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In RAN1#104b-e meeting [1], some issues for Rx/Tx timing error mitigating were discussed and some agreements and conclusions were achieved. In this contribution, we present our views on potential enhancements for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
‘Inter-TRP timing error’ clarification
In RAN1 meeting #104e, it was concluded that the Rx timing error and Tx timing error are internal timing errors. However, when we calculate RSTD from different gNBs/TRPs, the ‘inter-TRP timing error’ is generated, which may be simply defined as the difference of the gNB/TRP Tx/Rx timing errors between TRPs. We would like to get clarification whether ‘inter-TRP timing error’ mitigation will be handled in the scope of Rx/Tx timing error mitigation or it can be regarded as part of ‘synchronization error’ between TRPs, which is not within the scope of the WI.
Proposal 1: 
· The issues of ‘inter-TRP timing error’ in DL-TDOA/UL-TDOA method should be clarified.
· e.g., whether to regard ‘inter-TRP timing error’ as synchronization error beween TRPs.
Rx/Tx timing delay mitigating for positioning methods
[bookmark: Pro2]Rx/Tx timing delay mitigating for DL-TDOA method
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements



In DL-TDOA method, RSTD measurement is easily affected by UE Rx timing error. For example, when calculating RSTD, PRS Resource A is associated with Rx TEG 0, but ‘the reference PRS resource’ is associated with RX TEG1, this will introduce additional ‘Rx timing error difference’ cause by Rx TEG0 and Rx TEG1 in RSTD measurement results. In general, the UE can provide the association information of RSTD measurements with UE Rx TEG(s) to LMF in RSTD measurements report, which helps the LMF further exclude some of the measurement results containing additional ‘Rx timing error difference’ for higher accuracy. 
However, in some cases, there is no need for UEs to report the association information of RSTD measurements with UE Rx TEG(s). For UEs that only support 1 Rx TEG, ‘Rx timing error difference’ natural does not exist. For scenarios with not very high positioning accuracy requirement, the ‘ns-level timing error’ does not have too much impact on the positioning service. In other words, whether the UE should provide Rx TEG information and how to provide Rx TEG information is related to the positioning accuracy requirement. For example, when the positioning accuracy requirements are not tight, the UE may not provide Rx TEG information or only need to divide the Rx timing errors into a few rough Rx TEGs; when the positioning accuracy requirements are high, the UE can be requested to provide Rx TEG information and needs to divide the Rx timing error into more precise Rx TEGs. Therefore, we propose
Proposal 2: 
· The UE can be requested to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF.
Moreover, even if the LMF can obtain the association information between RSTD measurements and Rx TEGs, it is also difficult to mitigate the impact of UE Rx timing error without the estimation of ‘Rx timing error difference’.  However, when measuring PRS(s) from a TRP, different UE Rx TEGs are associated, it is possible to estimate ‘Rx timing error difference’. In this case, ‘Rx timing error difference’ between different Rx TEGs will result in mainly differences between ToA measurements. For example, for a UE measuring PRS(s) from a TRP with 2 Rx panels (or 2 Rx TEGs), e.g. a PRS resource from a TRP associated with with 2 Rx panels (or 2 Rx TEGs) or 2 PRS resources from a TRP associated with with 2 Rx panels (or 2 Rx TEGs) respectively, the difference between ToA measurements from each Rx panel (or Rx TEG) can be simply written as:
ToA_difference=(t1+e1)-(t2+e2)=(t1-t2)+(e1-e2)
where t1, t2 are propagation delays between Rx panels and the TRP respectively, and e1, e2 are Rx timing errors for 2 Rx panels respectively. The ToA_difference can be divided to 2 parts, the first part is (t1-t2) which represents the difference in propagation delay, and the second part is (e1-e2) which represents the  ‘Rx timing error difference’. Moreover, since the propagation distance difference of (t1-t2) shall be less than the distance between the 2 Rx panels, when the distance between the 2 Rx panels is assumed as 10 cm, the value of (t1-t2) can be considered less than 0.33 ns, which is almost negligible compared to ‘Rx timing error difference’ (e1-e2). Therefore, we can treat ‘ToA_difference’ as (e1-e2) approximately, that is, the difference between ToA measurements associated with different Rx TEGs can be regarded as ‘Rx timing error difference’. The related evaluation results are shown below.
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Figure1 The performance of ‘Rx timing error differences’ estimation in SH scenario
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Figure2 The performance of ‘Rx timing error differences’ estimation in DH scenario
Figure 1 shows the performance of ‘Rx timing error differences’ estimation in SH scenario. In the left figure, it is observed that the ‘estimated Rx timing error differences’ by calculating ‘ToA_difference’ according to a UE measuring PRS(s) from a TRP with 2 Rx panels (or 2 Rx TEGs) are very close to the real Rx timing error differences. Since in SH scenario, the probability of both Rx panels (or 2 Rx TEGs) being in LOS is high, so the estimation of ‘Rx timing error differences’ is more accurate. In the right figure, we compare the performance for the cases of ‘Rx timing error elimination by timing error estimation’, ‘Rx timing error elimination by extracting measurements from same TEG’ and ‘no Rx timing error elimination’. For the case of ‘Rx timing error elimination by timing error estimation’, the UE location is derived after compensating for the ‘estimated Rx timing error differences’. For the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’, we first extracted the RSTD measurement results associated with the same Rx panel (or Rx TEG), then calculated the UE position based on these measurement results. While for the case of ‘no Rx timing error elimination’, we assume that the LMF does not know any Rx TEG information of RSTD measurements and still calculates the UE position in a conventional manner. It can be seen that after compensating for the ‘estimated Rx timing error differences’, the accuracy is largely improved compared with the case of ‘no Rx timing error elimination’, for example: from 3.2m@90% to 0.3m@90%; however, compared with the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’, the accuracy improvement is relatively small, e.g., from 1.9m@90% to 0.3m@90%. This is because in SH scenario, LOS path is relatively abundant, even if we use the measurements from only one Rx panel (or Rx TEG), the accuracy will not be reduced too much.
Figure 2 shows the performance of ‘Rx timing error differences’ estimation in DH scenario. In the left figure, it is observed that the ‘estimated Rx timing error differences’ by calculating ‘ToA_difference’ according to a UE measuring PRS(s) from a TRP with 2 Rx panels (or 2 Rx TEGs) are close to the real Rx timing error differences, but compared with the SH scenario, the error difference estimation accuracy is reduced. This is because in DH scenario, the probability of both two Rx panels (or 2 Rx TEGs) being in LOS is smaller than in the SH scenario. In addition, in the right figure, it is observed that after compensating for the ‘estimated Rx timing error differences’, the accuracy is greatly improved compared with the case of ‘no Rx timing error elimination’, for example: from 30m@90% to 3m@90%; furthermore, compared with the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’, the accuracy is also significantly improved, e.g. from 13m@90% to 3m@90%. The reason is that in the DH scenario, the probability of LOS is lower. For the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’, if we use the measurements from only one Rx panel (or Rx TEG) to calculate the UE position, the number of LOS paths cannot be guaranteed, so the accuracy is greatly reduced. 
Observation 1: 
· When the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, the difference between ToA measurements associated with different UE Rx TEGs can be regarded as ‘Rx timing error difference’, which can be used for mitigating UE Rx timing errors in DL-TDOA method.
Observation 2: 
· After compensating for the ‘estimated Rx timing error differences’, the accuracy is improved, compared with the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’ in which only using the measurements associated with only one Rx TEG to calculate the UE position.
· The accuracy is improved in both SH and DH scenarios, especially in the DH scenario, the accuracy improvement is large.
We think there are 2 alternatives for a UE to measure PRS(s) from a TRP associated with different UE Rx TEGs.
· Alt1: The UE can measure one PRS resource associated with different Rx TEGs from the TRP. For example, the UE can measure the PRS resource associating with different Rx TEGs at the same time, or measure the PRS resource of different repetitions associating with different Rx TEGs, or measure the PRS resource of different time stamp. 
· Alt2: The UE can measure different PRS resources associated with different Rx TEGs from the TRP. For example, the UE can measure at least 2 PRS resources, and different PRS resources are associated with different Rx TEGs. Furthermore, considering that different PRS resources from the same TRP may correspond to different frequency layers (e.g. frequency layers of different bandwidth), which will introduce additional measurement error, we can further limit that the different PRS resources here come from the same PRS resource set.
Observation 3: 
· There are 2 alternatives for a UE to measure PRS(s) from a TRP associated with different UE Rx TEGs.
· Alt1: The UE can measure one PRS resource associated with different Rx TEGs from the TRP
· Alt2: The UE can measure different PRS resources associated with different Rx TEGs from the same PRS resource set of the TRP
Furthermore, when the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, it can compensate ‘Rx timing error difference’ by itself first, and then report compensated RSTD measurements to the LMF without Rx TEG association information, or it can report original RSTD measurements (uncompensated measurements) and related Rx TEG information to the LMF. The latter is our preference, the reasons are as follows
· On the LMF side, the measurement results of different Rx TEGs for the same TRP can be used as part of the original TDOA positioning equation. In the process of solving equations, based on multiple iterations, the unreasonable Rx timing error difference estimate and TRPs can be excluded. However, on the UE side, without the information of TRP location, the UE cannot rule out unreasonable Rx timing error difference estimate, which may introduce new errors caused by unreasonable Rx timing error difference estimation after compensation in RSTD measurements. Furthermore, we compared the performance of Rx timing error difference compensated by the LMF and by the UE in DH scenario as following.
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Figure3 The performance of ‘Rx timing error differences’ estimation by LMF and by UE in DH scenario

It is observed in Figure3 that the performance of Rx timing error difference estimated and compensated by the LMF (pink) is better than the performance of Rx timing error difference estimated and compensated by the UE (red).
· The UE may estimate ‘UE Rx timing error difference’ based on different PRS resources from one TRP, however the different PRS resources may be associated with different TRP Tx TEGs, which is unknown to the UE for UE-assisted positioning. Therefore, TRP Tx timing error difference may be introduced in ‘UE Rx timing error difference estimate’ based on UE’s estimation. On the contrary, the LMF can obtain TRP Tx TEG information associated with different PRS resources and further eliminate its impact.
Therefore, we propose
Proposal 3: 
· When the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF, rather than compensating ‘Rx timing error difference’ by UE implementation and then reporting compensated RSTD measurements to the LMF.
Therefore, when the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, the reported measurements related to different UE Rx TEGs is the key information for the LMF to mitigate UE Rx timing errors. However, in some cases, the key information may be missed. For example, one UE is able to measure multiple PRS resources from a TRP associated with different UE Rx TEGs. But in current specification, it can only select up to 4 RSTD measurements to report, and each RSTD measurement corresponds to a PRS resource. Once there is no rule to restrict UE behavior, the UE may report up to 4 RSTD measurements only associated with the same UE Rx TEG by UE implementation, even if there are other PRS resources associated with another UE Rx TEG and the corresponding RSTD measurements have high quality, so that the key information is missed. In addition, for a UE is able to measure a PRS resource associated with different Rx TEGs, it is also natural for the UE to associate only 1 Rx TEG with the RSTD measurement for this PRS resource, e.g. the UE only provides the Rx TEG information of the first path used to determine the RSTD measurement. Similarly, the key information is missed. Thus, to ensure that the UE can report the key information to the LMF, some reporting rules should be defined. For example, for a UE is able to measure multiple PRS resources from a TRP associated with different UE Rx TEGs, when the RSTD measurements for PRS resources associated with a Rx TEG meet certain conditions, the UE should report at least one RSTD measurement associated with the Rx TEG; for a UE is able to measure a PRS resource associated with different UE Rx TEGs, when the measurements associated with a Rx TEG meet certain conditions, the UE should report the measurements associated with the Rx TEG. Therefore, we propose
Proposal 4: 
· In DL-TDOA method, to eliminate the positioning error caused by the UE Rx timing errors of more than one UE Rx TEGs, the RSTD measurement report of a certain TRP for more than one UE Rx TEGs needs to be guaranteed if the UE is able to measure PRS(s) associated with different UE Rx TEGs.
· FFS the UE reporting rules to guarantee the RSTD measurement report for more than one UE Rx TEGs.
Rx/Tx timing delay mitigating for UL-TDOA method
	Agreement:
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF;  
· FFS: the details of the Signaling, procedures, and UE capability


In UL-TDOA method, positioning accuracy is also easily affected by UE Tx timing error. For example, when the LMF is calculating the difference of the RTOA measured by different TRPs for a UE, when the UE Tx TEG associated with the RTOA is different, an extra ‘UE Tx timing error difference’ will be generated in the ‘RTOA difference results’, so that positioning accuracy is impacted. In general, the UE can provide the association information of SRS resources with UE Tx TEG(s) to LMF, which helps the LMF further exclude some of the ‘RTOA difference results’ containing additional ‘Tx timing error difference’ for higher accuracy. 
Similar to DL-TDOA method, in UL-TDOA method, whether the UE should provide Tx TEG information and how to provide Tx TEG information is related to the positioning accuracy requirement. However, for UL-TDOA method, the UE may not obtain information of accuracy requirement, as a result, the UE does not know how to group Tx timing errors. One simple way is to include information of accuracy requirement when requesting UE to provide the UE Tx TEG information. Therefore, we propose
Proposal 5: 
· The UE can be requested to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF.
· Including positioning accuracy requirement information in Tx TEG request.
Regarding ‘whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF’, our preference is that UE can provide the Tx TEG association information to the LMF directly. We found that some information related to the uplink positioning can also be transmitted via LPP messages, for example, the UE can be requested to report UL related capabilities including UL SRS capabilities to the LMF directely via LPP as following. In addition, we think UE Tx TEG information is completely different from the SRS configuration. The regular SRS configuration for positioning is determined and configured by the serving gNB, however, the UE Tx TEG information is determined by the UE and there is no use for the serving gNB to obtain this information. Therefore, compared with indirect indication of UE Tx TEG information through gNB, direct Tx TEG information indication to the LMF via LPP message is preferred.
	RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		CommonIEsRequestCapabilities		OPTIONAL,	-- Need ON
	a-gnss-RequestCapabilities			A-GNSS-RequestCapabilities			OPTIONAL,	-- Need ON
	otdoa-RequestCapabilities			OTDOA-RequestCapabilities			OPTIONAL,	-- Need ON
	ecid-RequestCapabilities			ECID-RequestCapabilities			OPTIONAL,	-- Need ON
…
	[[	nr-ECID-RequestCapabilities-r16	NR-ECID-RequestCapabilities-r16		OPTIONAL,	-- Need ON
		nr-Multi-RTT-RequestCapabilities-r16
									NR-Multi-RTT-RequestCapabilities-r16	
																		OPTIONAL,	-- Need ON
		nr-DL-AoD-RequestCapabilities-r16	
									NR-DL-AoD-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-RequestCapabilities-r16
									NR-DL-TDOA-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-UL-RequestCapabilities-r16	NR-UL-RequestCapabilities-r16		OPTIONAL	-- Need ON
	]]
}
ProvideCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsProvideCapabilities		CommonIEsProvideCapabilities			OPTIONAL,
	a-gnss-ProvideCapabilities			A-GNSS-ProvideCapabilities				OPTIONAL,
	otdoa-ProvideCapabilities			OTDOA-ProvideCapabilities				OPTIONAL,
	ecid-ProvideCapabilities			ECID-ProvideCapabilities				OPTIONAL,
	…
	[[	nr-ECID-ProvideCapabilities-r16	NR-ECID-ProvideCapabilities-r16			OPTIONAL,
		nr-Multi-RTT-ProvideCapabilities-r16	
										NR-Multi-RTT-ProvideCapabilities-r16	OPTIONAL,
		nr-DL-AoD-ProvideCapabilities-r16
										NR-DL-AoD-ProvideCapabilities-r16		OPTIONAL,
		nr-DL-TDOA-ProvideCapabilities-r16
										NR-DL-TDOA-ProvideCapabilities-r16		OPTIONAL,
		nr-UL-ProvideCapabilities-r16	NR-UL-ProvideCapabilities-r16			OPTIONAL
	]]
}


Besides, we believe the way the UE provides the TEG association information to the LMF should be consistent with the way the LMF requests the UE to provide the TEG association information. For example, if the TEG association information requesting signalling is LPP signalling directly, the corresponding providing signalling should also be LPP signalling directly; if the TEG association information requesting signalling is sent through the serving gNB, the corresponding providing signalling should also be sent through the serving gNB. 
Therefore, we propose that
Proposal 6: 
· Support the UE to directly provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF via LPP message.
· Note: The way the UE provides Tx TEG association information to the LMF should be consistent with the way the LMF requests UE Tx TEG association information
In addition, during the time when the UE transmits the SRS resources, as the UE flips or is blocked, it is up to UE implementation to switch Tx panel for better uplink transmission. Thus, for the same SRS resources for positioning, the associated Tx panel and Tx TEG will also change accordingly, the following figure shows a simple example.  That is, the UE Tx TEG information of SRS resource(s) for different SRS instances may be not always fixed. From our point of view, the information of the UE Tx TEG(s) change should also be provided to the LMF. Considering that the UE may change Tx TEG information of SRS resource(s)(e.g. switch panels) at any time, we prefer to trigger the UE to report Tx TEG change information based on Tx TEG change event. Then the LMF can assume that Tx TEG information associated SRS resource(s) is relatively stable between the two triggered reports. Therefore, we propose


Figure4 UE Tx TEG(s) change associated with SRS resource(s)
Proposal 7: 
· The UE should provide the information of the UE Tx TEG(s) change associated with SRS resource(s) to the LMF, when the UE Tx TEG associated with SRS resource(s) changes, e.g. due to switching of UE antenna panel to avoid blockage.
· The UE can provide this information based on event-triggerred reporting.
Furthermore, we think the information of the UE Tx TEG(s) change should also be provided to the gNB which performs SRS measurements. For example, after one gNB measuring SRS, it may report RTOA measurements to the LMF. To obtain the RTOA measurements of a SRS resource, the gNB may derive SRS measurements from multiple SRS occasions/instances for joint processing (e.g. averaging). However, without the information of the UE Tx TEG(s) change, it is possible for the gNB to perform joint processing on multiple SRS occasions associated with different UE Tx TEGs, which will introduce unnecessary errors. Therefore, after the LMF obtains the information of UE Tx TEG change, it can further transmit this information to the gNB performing UL positioning measurement. So we propose that
Proposal 8: 
· The information of the UE Tx TEG and Tx TEG change information associated with SRS resource(s) should also be provided to the gNBs performing RTOA measurement, to prevent the gNBs joint processing on different SRS measurement time occasions associated with different UE Tx TEGs for the same SRS resource(s).
· After the LMF obtains the information of UE Tx TEG(s) change, it can further transmit this information to the gNB performing RTOA measurement .
Moreover, in current TS38.455[2], for TRP measurement results containing UL RTOA as below, there is no indication related to ‘SRS resource ID’ and the indicated ‘time stamp’ also cannot clearly indicate which SRS resource the RTOA measurement is associated with. Then even if the UE can provide UE Tx TEG information associated with SRS resource(s), if the gNB does not provide the information of ‘SRS resource ID’ related to RTOA measurements, the LMF also cannot further process the RTOA for UE Tx timing error mitigating. 
9.2.37	TRP Measurement Result [2]
	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
	


So we propose
Proposal 9: 
· Support the gNB to provide information related to SRS resource(s) ID to the LMF in RTOA measurement result, to help the LMF obtain the relationship between the RTOA measurement result and the Tx TEGs of SRS resource(s).
Then, if a gNB is able to measure SRS resoures related to different UE Tx TEGs, the reported RTOA measurements related to different UE Tx TEGs is the key information for the LMF to migitate UE Tx timing errors. Therefore, it is better to define gNB reporting rules to guarantee the key information to be reported, which is similar to what we mentioned in DL-TDOA method.
Proposal 10: 
· In UL-TDOA method, to eliminate the positioning error caused by the UE Tx timing errors of more than one UE Tx TEGs, the RTOA measurement report for more than one UE Tx TEGs needs to be guaranteed if the gNB is able to measure SRS resoures associated different UE Tx TEGs.
· FFS the gNB reporting rules to guarantee the RTOA measurement report for more than one UE Tx TEGs.
Rx/Tx timing delay mitigating for DL and UL positioning method
For Multi-RTT method, the round-trip-time is calculated by the use of the UE Rx-Tx time difference measurements and gNB Rx-Tx time difference measurements. The measurement accuracy of UE Rx-Tx time difference measurements may be impacted by UE Rx and/or Tx timing errors, and the measurement accuracy of gNB Rx-Tx time difference measurements may be impacted by gNB Rx and/or Tx timing errors. If UE Tx and Rx timing errors and gNB Tx and Rx timing errors cannot be compensated, the accuracy of the multi-RTT positioning may be significantly impacted. The similar problem will also appear in the ‘DL TDOA+UL-TDOA’ method, which can be supported by implementation to reduce some common errors from TRPs and UEs.
In RAN1# 104b-e, the issues related Rx/Tx mitigating for DL and UL method were discussed intensely. For mitigating UE Rx/Tx timing errors, the following conclusion on UE side is achieved.
	Agreement:
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.
· For both alterntives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF 
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the signalling, procedures, and UE capability


Compared with Alt1, Alt2 seems more comprehensive. Alt1 only provides the information of {Rx TEG, Tx TEG} which denotes the information of ‘Rx timing error’ and ‘Tx timing error’, but lacks the information of ‘Rx timing error+Tx timing error’. Alt2 not only provides the information of ‘Rx timing error+Tx timing error’ via RxTx TEG, but also doesn’t rule out the provision of Rx TEG and Tx TEG. From the first step, it seems that Alt2 is better for us.
Regarding Alt2, one issue focuses on whether to support UE to provide the association information of UE Rx-Tx time difference measurements with UE ‘Rx TEG’. We think it can be supported in some scenarios. For example, the LMF may use UE Rx-Tx time difference measurements to perform TDOA-based calculation in an implementation way, e.g. making difference to UE Rx-Tx time measurements of different TRPs, so that the Rx TEG associated with each Rx-Tx time measurements is needed. Moreover, for jointly DL-TDOA and Multi-RTT positioning estimation, when the LMF is able to estimate UE Rx timing error difference between Rx TEGs, if RxTx TEG is associated with {Rx TEG, Tx TEG}, then the LMF can compensate the timing error difference between the RxTx TEGs associated with the same Tx TEG at least. In addition, from the perspective of UE capability, for the UEs that don’t support ‘Rx timing error+Tx timing error’ calibration, the RxTx TEG information is no longer available, so that these UEs may only provide the information of ‘Rx TEG’ and/or ‘Tx TEG’. Therefore, in some scenarios, UE Rx TEG information associated with Rx-Tx time difference measurements may be needed. 
Proposal 11: 
· Support UE to provide the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements under capability.
Another issue regarding Alt2 is whether to support UE to provide the association information of UE RxTx TEG with {DL PRS resource, UL Positioning SRS resource} pairs or UE {Rx TEG, Tx TEG} pairs. If UE providing Rx TEG information of PRS resource and Tx TEG information of SRS resource for positioning is supported, we can hardly see the difference between the 2 options. We are slightly inclined to the ‘{DL PRS resource, UL Positioning SRS resource} pairs’, since we think RxTx TEG will eventually be associated with one or more pairs {DL PRS resource, UL Positioning SRS resource} regardless of whether it is associated with {Rx TEG, Tx TEG} pairs. Therefore, we propose
Proposal 12: 
· Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG under capability.
· The UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
From the previous conclusions, based on descriptions such as ‘where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS’ or ‘the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs’, it can be basically determined actual SRS transmission is used to derive RxTx TEG or Tx TEG in {Rx TEG, Tx TEG} pairs. However, in Multi-RTT positioning, according to the definition of ‘Rx-Tx time difference’, it can be seen that the ‘Rx time’ in ‘Rx-Tx time difference’ is determined by the receiving time of PRS resource, while the ‘Tx time’ in ‘Rx-Tx time difference’ is determined by the time of the UL subframe that is closest in time to the receiving time of PRS resource which is not associated with actual SRS transmission. In addition, as we described in section 3.2 Figure 4, the UE Tx TEG information of SRS resource(s) for different SRS instances may be not always fixed, therefore, we think we should define which SRS instance can be used to derive RxTx TEG or Tx TEG in { Rx TEG, Tx TEG } pairs for Rx-Tx time difference measurements. As shown below, the most recent SRS instance in advance of the Rx-Tx measurement is preferred.


Figure5 The most recent SRS instance in advance of the Rx-Tx time difference measurement
Proposal 13: 
· The SRS resource(s) in the most recent SRS instance in advance of the Rx-Tx time difference measurement can be used to derive RxTx TEG or Tx TEG in { Rx TEG, Tx TEG } pairs for Rx-Tx time difference measurements.
In addition, it was also concluded that the UE may provide the UE Tx TEG association information of SRS resouces for positioning to the LMF, regardless of which kind of TEG for Rx-Tx time difference measurement is supported. Regarding how to provide this information to the LMF, we think the simpliest way is to carry this information in ‘NR-Multi-RTT-SignalMeasurementInformation’ via LPP messages, as there has been a precedent for using ‘NR-Multi-RTT-SignalMeasurementInformation’ to transmit UL-related information in Multi-RTT method, such as ‘NTA Offset’ as following.
	NR-Multi-RTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-Multi-RTT-MeasList-r16		NR-Multi-RTT-MeasList-r16,
[bookmark: _Hlk42710993]	nr-NTA-Offset-r16				ENUMERATED { nTA1, nTA2, nTA3, nTA4, ... }		OPTIONAL,
	...
}


Therefore, we propose
Proposal 14: 
· Support UE to provide Tx TEG information of SRS resources for positioning along with Rx-Tx time difference measurements via  ‘NR-Multi-RTT-SignalMeasurementInformation’.
For mitigating UE Rx/Tx timing errors, the following conclusion on TRP side is achieved.
	Agreement:
· For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF 
· Alt. 2: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs, according to the one of the 2 following options: 
· Option 1: the TRP RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether gNB provides the association information of UL Positioning SRS resources to TRP Rx TEG to LMF, if the TRP has multiple Rx TEGs, for gNB RxTx measurements specifically
· Option 2: the TRP RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the UL Positioning SRS and the Tx TEG is used to transmit the DL PRS.
· For both alternatives, the gNB may provide the association information of DL PRS resources to TRP Tx TEG to LMF if the TRP has multiple Tx TEGs.
· FFS: the details of the signalling, procedures


According to the discussion of UE side, similarly, we propose that :
Proposal 15: 
· Support gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs.
· Support gNB to provide the association information of UL Positioning SRS resources to TRP Rx TEG to LMF, if the TRP has multiple Rx TEGs, for gNB RxTx measurements.
Reference device for positioning error mitigating
It was observed in our previous contribution [6] the reference device is beneficial for Rx/Tx timing delay mitigating. In RAN1#104b-e, ‘the reference device’ for Rx/Tx timing error mitigating was discussed, however no conclusions were made, and the lastest proposal is shown below. There are still some issues with this feature that need further discussion. 
	Proposal 4-1 (Revision 5) (H)
· RAN1 has evaluated the use of reference devices, which can either be UE or TRP, for positioning and observes improvements in using reference devices for enhancing the positioning performance.
· Note 1: The position of the reference device is known;
· Note 2: If the device is a TRP, it needs at least to support some of the Rel-16 positioning functionalities, which will be defined by RAN2. For example, the device positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· Note 3: If the device is a UE, it  may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the device is known, the information may also be requested by the LMF;
· Note 4: The impact on the specification, the measurement reports, and the procedure for supporting a UE/TRP to be a reference device will be determined by RAN2/RAN3/SA2;
· Note 5: Up to RAN2/RAN3 discussions what type(s) of UE/TRP can be reference devices and any capabilities if/as needed
· Note 6: RAN1 has not identified specification enhancements needed in RAN1 specifications
· Send an LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for the above proposal and kindly asks RAN2 and RAN3 to determine if and what specification enhancements are needed in the relevant WGs to enable reference devices for positioning.


The reference device is used to calibrate the ns-level Rx/Tx timing error, which requires the accuracy and reliability of its known position to be extremely high. For example, this accuracy requirement should be tighter than the accuracy requirements for normal UEs in Rel-17 positioning. If the type of device can be a normal UE, the UE should have the ability to obtain its own location such as via RAT-independent techniques and ensure ultra-high precision and reliable positioning level. We believe that such tight accuracy requirements may be difficult to achieve for normal UEs. Another type of device may be a gNB/TRP. However, since current gNB is not allowed to measure PRS or transmit SRS, once gNB is required to assist in calibration work, all the gNBs or TRPs in a certain scenario are required to measure PRS or transmit SRS, and the overhead of signaling interaction is relatively large. Furthermore, since the sector of the gNB has a certain downward tilt angle which is assumed to be basically fixed, we are not sure when the ‘reference gNB’ is required to measure/transmit PRS/SRS, whether an effective air interface connection can be established between it and other normal gNBs, especially the air interface connection of LOS. Therefore, considering the limitation of normal UE and gNB/TRP, we propose to introduce new type of reference device, rather than normal UE or gNB/TRP, for Rx/Tx timing error mitigating.
This type of device should have the ability to obtain its own location with high accuracy and confidence, and it may also be requested by the LMF to provide its location information. In addition, it should support basic positioning functionalities, such as providing the positioning measurements and transmitting the UL SRS for positioning. Moreover, this type of device can be stationary or have mobility. 
It is also noted that it is up to RAN2/RAN3 to further define ‘the entity’, architecture and signalings for this new type of reference device
Proposal 16:  
· Support to introduce new type of reference device, rather than normal UE or gNB/TRP, for Rx/Tx timing error mitigating. 
· it should have the ability to obtain and provide its own location with high accuracy and confidence
· it may also be requested by the LMF to provide its own location information to the LMF
· it should support basic positioning functionalities, such as providing the positioning measurements and transmitting the UL SRS for positioning.
· Note: it is up to RAN2/RAN3 to further define ‘the entity’, architecture and signalings for this new type of reference device.
Moreover, for better assisting error calibration on the network side, it is proposed to enable the ‘reference device’ to be controlled by the LMF. For example, support the LMF to indicate the use of Rx TEGs or Tx TEGs of the ‘reference device’ such as indicating the use of only 1 Rx TEGs or Tx TEGs, which makes the LMF to ignore the intra-device timing error when calibrating the gNB timing error. In addition, the LMF may also indicate the mobility or the motion trajectory of the ‘reference device’, so that the ‘reference device’ can establish LOS connections with more TRPs and increase effective coverage, which is beneficial for the scenarios where many TRPs are deployed or LOS links are insufficient. Further, it can reduce the number of ‘reference device’ and the overhead on the network side. Therefore, the ‘reference device’ can be controlled by the LMF for the purpose of error calibration.
Proposal 17: 
· Support the ‘reference device’ being controlled by the LMF for better assisting network calibration, e.g., including
· support the LMF to indicate the use of Rx TEGs or Tx TEGs of the ‘reference device’
· support the LMF to indicate the mobility or the motion trajectory of the ‘reference device’
Furthermore, ‘the reference device’ can also be used for angle error calibration. There are some factors that can cause angle estimation errors in angle-based methods. For example, in DL-AoD positioning, the gNB may report the azimuth/zenith angle of the beams characterized with unknown errors, which can eventually lead to a decrease in location estimation as observed in previous contribution [6]. Therefore, these ‘beam orientation errors’ should also be calibrated to increase the performance of DL-AoD method. From our point of view, ‘reference device’ based method can also be considered, since the ideal device location and angle information can help the LMF or gNB to estimate the error or the error model, and further eliminate or mitigate the impact of this error in other measurements. Similar angle errors also exist in AoA measurement, and we can still use ‘reference device’ based methods to solve such problems. When using ‘the reference device’ to calibrate the angle error of the gNB, a simple way is to indicate the location of ‘the reference device’ to the gNB, so that the gNB can calibrate the angle error by itself. 
Proposal 18: 
· The location information of ‘reference device’  can be provided to the gNB for angle error calibration by itself.
UE and TRP measurements enhancement
In RAN1#104e, the following agreements related to UE and TRP measurements enhancement were achieved.
	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.


In current specification, when UE to report DL measurements to the LMF, it is up to UE implementation to derive PRS instances to obtain RSTD, RSRP and/or Rx-Tx time difference measurements for reporting. For better matching measurements of UE and TRP or tracking non-idealities related to time-drifts for the LMF, we support a UE or a TRP to report one or more measurement instances in a single measurement report. 
However, in some cases, there is no need to support above reporting behavior. For example, when the UE is configured to periodically report DL measurements with small period, it is automatically equivalent to ‘reporting one or more measurement in a single report’. In addition, for DL or UL only positioning without combination of DL and UL measurements, UE reporting one or more measurement instances in a single report may not always be needed. Thus, this reporting behavior should be treated as an optional reporting behavior, which is suitable for both UE and gNB.
Proposal 19: 
· The UE or the TRP can be configured to report one or more measurement instances in a single measurement report to the LMF.
In addition, about ‘FFS: The measurement instances are within a [configured] measurement time window’, our preference is not to introduce a ‘measurement time window’, as this window can be replaced by other ways. Take the UE side as an example, the UE can be configured to report all the measurement instances with corresponding time stamps, or the UE can be configured to report the most recent measurement instances before measurement report. The same method can also be applied to gNB. We think these two methods are sufficient for positioning report, and it is also clear enough for the LMF to match the measurement results from the UE and the gNB.  
Regarding UE to report the most recent measurement instances before measurement report, we think it is benefit for low latency positioning scenarios, as in these scenarios, the latest UE location is strongly required. Furthermore, considering PRS processing time, the most recent measurement instance should be in advance of a certain time before the measurement report, which is related to PRS processing capability.


[bookmark: _GoBack]Figure6 The most recent measurement instance to be report
Proposal 20: 
· Support to enable the UE to report PRS measurements derived from the most recent measurement instances in advance of a certain time before the measurement report.
· The certain time before the measurement report is related to PRS processing capability.
Moreover, regarding ‘FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set’, we think its relationship with ‘’ defined for measurement period requirement by RAN4 needs to be clarified. In TS38.133[3][4][5], in RSTD measurement requirement, ‘’ is defined as the number of PRS RSTD samples (or instances of DL-PRS Resource Set here) and  ‘’= 4; in Rx-Tx time difference measurement requirement,  ‘’ is the number of UE Rx-Tx time difference measurement samples (or instances of DL-PRS Resource Set here) and  ‘’= [4]; in PRS-RSRP measurement requirement, ‘’ is the number of PRS-RSRP measurement samples  (or instances of DL-PRS Resource Set here) and = 4. The motivation behind allowing more than one PRS sample in defining the measurement period is to ensure that with channel variations or deep fading, there is at least one PRS sample that satisfies the side conditions. That is, the UE needs to measure 4 PRS samples to get a measurement result. Similarly, we understand that one ‘measurement instance’ also corresponds one instance for measurement results to be report. However, if N<4, the measurement results cannot be ensured in one measurement instance. Compared with the requirement of RAN4, RAN1 seems to be more inclined to configure the number of DL-PRS Resource Set instances in a measurement instance flexibly. Therefore, we suggest to ask RAN4 to reach a consensus, and then we can determine the value of N and whether N can be configured by the network.
Proposal 21: 
· The relationship between ‘the number of DL-PRS Resources Set instances related to each UE measurement instance’ and ‘the number of PRS samples for RSTD/Rx-Tx time difference/PRS-RSRP measurements’ defined by RAN4’ should be clarified.
· Send an LS to RAN4 for consistent understanding.
Conclusion
In this contribution, we discuss methods for Rx/Tx timing mitigating with the following observations and proposals.
Observation 1: 
· When the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, the difference between ToA measurements associated with different UE Rx TEGs can be regarded as ‘Rx timing error difference’, which can be used for mitigating UE Rx timing errors in DL-TDOA method.
Observation 2: 
· After compensating for the ‘estimated Rx timing error differences’, the accuracy is improved, compared with the case of ‘Rx timing error elimination by extracting measurements from same Rx TEG’ in which only using the measurements associated with only one Rx TEG to calculate the UE position.
· The accuracy is improved in both SH and DH scenarios, especially in the DH scenario, the accuracy improvement is large.
Observation 3: 
· There are 2 alternatives for a UE to measure PRS(s) from a TRP associated with different UE Rx TEGs.
· Alt1: The UE can measure one PRS resource associated with different Rx TEGs from the TRP
· Alt2: The UE can measure different PRS resources associated with different Rx TEGs from the same PRS resource set of the TRP
Proposal 1: 
· The issues of ‘inter-TRP timing error’ in DL-TDOA/UL-TDOA method should be clarified.
· e.g., whether to regard ‘inter-TRP timing error’ as synchronization error beween TRPs.
Proposal 2: 
· The UE can be requested to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF.
Proposal 3: 
· When the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF, rather than compensating ‘Rx timing error difference’ by UE implementation and then reporting compensated RSTD measurements to the LMF.
Proposal 4: 
· In DL-TDOA method, to eliminate the positioning error caused by the UE Rx timing errors of more than one UE Rx TEGs, the RSTD measurement report of a certain TRP for more than one UE Rx TEGs needs to be guaranteed if the UE is able to measure PRS(s) associated with different UE Rx TEGs.
· FFS the UE reporting rules to guarantee the RSTD measurement report for more than one UE Rx TEGs.
Proposal 5: 
· The UE can be requested to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF.
· Including positioning accuracy requirement information in Tx TEG request.
Proposal 6: 
· Support the UE to directly provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF via LPP message.
· Note: The way the UE provides Tx TEG association information to the LMF should be consistent with the way the LMF requests UE Tx TEG association information
Proposal 7: 
· The UE should provide the information of the UE Tx TEG(s) change associated with SRS resource(s) to the LMF, when the UE Tx TEG associated with SRS resource(s) changes, e.g. due to switching of UE antenna panel to avoid blockage.
· The UE can provide this information based on event-triggerred reporting.
Proposal 8: 
· The information of the UE Tx TEG and Tx TEG change information associated with SRS resource(s) should also be provided to the gNBs performing RTOA measurement, to prevent the gNBs joint processing on different SRS measurement time occasions associated with different UE Tx TEGs for the same SRS resource(s).
· After the LMF obtains the information of UE Tx TEG(s) change, it can further transmit this information to the gNB performing RTOA measurement .
Proposal 9: 
· Support the gNB to provide information related to SRS resource(s) ID to the LMF in RTOA measurement result, to help the LMF obtain the relationship between the RTOA measurement result and the Tx TEGs of SRS resource(s).
Proposal 10: 
· In UL-TDOA method, to eliminate the positioning error caused by the UE Tx timing errors of more than one UE Tx TEGs, the RTOA measurement report for more than one UE Tx TEGs needs to be guaranteed if the gNB is able to measure SRS resoures associated different UE Tx TEGs.
· FFS the gNB reporting rules to guarantee the RTOA measurement report for more than one UE Tx TEGs.
Proposal 11: 
· Support UE to provide the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements under capability.
Proposal 12: 
· Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG under capability.
· The UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
Proposal 13: 
· The SRS resource(s) in the most recent SRS instance in advance of the Rx-Tx time difference measurement can be used to derive RxTx TEG or Tx TEG in { Rx TEG, Tx TEG } pairs for Rx-Tx time difference measurements.
Proposal 14: 
· Support UE to provide Tx TEG information of SRS resources for positioning along with Rx-Tx time difference measurements via  ‘NR-Multi-RTT-SignalMeasurementInformation’.
Proposal 15: 
· Support gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs.
· Support gNB to provide the association information of UL Positioning SRS resources to TRP Rx TEG to LMF, if the TRP has multiple Rx TEGs, for gNB RxTx measurements.
Proposal 16: 
· Support to introduce new type of reference device, rather than normal UE or gNB/TRP, for Rx/Tx timing error mitigating. 
· it should have the ability to obtain and provide its own location with high accuracy and confidence
· it may also be requested by the LMF to provide its own location information to the LMF
· it should support basic positioning functionalities, such as providing the positioning measurements and transmitting the UL SRS for positioning.
· Note: it is up to RAN2/RAN3 to further define ‘the entity’, architecture and signalings for this new type of reference device.
Proposal 17: 
· Support the ‘reference device’ being controlled by the LMF for better assisting network calibration, e.g., including
· support the LMF to indicate the use of Rx TEGs or Tx TEGs of the ‘reference device’
· support the LMF to indicate the mobility or the motion trajectory of the ‘reference device’
Proposal 18: 
· The location information of ‘reference device’  can be provided to the gNB for angle error calibration by itself.
Proposal 19: 
· The UE or the TRP can be configured to report one or more measurement instances in a single measurement report to the LMF.
Proposal 20: 
· Support to enable the UE to report PRS measurements derived from the most recent measurement instances in advance of a certain time before the measurement report.
· The certain time before the measurement report is related to PRS processing capability.
Proposal 21: 
· The relationship between ‘the number of DL-PRS Resources Set instances related to each UE measurement instance’ and ‘the number of PRS samples for RSTD/Rx-Tx time difference/PRS-RSRP measurements’ defined by RAN4’ should be clarified.
· Send an LS to RAN4 for consistent understanding.
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