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Introduction
In RAN1#107-e meeting, there were still some remaining issues on the UE/gNB Rx/Tx timing error mitigation, and in this contribution, we continually provide our views on these issues.
Remaining issues on timing error mitigation
[bookmark: _Ref31533076]UE Tx TEG sweeping
In RAN1#107-e meeting, the following agreements were made [1]. It allows a UE with multiple Rx TEGs to optionally measure the same DL PRS resource with different Rx TEGs and report corresponding timing measurements, in order to let LMF obtain the timing error difference between two UE Rx TEGs:
	Agreement
Make the following modification on the previous agreement made in RAN#106bis-e:
· 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, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its 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)  applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· 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
· 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 UE Rx-Tx time difference measurements.
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.
· 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 gNB Rx-Tx time difference measurements.
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources.
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources
· FFS: details of the signalling, procedures
· The timestamps of the multiple gNB Rx-Tx time difference measurements in the same measurement report can be the same or different. 


For a UE with multiple Tx TEGs, a symmetric mechanism should be supported. In the last RAN1 meeting, it was proposed to support SRS for positioning with “antenna switching” as an optional UE capability to solve this issue; however, due to limited inputs and comments, the issue was treated as low priority. 
Support SRS for positioning with “antenna switching” enables a UE to transmit N SRS pos resources using N different Tx TEGs in turn towards a same TRP, and therefore allows the LMF to estimate and mitigate the UE Tx TEG timing error difference. In our views, as we have enabled the LMF to request the UE to optionally measure the same DL PRS resources of a TRP with N different UE Rx TEGs to mitigate the UE Rx TEG timing error difference, it would be reasonable to introduce a symmetric design for Tx TEG. In R17 positioning enhancement, one of the key targets is to improve the positioning accuracy for IIoT use cases, where it is highly possible that the new type of IIoT devices are implemented with multiple antenna panels, i.e., with multiple Tx TEGs. In such cases, the timing error differences between different UE Tx TEGs may have great impact on the performance of the timing-based positioning scheme, and to support the UE Tx TEG sweeping is a critical solution to mitigate the timing errors.
[bookmark: _GoBack]During the discussion in previous RAN1 meetings, some companies argued that the whole feature was not necessary, as the problem can be solved by NW implementation. In RAN1, we have agreed to 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. With this mechanism, the TRPs report timing measurements associated with corresponding SRS pos resources, and then the LMF is able to link the timing measurements with the UE Tx TEGs. Ideally, as long as one TRP measures SRS pos resources sent by different UE Tx TEGs, the LMF can obtain the corresponding timing error differences. However, as no UE behaviour is defined, there may exist some case when the problem cannot be addressed by implementation. As shown in the following figures, suppose that the UE has two Tx TEGs, and the NW configures two SRS pos resources within a resource set. Up to UE implementation, the UE may send the SRS resources in the way shown in Figure 1(a). Then, the timing error difference between the two UE Tx TEGs can no longer be mitigated for RSTD between TRP 2/3 and TRP 1. On the other hand, by supporting UE Tx TEG sweeping as illustrated in Figure 1(b), the NW indicates the UE to transmit the two SRS resources using Tx TEG sweeping, then further mitigation on the timing error difference is feasible. 
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Figure 1(a). Up to UE implementation                   Figure 1(b). UE Tx TEG sweeping
Therefore, we propose to support UE Tx TEG sweeping as an optional UE capability.
Proposal 1: Support UE Tx TEG sweeping as an optional UE capability:
· Introduce a new indication for UE sending N SRS pos resources by using N different UE Tx TEGs in turn

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 till the end of the R17, and unfortunately, companies still had quite different views on it, and no consensus was reached to support the configuration of measurement time window. 
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 2: 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.

Conclusions
In this contribution, we provide our views on the remaining issues on UE/gNB Rx/Tx timing error mitigation, and the following proposals are made:
Proposal 1: Support UE Tx TEG sweeping as an optional UE capability:
· Introduce a new indication for UE sending N SRS pos resources by using N different UE Tx TEGs in turn
Proposal 2: 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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