives way to combat the negative impact of Tx/Rx timing delay on multi-RTT positioning is to combine timing based and angle based positioning methods to mitigate the Tx/Rx timing delay. Either DL and UL angle based measurement can be used. Since SRS for positioning is transmitted for TRP to measure TRP Rx-Tx time difference, TRP can measure UL AoA based on the same SRS resource as well to support joint processing at the location server. Thus, we have the following proposal:
[bookmark: _Hlk60832568]Proposal 8: For multi-RTT positioning, Rel-17 can support the joint measurement and report of multi-RTT based positioning and UL angle based positioning on the SRS resources for positioning. 
6. Conclusion
In this contribution, we presented our views on the impact of Tx/Rx timing delays on the DL, UL and DL/UL positioning and we also discussed the potential enhancements to address the issues. Based on the discussions, the following observations and proposal were made:
Observation 1: The Tx timing delays of TRPs will cause additional errors in DL RSTD measurement.
Observation 2: The Rx/Tx timing delay of UE will have no impact on the performance of DL RSTD measurement.
Observation 3: The Rx timing delays of TRPs will cause additional errors for NR UL RTOA based positioning.
Observation 4: The Rx/Tx timing delay of UE will have no impact on the performance of NR UL RTOA based positioning.
Observation 5: The Rx and Tx timing delays of both TRPs and UE will cause additional errors for multi-RTT positioning
Proposal 1: For DL TDOA positioning, Rel-17 can support the transfer of Tx timing delays of TRPs from NR-RAN node to LMF via NRPPa. 
Proposal 2: For UE-based DL-TDOA method, Rel-17 can support the signaling of the Tx timing delays of corresponding TRPs from LMF to UE via LPP.
Proposal 3: For DL TDOA positioning, Rel-17 can support the joint measurement of timing based and angle based positioning per DL PRS resource. 
Proposal 4: For UE-assisted DL TDOA positioning, Rel-17 can support the joint report of timing based and angle based positioning per DL PRS resource. 
Proposal 5: For NR UL RTOA based positioning, Rel-17 can support the transfer of Rx timing delays of TRPs from NR-RAN node to LMF via NRPPa.
Proposal 6: For NR UL RTOA based positioning, Rel-17 can support the joint measurement and report of UL timing based and UL angle based positioning for the SRS resources for positioning. 
Proposal 7: To reduce the impact of Tx/Rx timing delay on multi-RTT positioning method:
· The UE may compensate the value of   in reported Rx/Tx time difference by implementation
· The TRP may compensate the value of  in reported Rx/Tx time difference by implementation.
Proposal 8: For multi-RTT positioning, Rel-17 can support the joint measurement and report of multi-RTT based positioning and UL angle based positioning on the SRS resources for positioning. 
7. [bookmark: _GoBack]Reference
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