
3GPP TSG RAN WG1 #106bis-e		R1-2108975
e-Meeting, October 11th – 19th, 2021

Source:	vivo
[bookmark: Title]Title:	Discussion on methods for Rx/Tx timing delay mitigating
[bookmark: Source]Agenda Item:	8.5.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#106-e meeting, some issues for Rx/Tx timing error mitigating were discussed and some agreements and conclusions were achieved in [1].
In this contribution, we present our views on potential enhancements for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
Rx/Tx timing delay mitigating for positioning methods
[bookmark: Pro2]Rx/Tx timing delay mitigating for DL-TDOA method
In last meeting, some conclusions related to Rx/Tx timing delay mitigating for DL-TDOA were discussed with the following proposals.
	Agreement:
· Subject to UE capability, support a UE to include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report. These UE Rx TEG IDs can be the same or different. 
· Note: RSTD reference time is related to the DL_PRS_Reference_Info IE

Agreement:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
· FFS: whether the TRP can be either a “RSTD” reference TRP or a neighbor TRP
· FFS: details of the signalling, procedures, and UE capability
· FFS: The multiple RSTD measurements can share the same time stamp
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· FFS: M = [2, 3, 4] or other values
· FFS: details of the signalling, procedures
· FFS: The multiple RTOA measurements can share the same time stamp


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 1: 
· The UE can be requested to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF.
In addition, to assist the LMF to estimate/compensate UE Rx time difference, UE reporting RSTD measurements associated with different Rx TEG for a PRS resource was supported. There are also some FFS to be solved.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
This is related to UE capability, we think it can be discussed in agenda 8.17.5.
· FFS: whether the TRP can be either a ‘RSTD’ reference TRP or a neighbor TRP
We think this feature is irrespective of whether the TRP is a ‘RSTD’ reference TRP or a neighbor TRP and only depend on whether UE is able to measure the same DL PRS resource of a TRP with different UE Rx TEGs.
· FFS: The multiple RSTD measurements can share the same time stamp
This issue is related to how a UE to measure a PRS resource associated with different UE Rx TEGs. We think there are 3 alternatives.
· Alt1: the UE measures the PRS resource associated with different Rx TEGs at the same time. For example, in FR1, some UEs may be capable of measuring one PRS resource via different Rx ports simultaneously, wherein, different Rx ports may be associated with different Rx TEGs. In this case, the multiple RSTD measurements can share the same time stamp.
· Alt2: the UE measures the PRS resource in different repetitions associated with different Rx TEGs. Alt2 is applicable to the case where UE peforms Rx beam sweeping to measure a PRS resource. In this case, different Rx TEGs are associated with different Rx beam from different Rx panels. In this cases, the multiple RSTD measurements are associated with different time stamps.
· Alt3: the UE measures the PRS resource of different periods associated with different Rx TEGs. In this case, for different periods of PRS, UE may use different Rx panels to measure. 
Therefore, we propose:
Proposal 2: 
· Regarding UE reporting RSTD measurements associated with different Rx TEG for a PRS resource of a TRP, support the following
· The TRP can be either a ‘RSTD’ reference TRP or a neighbor TRP
· The time stamps of multiple RSTD measurements time stamp can be the same or different

Rx/Tx timing delay mitigating for UL-TDOA method
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. 
Updating of Tx TEGs
In last meeting, some issues related to updating of Tx TEG were discussed with the following proposal.
	(Round 6) Proposal 3.4-1 (H)
· Consider supporting one or both of the following options (to be decided in RAN1#106b):
· Option 1: the LMF to request a UE/TRP to provide the periodic reporting of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources, based on a configured periodicity;
· FFS: the values of the configurable periodicities
· Option 2: the LMF to request a UE/TRP to provide the report of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources whenever the UE/TRP determines the previous association information is no longer valid
· Note: It is up to the UE/TRP to determine when and whether the previous association information is no longer valid
· FFS: The details of change of association information between Tx TEG IDs and SRS/PRS resources.


· One issue is whether to report Tx TEG change information to the LMF.
We support Tx TEG information is dynamic. For example, 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. That is, the UE Tx TEG information of SRS resource(s) for different SRS instances may be not always fixed. The following Figure 1 shows a simple example. It is observed that in SRS instance x, 2 SRS resources associated with the same Tx TEG, namely, {SRS resource 0→Tx TEG0; SRS resource 1→Tx TEG0}; however, in SRS instance x+1, due to the UE flips, the Tx TEG association information is changed, namely, {SRS resource 0→Tx TEG0; SRS resource 1→Tx TEG1}. If there is no notification of Tx TEG information update, the LMF may still use the same assumption as before to mitigate UE Tx error of SRS instance x+1(e.g., make difference between the RTOA measurement results of TRP1 and TRP2 based on the assumption of the same Tx TEG before), which will introduce new timing error.


Figure1 UE Tx TEG(s) change associated with SRS resource(s)
Therefore, the UE not only needs to report the initial Tx TEG information to the LMF, but also needs to report the Tx TEG change information to the LMF. That is, the report of UE Tx TEG information should be continuous multiple reports, instead of a single report at the beginning of SRS transmission. 
· Another issue is how to report Tx TEG change information to the LMF.
There may be two ways for UE to report Tx TEG: periodic report and event-triggered report. 
For periodic report, the UE may report Tx TEG information according to the period and/or offset time requested by the LMF. Each report can include the Tx TEG change information associated with SRS transmission during this period.
For event-triggered report, UE may report Tx TEG change information associated with SRS transmission to the LMF when Tx TEG information change happens compared with the last Tx TEG report. Considering that the UE may change Tx TEG information of SRS resource(s)(e.g. switch panels) at any time, to save signaling overhead and latency, we prefer event-triggered report. Besides, for adjacent 2 event-triggered reports, the LMF can assume that Tx TEG information associated SRS transmission is relatively stable from the last SRS instance before the previous report to the penultimate SRS instance before the next report, e.g. from ‘SRS instance 2’ to ‘SRS instance 4’ in the following figure.


Figure2 Event-triggered Tx TEG change report
In addition, we also support the UE report Tx TEG change information associated with SRS transmission based on the request from the LMF, which is similar to the procedure of location measurement information request and report.
Therefore, we propose
Proposal 3: 
· Support the LMF to request a UE to provide the report of the association information between UE Tx TEG IDs and positioning SRS/PRS resources whenever the UE determines the previous association information is no longer valid.
· For adjacent 2 triggered reports, the LMF can assume that Tx TEG information associated SRS transmission is relatively stable from the last SRS instance before the previous report to the penultimate SRS instance before the next report.
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 imformation, it can further transmit this information to the gNB performing UL positioning measurement. So we propose that
Proposal 4: 
· Support LMF to forward the UE Tx TEG information associated with SRS resource(s) provided by the UE to the serving and neighboring gNBs.
Directely or indirectely report Tx TEG information to the LMF
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. Moreover, 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. 
	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, in Multi-RTT positioning, uplink related parameters e.g. NTA-offset has been supported to report by UE via LPP. Therefore, in Multi-RTT positioning, we have no reason to support the similar uplink parameter UE Tx TEG to be reported through RRC+NRPPa instead of LPP. Correspondingly, UE report Tx TEG via LPP in UL-TDOA positioning seems to be better compatible with Multi-RTT positioning.
Furthermore, some companies argue that UE providing Tx TEG information prior to SRS transmission may be used by the LMF for optimizing the parameters for the NRPPa MEASUEMENT REQUEST, so that from the perspective of providing Tx TEG information as early as possible, UE providing this information via RRC+NRPPa seems better than directly via LPP. However, as we mentioned before, Tx TEG information is dynamic and it is only applicable after SRS transmission. So, we don’t think this advantage is valid.
Therefore, we propose that
Proposal 5: 
· Support the UE to directly provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF via LPP message.
RTOA measurements with different UE Tx TEGs
To estimate and mitigate UE Rx timing difference, UE optionally measures the same DL PRS resource of a TRP with different UE Rx TEGs and reports corresponding multiple RSTD measurements has been supported. Similarly, 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 difference errors. Therefore, we propose
Proposal 6: 
· 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 can be supported if the gNB is able to measure SRS resoures associated different 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.
Rx/Tx timing delay mitigating
In RAN1# 106-e, the issues related Rx/Tx mitigating for DL and UL method were discussed intensely. For mitigating UE Rx/Tx timing errors, the following conclusions were achieved.
	Agreement:
Make the following modification of the previous agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may should support, up to UE capability, either one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the UE RxTx TEG IDs are related/associated to UE Tx TEG IDs and/or UE Rx TEG IDs and to the UE Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of UE Rx TEG ID and UE Tx TEG ID is supported. 
· In either option, a UE Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the UE Rx-Tx measurement
· Alt. 2: the Tx timing of the UE Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An UE Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements
Agreement:
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· FFS: how the the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE.
· FFS: details of the signalling
Agreement:
· If a RxTx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE may optionally also report a Tx TEG ID. 


One of remaining issues is what a Tx TEG here is associated with. Let's analyze the above 3 alternatives.
· Alt.2: the Tx timing of the Rx-Tx time difference measurement. 
Alt.2 is an alternative to associate Tx TEG with the Tx time of the Rx-Tx measurement. In Rel-16, we have defined the reference point for Rx-Tx time difference measurement at RF, it seems the Tx TEG can be associated with the ‘Tx time’ at RF of the Rx-Tx time difference measurement. We believe that the definition of ‘Rx-Tx time difference’ and related ‘reference point’ are introduced based on the signal propagation delay, since the propagation delay can accurately reflect the actual distance between the UE and the TRP. However, in practice, the ‘Rx-Tx time difference’ is generally calculated from the baseband, which is why we introduced the ‘group delay’ at the beginning of Rel-17. If the UE report ‘Rx-Tx time difference’ based on the calculation on baseband, UE can determine the ‘Tx time’ based on the timing of the UL subframe at the baseband, wherein, the actual Tx timing error will not be added. In other words, the Tx time of the Rx-Tx time difference measurement in baseband is independent of UE Tx TEG. But if the UE report ‘Rx-Tx time difference’ based on RF, e.g. UE has capability to estimate and compensate ‘Rx+Tx timing error’ or ‘Tx timing error’, the ‘Tx time’ of the Rx-Tx time difference may not be independent of UE Tx TEG. There are 2 cases for UE to compensate ‘Rx+Tx timing error’ or ‘Tx timging error’. One is to compensate the ‘Rx+Tx timing error’ at the moment of ‘Tx time’. In this case, the ‘Rx-Tx time difference’ may be associated with a Tx TEG. However, for different Tx TEGs, the reported ‘Rx-Tx time difference’ is the same, thus, from the perspective of LMF processing, we don’t see the difference between associated or not associated a Tx TEG, so that in this case it is no need to associate a Tx TEG with the Rx-Tx time difference. Another is for different Tx TEG, UE compensate ‘Rx+Tx timing error’ or ‘Tx timging error’ respectively. In this case, the ‘Rx-Tx time difference’ can be Tx TEG specific, that is, for the same PRS resource, the corresponding ‘Rx-Tx time difference’ can be different for different Tx TEGs. We think this makes discussion overcomplicate and is not a typical case. 
· Alt.1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement. 
Alt.1 is another alternative to associate Tx TEG with the Tx timing of the Rx-Tx measurement. It is also a scheme to couple Rx-Tx time difference measurement with SRS resource and actual SRS transmission. 
Firstly, if the UE report ‘Rx-Tx time difference’ based on the calculation on baseband, UE can determine the ‘Tx timing’ based on the timing of the UL subframe at the baseband. In this case, even if the ‘Tx timing’ can be associated with the baseband UL subframe of SRS resources, for the same PRS resource, UE can only report one Rx-Tx time difference measurement. In other words, in this case, the Tx timing of the Rx-Tx measurement is not associated with SRS resource(s) and Tx TEG(s).
Then, if the UE report ‘Rx-Tx time difference’ based on RF, as mentioned above, for the case where UE has capability to estimate and compensate ‘UE Rx+Tx timing error’, the ‘Tx timing’ of the Rx-Tx time difference may not be independent of UE Tx TEG. However, in Multi-RTT positioning, according to current definition of ‘Rx-Tx time difference’, the ‘Tx time’ is not associated with actual SRS transmission. Therefore, coupling Rx-Tx time difference measurement with SRS transmission is needed. One way is to associate certain SRS instance to derive Tx TEG, e.g. the most recent SRS instance in advance of the Rx-Tx measurementas shown in Figure 3. Another way is to change the definition of ‘Rx-Tx time difference’, for example, the ‘Tx time’ can be changed to the uplink subframe associated with certain SRS instance. Both ways require UE to compensate ‘Rx+Tx timing error’ or ‘Tx timing error’ based on the Tx TEG(s) related to the SRS instance and include corresponding Tx TEG(s) information in the measurement report. But there are still some concerns as follows. 
· We still need to consider how to handle with the potential mismatch between UE and gNB Rx-Tx time difference measurements. It is difficult to ensure that the SRS resources or instance associated with UE Rx-Tx time difference measurement can be measured by the TRP.
· For different SRS resources with different Tx TEG, UE may report different Rx-Tx time difference measurement, that is, the measurement is TEG-specific/SRS resource-specific measurement. Since the accurate Tx TEG information is uncertain (as Tx TEG information dynamic) at the moment of PRS measurement, the UE has to wait for all the SRS resources to be transmitted, then it can determine the Tx TEG information associated with the Rx-Tx time difference measurements, so the measurement and report latency will be increased. In addition, once the number of TEGs/SRS resources to be reported is large, additional report overhead will increase many times, which cannot be ignored.
· It needs to associate the transmission of SRS resources with Rx-Tx time difference measurement, which may cause potential complexity. The association with SRS transmission or potential modifications to the Rx-Tx measurement definition will change current UE measurement/report behavior and RAN4 requirement, which is not friendly to latency, complexity and report overhead as discussed in section 2.3.2. 
· UE compensating ‘Rx+Tx timing error’ to get a measurement at RF side is not applicable to UEs that cannot compensate ‘Rx+Tx timing error’ or ‘Tx timing error’ . 


Figure3 The most recent SRS instance in advance of the Rx-Tx time difference measurement to derive Tx TEG
· Alt.3: one or more UL SRS resources for positioning. 
The difference between Alt.3 and the other two alternatives is that the Tx TEG is only associated with SRS transmission and independent of Rx-Tx time difference measurement. This is more in line with the current definition of Rx-Tx time difference measurement, since the ‘Tx time’ in definition is determined by the time of the UL subframe that is closest in time to the receiving time of PRS resource instead of the time of SRS transmission. 
In addition, Alt.3 also makes it easier to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements. Assuming a general case where the UE reports ‘Rx-Tx time difference’ based on the calculation on baseband is applied. In this case, the UE can provide the association information of Rx-Tx difference measurements with UE Rx TEG and the association information of SRS resource(s) with Tx TEG respectively, considering the decoupled relationship, the LMF can freely combine Rx/Tx TEG and no need to care about DL+UL mismatch. Furthermore, the UE can provide additional information of UE ‘Rx timing error+Tx timing error’ associated with the combination of Rx TEGs and Tx TEGs to the LMF, that is, the UE provides full set mapping relationship between {Rx TEGs, Tx TEGs} and RxTx TEGs, so that the LMF can select suitable mapping relationship when differential Multi-RTT enabled.
Therefore, based on the discussion above, regarding what a Tx TEG is associated with, we support Alt.3: a Tx TEG ID is associated with one or more UL SRS resources for positioning.
Then, we propose,
Proposal 7: 
· Regarding association information of Tx TEG for mitigating UE Tx/Rx timing errors in DL+UL positioning, support Alt.3: a Tx TEG ID is associated with one or more UL SRS resources for positioning.
In addition, regarding ‘potential mismatch between UE and gNB Rx-Tx time difference measurements’ in the FFS, to make it easier to handle with, we propose the following, which is also mentioned in the discussion for Alt.3.
Proposal 8: 
· For mitigating UE Rx/Tx timing errors for DL+UL positioning, up to UE capability, the following should be supported.
· UE providing the association information of UE Rx TEG(s) with each UE Rx-Tx time difference measurements to LMF.
· UE providing the association information of UE Tx TEG(s) with all UL Positioning SRS resources to LMF.
· UE providing the mapping information of UE {Rx TEG ID, Tx TEG ID} to UE RxTx TEG IDs to LMF.

Definition of Rx-Tx time difference measurement
In last meeting, some conslusions related to Rx-Tx time difference definition were achieved.
	Agreement:
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it is up to UE to compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, or include the difference (Timing Adjustment change) without compensation within the report
· Other options are not precluded.


The above agreements are used to address the error of RTT calculation due to TA adjustment based on current definition of Rx-TX time difference. In this section, we take the following Figure as an example to discuss. In this Figure, PRS is received in time unit 10, 90…and SRS is transmitted in time unit 0, 20, 40, 60…., and between every 2 PRS instances, there are 4 SRS intances.


Figure4 PRS measurement and SRS transmission in Multi-RTT positioning 
For Option 1, the definition of ‘Rx-Tx time difference’ is changed. There are still some concerns about Option 1.
· Firstly, the changed definition requires UE to couple DL PRS measurement with UL SRS transmission. Therefore, to determine the Rx-Tx measurement, UE has to wait for successful  SRS transmission after PRS reception, which is not friendly to latency reduction. For example, there are 4 SRS (e.g. SRS1, SRS2, SRS3, SRS4 in Figure4) to be transmitted after PRS measurement (e.g. PRS0 in Figure4). Then, since the accurate UL time stamp is uncertain at the moment of PRS measurement due to TA change, the UE has to wait for 4 SRS instances to be transmitted, so that it can determine the Rx-Tx time difference measurements associated with UL timestamp. However, when the LMF wants to couple the latest PRS measurement (e.g. PRS0) with previous SRS transmission (e.g. SRS0) to perform quick RTT calculation, the latency cannot be ensured.
· Besides, when the PRS period is large enough and the SRS period is small enough, then there are multiple SRS instances between two PRS instances, as shown in Figure4. In this figure, if there are multiple TA changes between two PRS occasion, the UE may report additional Rx-Tx time difference measurements corresponding to at most 4 UL time stamps. For example, based on current specification, for each DL time stamp, a UE may report 4 Rx-Tx time difference measurements each associated with a PRS resource of certain TRP. Then, we take Option 1 into account to compensate 4 TA values into previous DL measurement and associate with corresponding UL time stamps. In the end, we will get 16 Rx-Tx time difference measurements to be reported. The report overhead is large.
For Option 2, the definition of ‘Rx-Tx time difference’ is not changed, and UE may report Rx-Tx time difference measurements and TA change information separately.
· From the perspective of latency and flexibility, we think it is better than Option 1. The LMF can freely combine the downlink and uplink measurements, and consider the change of TA in the calculation. 
· Then, the report overhead of TA change information report is less than Option 1. We still take Figure 4 as an example. On the one hand, separately reporting DL measurement and TA change information only requires UE to report 4 Rx-Tx time difference measurements and at most 4 TA change values each associated with its own UL time stamp. On the other hand, considering that the granularity of timing adjustment is relatively coarse, UE does not need to use much bits to ensure fine granularity. Compared with compensating TA values into Rx-Tx time difference measurement, it has less overhead.
· In addition, there are some concerns about Option 2, e.g. Option 2 can ‘disclose’ the UE-implementation TA. We don’t think so, since it doesn’t require the UE to report TA change information every time TA change happens, but require the UE to report the total UL timing change information between 2 SRS instances, during which time UE autonomous or MAC CE based TA changes may have occurred many times. Furthermore, the UL timestamp associated with each TA change information is related to SRS instances instead of the time when TA change happens. Therefore, our view is that the TA change report cannot ‘disclose’ the UE-implementation TA.
For Option 3, it may be a combination of Option1 and Option2. We don’t think it is a valid option, since up to UE implementation to determine whether compensating TA change information into Rx-Tx time difference measurement or including TA change information in Rx-Tx time difference measurement report is weird to us. 
Therefore, Option 2 is our choice. Furthermore, regarding Option 2A and Option 2B, from our point of view, ‘UE Tx TEG report’ is better than ‘UE Rx-Tx measurement report’, since TA changes is uplink related and it is likely separately report associated with SRS transmission, which is more aligned with Tx TEG change report. So, Option 2A is preferred. 
In addition, regarding the note in Option 2 ‘Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred’, the description doesn't seem so accurate. The reason is that if TA change happens multiple times between 2 SRS time occasions, what makes sense is to report the TA change information corresponding to the Tx timing change of the 2 SRS transmission, rather than Tx Timing change with a timestamp that this change occurred. Therefore, we propose to revise the note to ‘Note: TA change information corresponds to: SRS Tx Timing change with a timestamp corresponding to the SRS time occasion where change occurred’. 
Therefore, we propose:
Proposal 9: 
· Support Option 2 related to the UE Rx-Tx time difference with the following modifications.
	Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: SRS Tx Timing change with a timestamp that this change occurred corresponding to the SRS time occasion where change occurred.


UE and TRP measurements enhancement
In RAN1#104e and RAN1#106e, the following agreements related to UE and TRP measurements enhancement were achieved.
	Agreement ( RAN1#104e)
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.

Agreement (RAN1#106e)
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.


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/TRP.
Proposal 10: 
· The UE or the TRP can be configured to report more than one measurement instances in a single measurement report to the LMF.
In addition, for measurement time window discussed in previous meetings, 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.


Figure6 The most recent measurement instance to be report
Proposal 11: 
· 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 [2], 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 12: 
· 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.
Furthermore, for N instances of the DL PRS resource set on a PRS resource in one UE measurement instance, in order to obtain relatively robust measurement results, the UE may perform joint processing (e.g. average) on the PRS of these N instances, then obtain a RSTD/Rx-Tx measurement for the PRS resource and associate it with a time stamp. However, considering potential TEG variation across different instances, if the UE performs joint processing on multiple PRS instances associated with different TEGs, unnecessary measurement error will be introduced. Therefore, we propose that for N instances of the DL PRS resource set on a PRS resource in one UE measurement instance, the same TEG across N instances should be ensured, wherein, the TEG includes UE Rx TEG and TRP Tx TEG. Corresondingly, for M SRS measurement time occasions in one TRP measurement instance, the same TEG across M instances should be ensured, wherein, the TEG includes TRP Rx TEG and UE Tx TEG.
Proposal 13: 
· For N instances of the DL PRS resource set on a PRS resource in one UE measurement instance, the same TEG across N instances should be ensured, wherein, the TEG includes UE Rx TEG and TRP Tx TEG.
· For M SRS measurement time occasions in one TRP measurement instance, the same TEG across M instances should be ensured, wherein, the TEG includes TRP Rx TEG and UE Tx TEG.
Based on the discussion above, to ensure the same Rx TEG across N PRS instances, the size of N is difficult to be fully controlled by the LMF, since the UE Rx TEG information is determined by the UE (e.g. Rx panel change). Therefore, we propose that N can be recommended by the LMF, but determined by the UE. If the Rx TEG information of the N PRS instances configured by the network are the same, the UE can determine the measurement intance based on the configured N PRS instances; otherwise, the UE can determine the number of PRS intances in one measurement instance by itself, and report related information(e.g. the number of PRS instances in the measurement instance, time stamp etc.). For the gNB side, the similar behavior can be considered. 
Proposal 14: 
· For N instances of the DL-PRS Resource Set within one UE measurement instance, N can be recommended by the LMF and determined by the UE.
· For M SRS measurement time occasions within one TRP measurement instance, M can be recommended by the LMF and determined by the TRP.
Conclusion
In this contribution, we discuss methods for Rx/Tx timing mitigating with the following observations and proposals.
Proposal 1: 
· The UE can be requested to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF.
Proposal 2: 
· Regarding UE reporting RSTD measurements associated with different Rx TEG for a PRS resource of a TRP, support the following
· The TRP can be either a ‘RSTD’ reference TRP or a neighbor TRP
· The time stamps of multiple RSTD measurements time stamp can be the same or different
Proposal 3: 
· Support the LMF to request a UE to provide the report of the association information between UE Tx TEG IDs and positioning SRS/PRS resources whenever the UE determines the previous association information is no longer valid.
· For adjacent 2 triggered reports, the LMF can assume that Tx TEG information associated SRS transmission is relatively stable from the last SRS instance before the previous report to the penultimate SRS instance before the next report.
Proposal 4: 
· Support LMF to forward the UE Tx TEG information associated with SRS resource(s) provided by the UE to the serving and neighboring gNBs.
Proposal 5: 
· Support the UE to directly provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF via LPP message.
Proposal 6: 
· 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 can be supported if the gNB is able to measure SRS resoures associated different UE Tx TEGs.
Proposal 7: 
· Regarding association information of Tx TEG for mitigating UE Tx/Rx timing errors in DL+UL positioning, support Alt.3: a Tx TEG ID is associated with one or more UL SRS resources for positioning.
Proposal 8: 
· For mitigating UE Rx/Tx timing errors for DL+UL positioning, up to UE capability, the following should be supported.
· UE providing the association information of UE Rx TEG(s) with each UE Rx-Tx time difference measurements to LMF.
· UE providing the association information of UE Tx TEG(s) with all UL Positioning SRS resources to LMF.
· UE providing the mapping information of UE {Rx TEG ID, Tx TEG ID} to UE RxTx TEG IDs to LMF.
Proposal 9: 
· Support Option 2 related to the UE Rx-Tx time difference with the following modifications.
	Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: SRS Tx Timing change with a timestamp that this change occurred corresponding to the SRS time occasion where change occurred.


Proposal 10: 
· The UE or the TRP can be configured to report more than one measurement instances in a single measurement report to the LMF.
Proposal 11: 
· 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 12: 
· 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.
Proposal 13: 
· For N instances of the DL PRS resource set on a PRS resource in one UE measurement instance, the same TEG across N instances should be ensured, wherein, the TEG includes UE Rx TEG and TRP Tx TEG.
· [bookmark: _GoBack]For M SRS measurement time occasions in one TRP measurement instance, the same TEG across M instances should be ensured, wherein, the TEG includes TRP Rx TEG and UE Tx TEG.
Proposal 14: 
· For N instances of the DL-PRS Resource Set within one UE measurement instance, N can be recommended by the LMF and determined by the UE.
· For M SRS measurement time occasions within one TRP measurement instance, M can be recommended by the LMF and determined by the TRP.
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