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Introduction
In RAN1#106b-e meeting, the following agreements/working assumption were made on mitigation of UE/gNB Rx/Tx timing errors [1]:
	Working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.
Agreement:
Make the following modification on the previous agreement made in RAN#106e:
· 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.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· 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.
· M = [2, 3, 4, 6, 8] (FFS: other values)
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 
Agreement:
· For mitigating TRP Tx/Rx timing errors for DL+UL positioning, when a gNB reports a gNB Rx-Tx time difference measurement, the gNB can support either or both of the following options:
· Option 1: Reporting of a TRP RxTx TEG ID, and optionally a TRP Tx TEG ID
· Option 2: Reporting of a TRP Rx TEG ID and a TRP Tx TEG ID
· Note: The TRP Rx TEG ID is associated with one UL positioning SRS resource (or more UL positioning SRS resources) corresponding to the Rx time of the gNB Rx-Tx time difference measurement.
· If a TRP Tx TEG ID is reported with a gNB Rx-Tx time difference measurement, the gNB also reports the association of the TRP Tx TEG ID to the DL PRS resource(s) to the LMF under the condition that the TRP has more than one DL PRS resource.
· FFS: how the association of the Tx TEG ID to the DL PRS resource(s) is determined by the TRP and how the association is reported to the LMF.
· FFS: details of the signalling
[bookmark: _Hlk85578921]Agreement:
· Support the following parameters and values related to the accuracy enhancement for mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors:
	Parameter Description
	Values in specifications (e.g., TS 37.355, TS 38.455)
	Values that can be signaled as part of UE Capability
	Comments

	The maximum number of UE RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT] 
	[32]
 
	[1, 2,4,6,8,12,16,24,32]
FFS: per UE/band /FL/FR
	The parameter is used for supporting DL-TDOA and/or Multi-RTT

	The maximum number of UE TxTEGs [for UL-TDOA and/or Multi-RTT] 
	[8]
	[1, 2,4,6,8]
FFS: per UE/band /FL/FR
	The parameter is used for supporting UL-TDOA and/or Multi-RTT

	The maximum number of UE-RxTx TEGs 
	[256]

	[1, 2,4,6,8,12,16,24,32,64, 128, 256]
FFS: per UE/band /FL/FR
	The parameter is used for supporting Multi-RTT


· Note: Above proposal does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.


In this contribution, we continually provide our views on the remaining issues left.
Methods for mitigating gNB/UE Rx/Tx timing errors
Association information of SRS resources and UE Tx TEGs
During previous RAN1 meetings, the issue on how to report the association information of SRS resources and UE Tx TEGs were intensively discussed. As companies expressed quite different views, for making progress, a working assumption was agreed to take different options for UL-TDOA and multi-RTT as a comprise solution:
	Working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.


Though companies believed that it is quite a pity to go different choice with different positioning method, it seems that the working assumption is the only way forward we can all accept to break the deadlock during the discussion, so that we support to confirm the working assumption.
There is one remaining issue on how to consider the case when hybrid positioning with multi-RTT, UL-TDOA and/or DL-TDOA is configured. During the discussion, one rationale of requesting UE to provide the association information to serving gNB via RRC signalling for UL-TDOA is that, a UE only allows UL-TDOA positioning may not be capable of supporting LPP signalling, and therefore it is the serving gNB to ask UE to provide the association information. Considering hybrid positioning is configured, e.g., both DL-TDOA and UL-TDOA is used, it indicates that both capabilities (reporting via RRC and LPP) is supported by the UE. In such a case, we think that a reasonable solution is up to LMF to decide how and which route to provide the association information, and we don’t think it should mandate the UE to report the association information through LPP.
Proposal 1: Confirm the following working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
Proposal 2: When hybrid positioning including Multi-RTT, UL-TDOA and/or DL-TDOA is used, it is up to LMF to indicate how to provide the association information of UL SRS resources for positioning with Tx TEGs.

Impact of TA on UL measurements
[bookmark: _GoBack]In the last RAN1 meeting, rounds of discussions were proceeded on options to solve the TA impact, and the latest proposal on the table was [2]:
	(Round 3) Proposal 3.3-2a(H)
· 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 2A: The TA change information is included in the UE Tx TEG report
· Option 2B: 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: 
· Send an LS to RAN4, requesting RAN4 to make the decision to select Option 1 or Option 2
· If RAN1 makes the decision to adopt either Option 1 or Option 2, send an LS to RAN4 to check if RAN4 has any issue to support the option


In our understanding, the main difference between Option 1 and Option 2 is whether or not the UE compensates TA adjustment by itself, and both options could work. Since during the discussion, companies shared common understanding that Option 3 would be the last resort, and RAN1 should try to down-select between Option 1 or Option 2, and in such sense, we prefer Option 1 over Option 2. Option 2 asks the UE to report TA change to the LMF, and it requires additional work to specify the reporting granularity, reporting requirements, etc. If the UE changes the TA frequently, or gradually adjusts the TA across multiple subframes, Option 2 may introduce more overhead than Option 1.
Proposal 3: Support Option 1 related to the UE Rx-Tx time difference:
· 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.

Measurement time window
In RAN1#106e meeting, the following agreement was made on the measurement time window configuration:
	Agreement
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.


This issue was discussed across several meetings, and companies still had quite different views on it. During the last meeting, proponents stated that the necessity to configure the measurement time window mainly lies in that it can ensure both UE and gNB to align the timing of the measurement. In our views, unless the MTW is set to one instance (where no averaging across multiple PRS/SRS occasions is performed when UE does the measurement), otherwise, additional restrictions has to be introduced on UE behaviour of TA adjustment, as the LMF does not know when the UE may adjust its TA and therefore it has no idea of how to configure the MTW to ensure that no TA adjustment happens within the window. However, at the stage of end of Rel-17, we don’t think that additional restrictions should be introduced to UE behaviour on TA adjustment. To solve the potential issue, we can either rely on the enhancement on the impact of TA on UL measurements discussed above, or we can simply agree that if TA adjustment is made within an MTW, the measurement is not valid and no reporting is expected. We think that the configuration of the MTW can help estimate and mitigate the impact of the timing drift at both UE and gNB side. By configuration of the MTW at UE and gNB, the LMF can adopt double-sided RTT (similar as that adopted in UWB) to mitigate the impact of timing/clock drift, and therefore improve the timing estimation accuracy.
Proposal 4: Support both of the following options:
· 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.
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In this contribution, we discuss solutions to mitigate the gNB/UE timing errors, and the following and proposals are provided:
Proposal 1: Confirm the following working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
Proposal 2: When hybrid positioning including Multi-RTT, UL-TDOA and/or DL-TDOA is used, it is up to LMF to indicate how to provide the association information of UL SRS resources for positioning with Tx TEGs.
Proposal 3: Support Option 1 related to the UE Rx-Tx time difference:
· 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.
Proposal 4: Support both of the following options:
· 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.
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