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Introduction
In 3GPP RAN1#103e meeting, many potential NR positioning enhancements have been captured in TR 38.857 [1], mainly including multipath mitigation techniques, aggregation of DL or UL PRS resources, enhancements for UE Rx/Tx and gNB Rx/Tx timing delays, enhancements for angle based methods, enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation. 
After intensive discussion in RAN#90e meeting, some of them are agreed in the new WID [2] as follows:
[bookmark: _Hlk57059510]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
· 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 provide our views on the first bullet, i.e. enhancements for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
Discussion on Rx/Tx timing delays
The Rx/Tx timing delay between baseband and antenna may be always embedded in the timing measurement, since the time point is recorded at baseband while the time duration to be measured for positioning, i.e., propagation time, is cut off at the antenna side both in TRPs and UE. This section provides solutions to measure or cancel the Rx/Tx timing delays under different timing based positioning methods.
Multi-RTT
[image: RTT]
Figure 2.1-1 Multi-RTT for TRP1 and UE

Figure 2.1-1 shows the Multi-RTT procedure between a single TRP, namely TRP1, and the UE. T1~T4 are the known time point measured at baseband side both in TRPi and UE.  exists as the unknown Rx/Tx timing delay at TRP1 and UE side. The red line indicates the real propagation time in the air between the antenna side of TRPi and UE. The round trip time is:

                           (1)
The equation (1) can be rewritten as:

                        (2)



Wherein the third item is the summation of Rx and Tx timing delays of the TRPi, and the forth item  is the summation of Rx and Tx timing delays of the UE. It can be observed from equation (2) that the measurement results at baseband side  is no longer equal to the real round trip time because of the perturbation of the third and forth items, which should be measured or canceled to increase the measurement accuracy. In some products, self-calibration is a solution to measure the Rx-Tx timing delay of TRPs and UE. One typical way of self-calibration is that, the summation of Rx and Tx timing delays of a RF chain can be indirectly measured by sending signals to each other in turn through multiple antennas in the same TRP or the same UE. When self-calibration is performed, the last 2 items in equation (2) which perturbs the measurement results can be certain constants. Therefore, if both TRPs and UE have the capability of self-calibration, timing measurement accuracy can be improved for Multi-RTT scheme. However, the self-calibration for positioning seems to be RAN4’s work in which the corresponding requirements may be defined. It is unclear whether/how it may impact RAN1 specification. In our view, after self-calibration, the Rx-Tx timing delay of gNB or UE will be mitigated by implementation, there is no need to report the Rx-Tx timing delay to LMF.
Observation 1: For Multi-RTT scheme, the summation of Rx and Tx timing delays of TRP and the summation of Rx and Tx timing delays of the UE can be measured by self-calibration. 
Proposal 1: Send a LS to RAN4 to check that if it’s feasible the Rx and Tx timing delays can be calibrated and compensated at both UE and TRP side.
DL-TDOA/UL-TDOA
Mutual-calibration
Mutual-calibration is an implementation method for measuring transmission or reception timing delay differences between several TRPs. If the timing delay relationship can be acquired, the timing delays of other TRPs can be aligned with the reference TRP in order to cancel them in DL-TDOA or UL-TDOA positioning methods.
[image: mutual-calibration]
Figure 2.2-1 mutual-calibration for 2 TRPs
As depicted in Figure 2.2-1, taking 2 TRPs for example, the mutual-calibration procedure is as follows:
1. 
Measure the signal propagation time t1 by doing self-transmission and self-reception of TRP1, ;
2. 
Measure the signal propagation time t2 between TRP1 and TRP2, , wherein Th is the signal propagation time in the air;
3. 
Measure the signal propagation time t3 by doing self-transmission and self-reception of TRP2, ;
4. 
Measure the signal propagation time t4 between TRP2 and TRP1, , wherein Th is the signal propagation time in the air;
5. 

According to the former 4 steps, it can be calculated that  and.
It can be seen that the timing delay differences are calculated in step 5. Furthermore, if TRP1 is the reference TRP, then the TRP2 can set the transmission timing delays to align with timing delays of TRP1, which helps to cancel the timing delay embedded in DL/UL-TDOA positioning methods.
DL-TDOA
[image: DLTDOA]
Figure 2.2-2 DL-TDOA for 2 TRPs and UE

[bookmark: OLE_LINK1]The DL-TDOA method with the timing delay Δ is explained in Figure 2.2-2. T1~T3 are the known time point measured at baseband side both in TRP1 and UE whileexists as the unknown Rx/Tx timing delay at TRP1 and UE side like in Multi-RTT. Assuming that TRP1 and TRP2 are in perfect synchronization, the reference signal time difference between TRP1 and TRP2 is:

                (3)
Equation (3) can be rewritten as:

            (4)


[bookmark: OLE_LINK2]Wherein the third item indicates the transmission timing delay difference between TRPs, and the forth itemindicates the reception timing delay difference when the UE receives PRS from different TRPs. As mentioned above, if TRPs can do the mutual-calibration, TRPs can either pre-compensate the timing delay by sending PRS a little bit earlier or later to align with the reference TRP or feed back the Tx timing delay difference (i.e. the third item) to LMF. Furthermore, the forth item can be negligible to 0 if UE uses the same RF chain to receive PRS from these different TRPs.
UL-TDOA
[image: ULTDOA]
Figure 2.2-3 UL-TDOA for 2 TRPs and UE

The UL-TDOA method with the timing delay Δ is explained in Figure 2.2-3. T1~T3 are the known time point measured at baseband side both in TRP1 and UE whileexists as the unknown Rx/Tx timing delay at TRP1 and UE side. The reference signal time difference between TRP1 and TRP2 is:

        (5)
Equation (5) can be rewritten as:

      (6)


[bookmark: OLE_LINK3]Wherein the third item indicates the reception timing delay difference between TRPs, and the forth itemindicates the transmission timing delay difference when the UE sends SRS to different TRPs. As mentioned before, if TRPs can do the mutual-calibration, TRPs can either pre-compensate the timing delay by adjusting estimated RTOA value or feed back the Rx timing delay difference (i.e. the third item) to LMF. Furthermore, the forth item can be negligible to 0 if UE uses the same RF chain to transmit SRS to these different TRPs.
From RAN1 specification perspective, the following issues can be considered in normative work for both DL-TDOA and UL-TDOA:
· The TRP should have the capability to do mutual-calibration and feed back the Tx timing delay difference and Rx timing delay difference.
· For UE based positioning, network should provide Tx timing delay difference in assistance data.
· Provide by network or report by UE to indicate whether UE uses the same RF chain to transmit or receive signals for different TRPs.


Observation 2: For DL-TDOA or UL-TDOA, the Tx timing delay difference or the Rx timing delay difference between different TRPs can be mitigated by mutual-calibration. 


Observation 3: For DL-TDOA or UL-TDOA, the Tx timing delay difference and the Rx timing delay difference  at the UE side can be canceled if the UE uses the same RF chain to transmit or receive signals for different TRPs.
Based on the above analysis and observations, we have the following proposal:
Proposal 2: In order to mitigate the Tx/Rx timing delay for DL-TDOA/UL-TDOA positioning method, considering the following enhancements in Rel-17,
· The TRP should have capability to do mutual-calibration and feed back the Tx timing delay difference and Rx timing delay difference.
· For UE based positioning, network should provide TRP-side Tx timing delay difference in assistance data.
· Provide by network or report by UE to indicate whether UE uses the same RF chain to transmit or receive signals from different TRPs.
Conclusions
In this contribution, we discuss positioning accuracy improvement by mitigating timing delay. Based on the discussion, we have the following observations and proposals.
Observation 1: For Multi-RTT scheme, the summation of Rx and Tx timing delays of TRP and the summation of Rx and Tx timing delays of the UE can be measured by self-calibration. 


Observation 2: For DL-TDOA or UL-TDOA, the Tx timing delay difference or the Rx timing delay difference between different TRPs can be mitigated by mutual-calibration. 


Observation 3: For DL-TDOA or UL-TDOA, the Tx timing delay difference and the Rx timing delay difference  at the UE side can be canceled if the UE uses the same RF chain to transmit or receive signals for different TRPs.
Proposal 1: Send a LS to RAN4 to check that if it’s feasible the Rx and Tx timing delays can be calibrated and compensated at both UE and TRP side.
Proposal 2: In order to mitigate the Tx/Rx timing delay for DL-TDOA/UL-TDOA positioning method, considering the following enhancements in Rel-17,
· The TRP should have capability to do mutual-calibration and feed back the Tx timing delay difference and Rx timing delay difference.
· [bookmark: _GoBack]For UE based positioning, network should provide TRP-side Tx timing delay difference in assistance data.
· Provide by network or report by UE to indicate whether UE uses the same RF chain to transmit or receive signals from different TRPs.
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