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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The approved work item (RP-202900) has 2 objectives in RAN1,

	[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.
 
Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
[bookmark: _Hlk57059470]The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping. 



In this contribution, the solutions for mitigating the impact of RX/TX timing delay are analysed and proposed.

2 RX/TX timing delay mitigation
There is no clear definition on the RX/TX timing delay during study item. Generally speaking, the RX/TX timing delay consists of several sources. For UE reception, the sources of the delay come from 
1. the time delay from antenna elements (RF) to the first stage of baseband (ADC), which is the analog domain delay. The (group) delay is through the RF filters, such as the RLC filters, or active components. Furthermore, the delay may be related to the frequency band because the RF components may be frequency dependent, and also temperature dependent
2. the time delay on digital front end (DFE) processing after ADC, which is the digital domain delay before that the receiver is able to detect the timing based on digital samples and tag the time stamp. This is mainly caused due to the digital filters for decimation and for sampling rate conversion. Therefore, the delay is mainly related to the bandwidth for processing, and is independent of the frequency band and the temperature

Basically, the digital domain delay can be derived more precisely than the analog domain delay, at least at UE side. It means, the time stamp for UE to receive and to determine the first path timing can be corrected autonomously so as to move earlier to the ADC output as signal arrival time, as shown in Fig. 2-1.

Let’s use the following notations to illustrate the impact of the RX/TX timing delays to the measurement methods for different positioning techniques,
· tof_i : time of flight (propagation delay) between TRP #i and UE
· ΔtTX_dig_tpi : transmission delay at digital domain at TRP #i
· ΔtTX_ana_tpi : transmission delay at analog domain at TRP #i
· ΔtTX_tpi =ΔtTX_dig_tpi +ΔtTX_ana_tpi 
· ΔtRX_dig_tpi : receiving delay at digital domain at TRP #i
· ΔtRX_ana_tpi : receiving delay at analog domain at TRP #i
· ΔtRX_tpi =ΔtRX_dig_tpi +ΔtRX_ana_tpi
· ΔtRX_dig_ue_i : receiving delay at digital domain at UE for receiving from TRP #i
· ΔtRX_ana_ue_i : receiving delay at analog domain at UE for receiving from TRP #i
· ΔtRX_ue_i =ΔtRX_dig_ue_i +ΔtRX_ana_ue_i  
· ΔtTX_dig_ue_i : transmission delay at digital domain at UE for transmitting to TRP #i
· ΔtTX_dig_ue : transmission delay at digital domain at UE for transmitting to all TRPs
· ΔtTX_ana_ue_i : transmission delay at analog domain at UE for transmitting to TRP #i
· ΔtTX_ana_ue : transmission delay at analog domain at UE for transmitting to all TRPs
· ΔtTX_ue_i =ΔtTX_dig_ue_i +ΔtTX_ana_ue_i
· ΔtTX_ue =ΔtTX_dig_ue +ΔtTX_ana_ue

TABLE 1 shows the impact. It can be observed that,
· All the listed measurements contain the timing delays from gNB side
· The TOF measurements by M-RTT technique contain the RX and TX timing delays from both gNB and UE side
· The DL-RSTD measurements by DL-TDOA technique may further contain the differential of the analog domain delays at UE receiving side, when the respective TOF measurement lies in different frequency layer ( band )

The mitigation of RX/TX timing delays could be achieved by
· Conduct the calibration to derive the analog domain delays at both the gNB and UE side. The measured delays may be compensated autonomously, or may be reported to the location server
· Adopt the positioning measurement methods which may cancel the delay, for example the (single) differential measurements such as DL-RSTD measurements for DL-TDOA technique, UL-RSTD measurements (differential of the UL-RTOA measurements) for UL-TDOA technique, and the combination of DL-RSTD measurements and the UL-RSTD measurements

The calibration for process part could be done one time in the factory. The delay and its temperature dependency may also be analyzed in the lab first in order to decide whether the on-the-fly calibration is needed or not. Therefore, the on-demand UE specific calibration gap for the on-the-fly calibration could be considered.

Back to TABLE 1, the calibrated timing delays may be reported to the location server, or may be compensated autonomously in order to improve the accuracy of measurements. We observe that, 
· for DL-RSTD measurements for DL-TDOA technique, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration. The location server may further provide the reported TX timing delays of gNBs to UE for UE based mode
· for UL-RTOA measurements for UL-TDOA technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server
· for UE RX-TX time difference measurements for M-RTT technique, UE may autonomously correct the RX timing delays before reporting the measurements to the location server. Meanwhile, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration
· for gNB RX-TX time difference measurements for M-RTT technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server. Meanwhile UE may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration

M-RTT is the solution to avoid synchronization error between TRPs. However, M-RTT also induces TX and RX timing delays from both UE and gNB side to the measurements. Another solution is to consider DL-TDOA+UL-TDOA, which is able to handle synchronization error and to reduce the impact of timing delays. The further exploration on DL-TDOA+UL-TDOA can be seen in our companion paper R1-2101142.

Based on the above, we have the following observations and proposals, 

Observation 2-1: The sources of timing delay consist of analog domain and digital domain

Observation 2-2: For UE reception, the analog domain delay is from antenna elements to the input of ADC. The corresponding (group) delay would be frequency dependent

Observation 2-3: For UE reception, the digital domain delay lies in the digital front end (DFE) after ADC. The corresponding delay may be frequency independent and bandwidth dependent

Observation 2-4: The digital domain delay can be derived more precisely than the analog domain delay, at least at UE side

Observation 2-5: The process calibration for analog domain delay maybe done one time in the factory. The delay and its temperature dependency may also be analyzed in the lab first in order to decide whether the on-the-fly calibration is needed or not

Observation 2-6: The positioning technique using differential measurements in Rel-16, such as DL-TDOA only, UL-TDOA only, or DL-TDOA+UL-TDOA, may avoid the need of calibrating the delay at UE side

Observation 2-7: All the listed measurements (DL-RSTD, UL-RTOA, UE RX-TX time difference, gNB RX-TX time difference) contain the timing delays from gNB side

Observation 2-8: The TOF measurements by M-RTT technique contain the RX and TX timing delays from both gNB and UE side

Observation 2-9: The DL-RSTD measurements by DL-TDOA technique may further contain the differential of the analog domain delays at UE receiving side, when the respective TOF measurement lies in different frequency layer ( band ). It is because analog domain delays may be frequency dependent

Proposal 2-1: The mitigation of RX/TX timing delays could be achieved by 1), conduct the calibration to derive the analog domain delay 2), adopt the positioning methods using differential measurements 

Proposal 2-2: The on-demand UE specific calibration gap for the on-the-fly calibration could be considered

Proposal 2-3: Consider the combination of measurements for DL-TDOA and UL-TDOA, which is able to handle the synchronization error and to reduce the impact of timing delays

Proposal 2-4: For DL-RSTD measurements for DL-TDOA technique, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration. The location server may further provide the reported TX timing delays of gNBs to UE for UE based mode

Proposal 2-5: For UL-RTOA measurements for UL-TDOA technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server. The timing delay reporting may not be needed

Proposal 2-6: For UE RX-TX time difference measurements for M-RTT technique, UE may autonomously correct the RX timing delays before reporting the measurements to the location server. Meanwhile, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration 

Proposal 2-7: For gNB RX-TX time difference measurements for M-RTT technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server. Meanwhile UE may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration
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Fig. 2-1,
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Fig. 2-2, downlink timing delay                            Fig. 2-3, uplink timing delay


	measurements
	RX/TX timing delay impact

	DL-RSTD measurement for  DL-TDOA
	· same measurement bandwidth and same frequency layer for a pair of TRPs: 
DL-RSTD = tof_1 – tof_2 +ΔtTX_tp1 –ΔtTX_tp2
· same measurement bandwidth and different frequency layer (band) for a pair of TRPs: 
DL-RSTD = tof_1 – tof_2 +ΔtTX_tp1 –ΔtTX_tp2 +ΔtRX_ana_ue_1 –ΔtRX_ana_ue_2

	UL-RTOA  measurements to form UL-RSTD for UL-TDOA
	· same measurement bandwidth and same frequency layer for a pair of TRPs: 
UL-RTOA1  = tof_1 +ΔtRX_tp1 – 
UL-RTOA2 = tof_2 +ΔtRX_tp2 – 
· UL-RTOA1 – UL-RTOA2 = UL-RSTD = tof_1 – tof_2 +ΔtRX_tp1 –ΔtRX_tp2

	UE RX-TX time difference + gNB RX-TX time difference for M-RTT
	· For each TRP: TOF between UE and TRPi:
UE RX-TX time difference: TA +ΔtTX_tpi + tof_i +ΔtRX_ue_i – mu
gNB RX-TX time difference: -TA +ΔtTX_ue_i + tof_i +ΔtRX_tp1 + mu
TOF = tof_i + 0.5*(ΔtTX_tpi +ΔtRX_ue_i +ΔtRX_tpi +ΔtTX_ue_i )

	Average of DL-RSTD measurement and UL-RSTD measurement for 
DL-TDOA+ UL-TDOA
	· same measurement bandwidth and same frequency layer for a pair of TRPs: 
average of DL-RSTD and UL-RSTD = 
tof_1 – tof_2 + 0.5*(ΔtTX_tp1 – tTX_tp2 +ΔtRX_tp1 –ΔtRX_tp2)


TABLE 1,
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Fig. 2-4, impact of RX/TX timing delays under DL-RSTD measurements for DL-TDOA (assume no synchronization error between TRPs)
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Fig. 2-5, impact of RX/TX timing delays under UL-RTOA measurements for UL-TDOA (assume no synchronization error between TRPs)
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Fig. 2-6, impact of RX/TX timing delays under UE RX-TX time difference and gNB RX-TX time difference measurements for M-RTT


[bookmark: _GoBack]3 Conclusion
Observation 2-1: The sources of timing delay consist of analog domain and digital domain

Observation 2-2: For UE reception, the analog domain delay is from antenna elements to the input of ADC. The corresponding (group) delay would be frequency dependent

Observation 2-3: For UE reception, the digital domain delay lies in the digital front end (DFE) after ADC. The corresponding delay may be frequency independent and bandwidth dependent

Observation 2-4: The digital domain delay can be derived more precisely than the analog domain delay, at least at UE side

Observation 2-5: The process calibration for analog domain delay maybe done one time in the factory. The delay and its temperature dependency may also be analyzed in the lab first in order to decide whether the on-the-fly calibration is needed or not

Observation 2-6: The positioning technique using differential measurements in Rel-16, such as DL-TDOA only, UL-TDOA only, or DL-TDOA+UL-TDOA, may avoid the need of calibrating the delay at UE side

Observation 2-7: All the listed measurements (DL-RSTD, UL-RTOA, UE RX-TX time difference, gNB RX-TX time difference) contain the timing delays from gNB side

Observation 2-8: The TOF measurements by M-RTT technique contain the RX and TX timing delays from both gNB and UE side

Observation 2-9: The DL-RSTD measurements by DL-TDOA technique may further contain the differential of the analog domain delays at UE receiving side, when the respective TOF measurement lies in different frequency layer ( band ). It is because analog domain delays may be frequency dependent

Proposal 2-1: The mitigation of RX/TX timing delays could be achieved by 1), conduct the calibration to derive the analog domain delay 2), adopt the positioning methods using differential measurements 

Proposal 2-2: The on-demand UE specific calibration gap for the on-the-fly calibration could be considered

Proposal 2-3: Consider the combination of measurements for DL-TDOA and UL-TDOA, which is able to handle the synchronization error and to reduce the impact of timing delays

Proposal 2-4: For DL-RSTD measurements for DL-TDOA technique, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration. The location server may further provide the reported TX timing delays of gNBs to UE for UE based mode

Proposal 2-5: For UL-RTOA measurements for UL-TDOA technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server. The timing delay reporting may not be needed

Proposal 2-6: For UE RX-TX time difference measurements for M-RTT technique, UE may autonomously correct the RX timing delays before reporting the measurements to the location server. Meanwhile, gNB may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration 

Proposal 2-7: For gNB RX-TX time difference measurements for M-RTT technique, gNB may autonomously correct the calibrated RX timing delays before reporting the measurements to the location server. Meanwhile UE may report the calibrated TX timing delays to the location server, together with the time stamp of making calibration
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