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Introduction
RAN4 continued discussing Rel-17 NR positioning enhancements for UE Rx/Tx timing error mitigation in RAN4#101-bis-e. Agreements and open issues were captured in a WF [1]. 
The values of timing error margins associated with Rx TEGs for UE/TRP
· Agreements in GTW (1.19)
· A single timing error margin is associated with each Rx TEG 
· FFS if same or different margins are used for measurements with different time stamps
· FFS: whether the timing error margin is the same or not for all Rx TEGs if UE/TRP has multiple TEGs
The values of timing error margins associated with UE Tx TEGs
Agreements:
· The values of timing error margins associated with UE/TRP Tx TEGs need to be defined in RAN4. 
· The values of timing error margins associated with UE/TRP RxTx TEGs need to be defined in RAN4. 
· FFS whether to reuse the values of UE/TRP Rx TEG. 
Approaches for LMF acquiring the timing error margins associated with TEGs of UE/TRP
Agreements:
· RAN4 define the possible timing error margin(s) in TS 38.133. 
· FFS whether NW can configure requested margins to UE/TRP based on demand.
· FFS whether UE/TRP need to report used margins to NW based on implementation. 
Whether to define time-variant (semi-static or dynamic) Rx TEGs
Agreements:
· The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided. And it applies only to the measurements that are tagged with the corresponding Rx TEG ID.

The impact of Rx TEGs on measurement requirements and accuracy requirements
Agreements: 
· FFS: There is no impact on the core requirements from TEG framework. 
· Whether and how to define accuracy requirements for the TEG framework will be discussed in performance part.
Testing requirements for verifying the timing error mitigation
Agreements: 
· Wait for further progress and decide whether to define new tests in performance part.
How to decide when the Tx TEG association is changed
Agreements: 
· The UE Tx TEG association between UE Tx TEG IDs and SRS resources for positioning is up to UE implementation, so it is not necessary and practical to define the condition when the TEG association is changed. 
How to handle the case when the Tx TEG association is changed
Agreements: 
· The issue is within RAN2 scope.

We will discuss the following topics in this contribution.
· Timing error margins associated with TEGs
· Configuration of TEGs
· RRM requirements
Timing error margins associated with TEGs
RAN4 continued discussing timing error margins for TEGs in RAN4#101-bis-e and considerable progress was made, as shown by the above agreements. Related open issues captured in the WF [1] will be discussed in this section.
The values of timing error margins associated with Rx TEGs for UE/TRP
Open issue: 
· Option A: (Qualcomm, Nokia)
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with multiple values (M1, M2, …), which means the timing error difference between the measurements within the TEG#i is within the margin Mi where i=1,2,…. 
· Mi is selected from {TE1, TE2, …}
· Mi can be same as or different from each other
· Step #3: UE/TRP reports the corresponding margin together with Rx TEG ID during the measurement report. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM accuracy requirements will be defined based on the different values {TE1, TE2, …}. 
· Option C: (Ericsson, OPPO, Intel, Nokia)
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value  M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· M is selected from {TE1, TE2, …}
· Step #3: UE/TRP reports selected margin M before the measurement (e.g. after receiving the location request) and only report the Rx TEG ID during the measurement report. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided. 
· Step #5: RRM accuracy requirements will be defined based on the different values {TE1, TE2, …}. 
· Step #6: FFS whether NW can configure requested margin to UE/TRP based on positioning demand.
· Option D (HW): 
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: LMF selects one value M from {TE1, TE2, …} and indicate to UE/TRP
· Step #3: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value  M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM requirements will be defined based on the different values {TE1, TE2, …}. 

For the issue above, our view aligns with option A. Given that RAN4 has agreed to define multiple values of timing error margins and also agreed that the grouping of measurements or signals into TEGs is up to UE/TRP implementation, we believe it would be beneficial to allow the UE/TRP to use multiple timing error values for TEGs within a measurement report. At the same time, since TEGs are reported for the benefit of the positioning engine, we understand that for UE-assisted positioning it would be reasonable for the LMF to recommend either a subset of values or a maximum value for timing error margins that the UE should use/report.
Proposal 1: The UE/TRP selects the timing error margins for TEGs by itself, from a set of values defined in the specification, based on its implementation.
Proposal 2: The UE/TRP can select a different timing error margin value for each TEG.
Proposal 3: For UE-assisted positioning, the LMF may recommend a subset of values or a maximum value of timing error margin that the UE may use when it reports TEGs.
Regarding the feasible values of timing error margins for TEGs, we think it would be beneficial for RAN4 to first finalize delay calibration error margins RSTD and UE Rx-Tx measurements in Rel 16. The timing error margins for Rel-17 TEGs should be a fraction of those margins so that the higher accuracy positioning may be enabled by configuring TEGs.
Proposal 4: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on timing error margins for Rx, RxTx and Tx TEGs.



Configuration of TEGs
The issue of time validity or time scope of TEGs was discussed further in RAN4#101-bis-e and the following agreement was reached for Rx TEGs [1].
 Whether to define time-variant (semi-static or dynamic) Rx TEGs
Agreements:
The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided. And it applies only to the measurements that are tagged with the corresponding Rx TEG ID.

The same question needs to be answered for Tx and RxTx TEGs, as shown below.
Whether to define time-variant (semi-static or dynamic) Tx and RxTx TEGs? 
Open issue: 
· Option 1:  Use the same approach as Rx TEG for time-variant (semi-static or dynamic) Tx TEGs and RxTx TEGs
· Option 2: The association change of Tx TEGs and RxTx TEGs is up to RAN2. 

For RxTx TEGs, in our view it is possible to reuse the same approach as for Rx TEGs since both types of TEGs are associated with DL PRS measurements. Our understanding is that the signaling introduced to indicate association of measurements to either type of TEG will be similar.
Proposal 5: Use the same approach as Rx TEG for time-variant (semi-static or dynamic) RxTx TEGs.
For UE Tx TEGs, according to RAN1 agreements there would be two ways of reporting them to the LMF or gNB. One option would be for the UE to include Tx TEGs in a measurement report. Another option, at least for UL TDOA, is for the UE to report association of SRS resources with Tx TEGs periodically  via a separate report to the gNB [2]. Also, as RAN4 discussed and agreed in RAN4#101-bis-e, it is up to RAN2 to decide how (e.g. using timestamps) to indicate when the association of SRS to TEGs has changed. It is not clear whether RAN2 will choose the same signaling when TEGs are included in a multi-RTT measurement report or a separate periodic report to the gNB. RAN4 should wait for more progress in RAN2.
Proposal 6: RAN4 should wait until RAN2 makes further progress on how to signal a change in association between SRS resources to Tx TEGs.



RRM requirements
In this section we discuss two open issues concerning RRM requirements associated with TEGs.
The first issue is how to report measurements/transmissions that are not associated with any TEG. Options from the RAN4#101-bis-e WF are listed below [1]. From a requirements perspective, we understand that association of transmissions/measurements to TEGs is optional. i.e. not every reported measurement has to be associated with a TEG. By default, if a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing error between said measurement/signal and other measurement/signals can be made beyond what is implied by measurement accuracy requirements in Rel-16. This point has been confirmed by RAN1 in the definition of the UE capability [3]:“If the UE does not include RxTEG-ID associated with a measurement, no assumption can be made on the UE Rx timing errors for this measurement.”
If this is a question about signaling, note that UEs that do not support TEGs will not report any association of measurements/transmissions to TEGs. Clearly this behavior must be supported by signalling; indeed, it is already supported in Rel-16. We support option 2 below.
How to report transmissions/measurements which cannot be associated with any TEG
Open issue: 
· Option 1: (CATT, ZTE, Huawei, vivo, Ericsson)
· Whether and how to report the measurement without TEG association should be within RAN1/2 scope. 
· Option 2: (Qualcomm, Ericsson, Nokia, OPPO)
· Association of transmissions/measurements to TEGs is optional. 
· If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurement/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.(Qualcomm)

Proposal 7: Association of transmissions/measurements to TEGs is optional. If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurements/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.
The second issue concerns potential impact to core requirements from the RAN1 agreement below. The agreement states that the LMF can request the 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.” Unless the UE is capable of performing measurements of the same PRS resource simultaneously, the UE would need more time to perform and report multiple measurements that are each associated with a different TEG.
Even if the UE supports such a capability, it is not clear whether the UE would be able to report multiple measurements of a PRS resource in the same amount time implied by its advertised PRS processing capability (N, T, N’). If the UE supports multiple Rx TEGs, does the UE need to take into account the potential multiple number of measurements per PRS resource that the LMF may request when it advertises its PRS processing capability? This seems unlikely since the reporting of such multiple measurements is optional. In our view, the most straightforward way to address this issue is to allow the measurement period to be extended.  

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. 


Proposal 8: Subject to UE capability, if the LMF requests the 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, the measurement period shall be extended. FFS whether a detailed measurement period requirement is specified in that case.
Conclusions
Proposal 1: The UE/TRP selects the timing error margins for TEGs by itself, from a set of values defined in the specification, based on its implementation.
Proposal 2: The UE/TRP can select a different timing error margin value for each TEG.
Proposal 3: For UE-assisted positioning, the LMF may recommend a subset of values or a maximum value of timing error margin that the UE may use when it reports TEGs.
Proposal 4: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on timing error margins for Rx, RxTx and Tx TEGs.
Proposal 5: Use the same approach as Rx TEG for time-variant (semi-static or dynamic) RxTx TEGs.
Proposal 6: RAN4 should wait until RAN2 makes further progress on how to signal a change in association between SRS resources to Tx TEGs.
Proposal 7: Association of transmissions/measurements to TEGs is optional. If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurements/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.
Proposal 8: Subject to UE capability, if the LMF requests the 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, the measurement period shall be extended. FFS whether a detailed measurement period requirement is specified in that case.
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