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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], focusing on RAN1-centric objectives. Then, it was updated to include more objectives in RAN1#91e [2].  
Mitigating of Rx/Tx timing delays is one of the key objectives. RAN1#104e had a extensive discussion on it and got some agreements as below [3]
	[bookmark: _Hlk30969040]Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.

Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI
Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.


There were also dozens of alternatives proposed for the gNB/UE Tx/Rx timing error mitigation.
In this contribution, we will continue to discuss the 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. Discussion on timing error group (TEG)
 In RAN1#104e meeting, a new concept of Timing Error Group (TEG) was introduced to discuss the potential solution for gNB/UE Tx/Rx timing error mitigation. Since many alternatives were based on the new concept, we need to ensure whether or not and how UE can determine a TEG.  Accordingly, there are two issues needed to be addressed:
· Issue 1: What’s the typical value of the certain margin?
· Issue 2: Whether/How can UE measure the timing error with sufficient accuracy? 
For Issue 1, if the margin is large, the introduction of a TEG will be not helpful from the perspective of positioning accuracy improvement. On the other hand, if the margin is too small, it is doubtable whether or not UE can measure the timing error with sufficient accuracy.  If these two issues are not addressed to ensure the fesibility, it is not convincing for us to agree any solution based on TEG. Thus, in order to facilitate further discussion and better progress in RAN1, we propose to send a LS to RAN4 and ask for the answers of the corresponding questions.
Proposal 1: RAN1 sends a LS to inform RAN4 the definition of UE Tx TEG, TRP Tx TEG, UE Rx TEG, TRP Rx TEG, UE RxTx TEG, TRP RxTx TEG, and to ask for the answers of the following questions:
· Q1: What’s the typical value of the certain margin for each definition? 
· Q2:  Whether or not can UE measure the timing error with sufficient accuracy?

4. TEG based method for DL Positioning
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.
In RAN1#104e, there were 10 options proposed for the timing error mitigation for DL TDOA:
	Conclusion:
Study the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 3: 
· Support a TRP to provide the Tx timing errors per Tx TEG to LMF
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 5: 
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option7:
· Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning
· Option 8: 
· Support a TRP to provide the Tx timing error differences between Tx TEGs of the TRP to LMF 
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
· Option10:
· Support a UE to provide Rx timing error differences between Rx TEGs to LMF for UE-assisted positioning
· FFS: details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.


We will discuss these options one by one:
· Option 1,2,5: As discussed in Section 3 and Proposal 1, RAN4 should be involved to ensure the feasibility of Option 1,2,5
· Option 3: If TRP can know the timing error, why doesn’t it calibrate the error before transmission? We don’t see the motivation for TRP to report the timing error, rather than self-adjustment.
· Option 4: If TRP reports its timing errors, we will have the similar comments as that for Option 3. If TRP reports doesn’t report its timing error, we doubt how LMF can get/calculate the Tx timing error of the TRP and the feasibility of this solution should be justified.
· Option 6: If UE report its timing error to LMF, why doesn’t UE calibrate the timing error for the DL TDOA? We don’t see the motivation for UE to report the timing error, rather than self-compensation. If UE doesn’t report its timing error, we doubt how LMF can get/calculate the Rx timing error of the UE and the feasibility of this solution should be justified.
· Option 7: If UE can know the timing error, why doesn’t UE calibrate the timing error for the DL TDOA? We don’t see the motivation for UE to report the timing error, rather than self-compensation.
· Option 8: similar comments as that for Option 3.
· Option 9: similar comments as that for Option 4.
· Option 10: similar comments as that for Option 7
Proposal 2: For the mitigation of gNB Tx and UE Rx timing error for DL TDOA
· Option3,4,6,7,8,9,10 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1,2,5
Option 1 and Option 2 can be used for UE-assisted DL-TDOA and UE-based DL TDOA. For UE-assisted DL-TDOA method, the possible procedures can be as below
1. The NG-RAN node reports the association information of DL PRS resources with Tx TEGs to LMF via NRPPa.  (Option 1)
2. LMF calculates the location based on reported DL RSTD results considering the associated Tx TEGs.  
For UE-based DL-TDOA method, the possible procedures can be as below 
1. The NG-RAN node reports the association information of DL PRS resources with Tx TEGs to LMF via NRPPa.  (Option 1)
2. LMF signals the association information of DL PRS resources with Tx TEGs to UE via LPP (Option 2)
3. UE calculates the location based on reported DL RSTD results considering the associated Tx TEGs. 
Option 5 can be used for UE-assisted DL-TDOA positioning. However, one simple approach is to reuse the existing signaling as much as simple, rather than introducing a new concept of TEG in the signaling. Accordingly, the possible procedures can be as below
1. The UE measures the corresponding PRS resources
2. The UE reports the association information of RSTD measurements with one or more reference TRP(s)
3. UE calculates the location based on reported DL RSTD results
Based on the discussion, we have the following proposals to summarize the new procedures/signaling:
[bookmark: _Hlk60832504]Proposal 3: If Option 1 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of DL PRS resources with Tx TEGs from NR-RAN node to LMF via NRPPa. 
[bookmark: _Hlk60832512]Proposal 4: If Option 1 and 2 are supported for UE-based DL-TDOA method, Rel-17 supports the signaling of the association information of DL PRS resources with Tx TEGs from LMF to UE via LPP.  
Proposal 5: If Option 5 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of RSTD measurements with one or more reference TRP(s) from UE to LMF via LPP
5. TEG based method 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 2: The Rx timing delays of TRPs will cause additional errors for NR UL RTOA based positioning.
In RAN1#104e, there were 4 options proposed for the timing error mitigation for UL TDOA:
	Conclusion:
Study the following option(s) for mitigating UE Tx and TRP Rx timing errors for UL TDOA:
· Option 1: 
· Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements
· Option 2: 
· Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· Option 3: 
· Support a UE to provide Tx timing errors per Tx TEG to LMF for UL TDOA positioning.
· Option 4: 
· Support a UE to provide Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning.
· FFS: the details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.
· 


We will discuss them one by one:
· Option 1,2: As discussed in Section 3 and Proposal 1, RAN4 should be involved to ensure the feasibility of Option 1,2
· Option 3: If UE can know the timing error, why doesn’t UE calibrate the timing error for the DL TDOA? We don’t see the motivation for UE to report the timing error, rather than self-compensation.
· Option 4: similar comments as that for Option 3.
Proposal 6: For the mitigation of UE Tx timing error for UL TDOA, 
· Option 3 and 4 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1 and 2
Option 1 may be a useful way to minimize the impact of Rx timing delay of TRP on NR UL RTOA based positioning. If Option 1 is supported, the possible procedures can be as 
1. The NG-RAN node reports the association information of RTOA measurements with Rx TEGs to LMF via NRPPa.  (Option 1)
2. LMF calculates the location based on reported UL RTOA results considering the associated Rx TEGs. 
Thus, we have the following the proposal
[bookmark: _Hlk60832539]Proposal 7: If Option 1 is supported for NR UL RTOA based positioning, Rel-17 supports the transfer of the association information of RTOA measurements with Rx TEGs from NR-RAN node to LMF via NRPPa.
[bookmark: _Hlk60832542] 
6. TEG based method 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 3: The Rx and Tx timing delays of both TRPs and UE will cause additional errors for multi-RTT positioning
[bookmark: _Hlk60832568]In RAN1#104e, there were 7 options proposed for mitigating UE Rx/Tx timing errors in DL+UL positioning:
	Study the following options for mitigating UE Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF
· Option 2:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· FFS: the definition of UE RxTxTEG. It includes both UE Rx timing and Tx timing errors.
· Option 5:
· Support UE to provide the association information of DL-RSTD measurements with UE RxTx TEGs in a measurement report to LMF for simultaneous DL-TDOA and UL-TDOA configuration for positioning
· Option 6: 
· Support UE to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 7: 
· Support UE to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signaling, procedures and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.


We will discuss them one by one:
· Option 1,2,3,4,5: As discussed in Section 3 and Proposal 1, RAN4 should be involved to ensure the feasibility of Option 1, 2, 3, 4 and 5.
· Option 6: If UE can know the timing error, why doesn’t UE calibrate the timing error? We don’t see the motivation for UE to report the timing error, rather than self-compensation.
· Option 7: If UE can know the timing error, why doesn’t UE calibrate the timing error? We don’t see the motivation for UE to report the timing error, rather than self-compensation.
Proposal 8: For mitigating UE Rx/Tx timing errors in DL+UL positioning
· Option 6, 7 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3, 4 and 5

 In RAN1#104e, there were 6 options proposed for mitigating gNB Rx/Tx timing errors in DL+UL positioning:
	Conclusion:
Study the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· Option 5: 
· Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signalling and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.


For Option 5/6, if TRP can know the timing error, why doesn’t TRP calibrate the timing error? We don’t see the motivation for TRP to report the timing error, rather than self-compensation.
Proposal 9: For mitigating gNB Rx/Tx timing errors in DL+UL positioning, 
· Option 5 and 6 are not considered further
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3 and 4
7. Multiple results for a report
In RAN1#104e meeting, it was also agreed to report one or more measurement instances in a single measurement report to LMF. 
From UE perspective, the current LPP signaling has supported multiple measurement results in a report. For example, a UE can report up to 4 results for NR Multi-RTT measurements and NR DL-TDOA measurements. The corresponding signaling is copied as below
	NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16						OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-UE-RxTxTimeDiff-r16			CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-Multi-RTT-AdditionalMeasurements-r16
									NR-Multi-RTT-AdditionalMeasurements-r16			OPTIONAL,
	...
}

NR-Multi-RTT-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
									NR-Multi-RTT-AdditionalMeasurementElement-r16

	NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...
}

NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
												NR-DL-TDOA-AdditionalMeasurementElement-r16


Therefore, the current signaling can support this feature with an exception that more than 4 results may be needed.   
Proposal 10: The current LPP signaling can support the feature that UE reports one or more measurement instances in a single measurement report to LMF, with potential extension to support a larger number than 4.
From network perspective, the current NRPPa signaling has supported multiple measurement results in a report. For example, a UE can report up to 16384 results for NR Multi-RTT measurements and NR UL RTOA measurements. The corresponding signaling is copied as below
	[bookmark: _Toc51776055][bookmark: _Toc56773077][bookmark: _Toc56773287]9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.





Therefore, the current NRPPa signaling can support  reporting of multiple measurement instances. For the same type of measurement instances, the current mechanism seems sufficient. However, for the different types of measurement instances, there should be some association between them. For example, the TROA and AoA results are measured on the same SRS resource(s).  
Observation 4: The current NRPPa signaling can support the feature that UE reports one or more measurement instances in a single measurement report to LMF
Proposal 11: No enhancement is needed for the current NRPPa signaling to support the feature that TRP reports one or more measurement instances with the same quantity in a single measurement report to LMF.
Proposal 12:  Enhancement on the association of measurement instances should be introduced to support the feature that TRP reports one or more measurement instances with different quantities in a single measurement report to LMF.
8. [bookmark: _GoBack]Reference device based solution
There was another study on the mitigation of Tx/Rx timing delays based on the reference device with known location. To be specific, two different approaches can be considered for this reference device based solution:
Approach 1:
1.1	determine the real location of the UE (non-3GPP)
1.2	transit the real location information to UE (non-3GPP)
1.3	UE does measurements (3GPP)
1.4	NW requests the reporting (3GPP) 
1.5	 UE sends measurement results and its real location information to LMF (3GPP)
1.6	LMF do the calculation (based on NW implementation, transparent to the spec)
Approach 2:
2.1	determine the real location of the UE (non-3GPP)
2.2	transit the real location information to LMF (non-3GPP)
2.3	 UE does measurements (3GPP)
2.4	NW requests the reporting (3GPP)
2.5	 UE sends reporting to LMF (3GPP)
2.6	LMF do the calculation (based on NW implementation, transparent to the spec)
The differences between the two approaches are as below
1. The real location information is transmitted to UE and LMF in Component 1.2 and 2.2, respectively. They are both based on non-3GPP technology. 
2. Component 1.5 needs additional standardization efforts as UE needs to report the real positioning info (i.e., known location) to LMF whereas Step 2.5 can reuse the current spec.
Based on the above discussion, we have the following observation:
Observation 5: Approach 1 and Approach 2 can achieve the same functionality, but Approach 2 has no or less impact.
Proposal 13: Implementation based approach (Approach 2) is supported for the positioning based on reference device(s) with known location.

9. 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 timing delays of TRPs will cause additional errors for NR UL RTOA based positioning.
Observation 3: The Rx and Tx timing delays of both TRPs and UE will cause additional errors for multi-RTT positioning
Observation 4: The current NRPPa signaling can support the feature that UE reports one or more measurement instances in a single measurement report to LMF
Observation 5: Approach 1 and Approach 2 can achieve the same functionality, but Approach 2 has no or less impact.

Proposal 1: RAN1 sends a LS to inform RAN4 the definition of UE Tx TEG, TRP Tx TEG, UE Rx TEG, TRP Rx TEG, UE RxTx TEG, TRP RxTx TEG, and to ask for the answers of the following questions:
· Q1: What’s the typical value of the certain margin for each definition? 
· Q2:  Whether or not can UE measure the timing error with sufficient accuracy?
 Proposal 2: For the mitigation of gNB Tx and UE Rx timing error for DL TDOA
· Option3,4,6,7,8,9,10 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1,2,5
Proposal 3: If Option 1 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of DL PRS resources with Tx TEGs from NR-RAN node to LMF via NRPPa. 
Proposal 4: If Option 1 and 2 are supported for UE-based DL-TDOA method, Rel-17 supports the signaling of the association information of DL PRS resources with Tx TEGs from LMF to UE via LPP.  
Proposal 5: If Option 5 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of RSTD measurements with one or more reference TRP(s) from UE to LMF via LPP
Proposal 6: For the mitigation of UE Tx timing error for UL TDOA, 
· Option 3 and 4 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1 and 2
Proposal 7: If Option 1 is supported for NR UL RTOA based positioning, Rel-17 supports the transfer of the association information of RTOA measurements with Rx TEGs from NR-RAN node to LMF via NRPPa.
Proposal 8: For mitigating UE Rx/Tx timing errors in DL+UL positioning
· Option 6, 7 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3, 4 and 5
Proposal 9: For mitigating gNB Rx/Tx timing errors in DL+UL positioning, 
· Option 5 and 6 are not considered further
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3 and 4
Proposal 10: The current LPP signaling can support the feature that UE reports one or more measurement instances in a single measurement report to LMF, with potential extension to support a larger number than 4.
Proposal 11: No enhancement is needed for the current NRPPa signaling to support the feature that TRP reports one or more measurement instances with the same quantity in a single measurement report to LMF.
Proposal 12:  Enhancement on the association of measurement instances should be introduced to support the feature that TRP reports one or more measurement instances with different quantities in a single measurement report to LMF.
Proposal 13: Implementation based approach (Approach 2) is supported for the positioning based on reference device(s) with known location.
10. Reference
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