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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#100-e meeting, the discussions on timing delay mitigation were mainly focused on reply to RAN1 LS [1]. The RRM requirements for timing delay mitigation were also initially discussed. Following agreements were reached and captured in [2].
	Sub-topic 1-1 Clarification on the denition of TEGs
Issue 1-1-1 Framework of TEG
Agreements:
Common understanding: TEG framework enables association information without limiting implementation to ensure that the timing error difference between measurements/transmissions associated to the same TEG are within a certain margin. 
Issue 1-1-3 On the absolute timing error
Agreements:
It is not necessary to know the absolute timing error for UE Rx/Tx TEG.
Sub-topic 1-2 Feasibility of TEG grouping
Issue 1-2-1 Feasibility of TEGs for timing error mitigation mechanism
Agreements:
· Confirm that the timing error mitigation mechanism defined by RAN1 is feasible for both UE Rx/Tx and gNB Rx/Tx.
· UE/TRP may group the timing errors for UE/TRP Rx/Tx (e.g., based on RF chains and antenna panel) such that timing error difference in the same group is within a certain margin
· FFS on RRM requirements for timing error mitigation mechanism, timing error grouping method, criteria and margin. FFS if any specific UE behavior will be defined.
Sub-topic 1-4 Applicability of TEG with gNB/TRP and UE
Agreements: 
RAN4 discussion is based on that TEG is applicable for both TRP and UE. 


We provided views on timing delay mitigation in [3, 4] in the past meetings. In this contribution, we further provide our views on timing delay mitigation for R17 NR positioning enhancement.

2. Discussion
”DL measurement” in the definition of UE Rx TEGs for RSTD measurements
RAN4 discussed the “DL measurements” in the definition of UE Rx TEGs for RSTD measurements.
	Issue 1-1-2 Clarification about”DL measurement” in the definition of UE Rx TEGs. 
FFS: 
· It is RAN4 understanding that “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different TEGs)



 RAN1 made agreements on UE Rx TEG for RSTD measurements as follows.
	· 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


According to RAN1 agreements, an UR Rx TEG ID is associated with each DL RSTD measurement and one UE Rx TEG ID is for the RSTD reference time additionally. So, we cannot directly draw the conclusion that “DL measurement” in the UE Rx TEG for RSTD measurement refers to TOA measurements.
There is no definition of TOA measurements. In terms of TOA measurements, our understanding is that it refers to measurement of ‘receive time’ from reference TP and measurement of ‘receive time’ from target TP respectively in the context of RSTD measurements. The measurement on reference TP and target TP may be performed with same Rx TEG or different Rx TEG. 
The UE Rx TEG ID for the RSTD reference time may imply TOA measurements for reference TP, but UE Rx TEG ID for each DL RSTD measurement may have different understanding that UE Rx TEG may refer to either RSTD measurements itself or TOA measurements of target TP. In our view the UE Rx TEG ID for the RSTD reference time should be linked to each one of UE Rx TEG ID for each DL RSTD measurement in the report. With this the UE Rx TEG ID for RSTD measurements imply the TOA measurements of target TP under the condition of combining the UE Rx TEG ID for the RSTD reference time together.
However, we may not make conclusion in RAN4 that “DL measurements” in the definition of Rx TEGs refers to TOA measurements because there is no definition of TOA measurements. RAN4 RRM requirements are defined, if will be, under the assumption that reference cell and target cell measurements for RSTD can be associated with different TEGs.
Proposal 1: RAN4 RRM requirements for time delay mitigation are defined with the assumption that reference cell and target cell measurements for RSTD can be associated with different TEGs.

RRM requirements for verifying the timing error mitigation
There was initial discussion on whether and how to define RRM requirements for verifying the timing error mitigation 
	Issue 1-5-1 RRM requirements for verifying the timing error mitigation
FFS: 
· Option 1: (CATT, ZTE, Qualcomm, OPPO)
· The testability of this approach on mitigating TRP/UE Tx/Rx timing errors should be considered. 
· Option 2: (vivo, Ericsson, Qualcomm, Nokia, OPPO)
· RAN4 is to further study whether RRM requirements for timing error mitigation are needed.
· Option 3: (Huawei)
· RAN4 concludes no impacts on core requirements from the TEG framework.
· RAN4 to discuss whether and how to define new accuracy requirements for the TEG framework in the Performance part.


Since UE TEGs association to DL measurements or transmission of SRS resources are UE implementation dependent, it would be better to define RRM measurement requirements to ensure the association is reasonable in terms of for better positioning accuracy.
There would be two criteria to verify UE TEG association.
Rule 1: Timing error of the measurement results associated to one TEG are supposed to be within certain timing error margin;
Rule 2: Timing error of the measurement results associated to different TEGs are supposed to be within different timing error margin ranges;
Rule 1 is to ensure timing error difference with one TEG is not too large so that final better positioning accuracy is achieved after timing error mitigation. Rule 2 is to avoid larger number of TEGs that can actually be further grouped by following timing error margins associated to TEGs that is to be determined. 
From testability point of view, it needs further study. It may be possible if PRS resources and/or SRS resources are correctly configured.
It would be fine if such requirements for testing correctness of TEGs association are considered as performance requirements.
Proposal 1: RRM requirements for testing association of TEGs could be discussed based on following rules.
Rule 1: Timing error of the measurement results associated to one TEG is supposed to be within certain timing error margin;
Rule 2: Timing error of the measurement results associated to different TEGs are supposed to be within different timing error margin ranges;
Proposal 2: RAN4 to further study testability of approach, if there is one agreeable, for timing error mitigation.

UE/TRP behaviour 
	Issue 1-5-2 UE and TRP behaviours that need to be discussed and specified in RAN4
FFS: 
· Option 1: (Qualcomm)
· The following UE and TRP behaviors related to the application of TEGs need to be discussed and specified by RAN4:
· The maximum number of TEGs that a UE/TRP may configure at any given time.
· Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
· How to indicate the association of RS resource instances to Tx TEGs.
· In general, specify the temporal scope or validity of TEG configurations, e.g. per measurement report, positioning session/request or as signaled by the UE/TRP.
· How to report a measurement/resource that cannot be associated to any TEG.
· Whether a measurement or RS resource could be mapped to multiple TEGs.


In our understanding, most of the behaviours should be and have already been discussed in RAN1.
· The maximum number of TEGs that a UE/TRP may configure at any given time.
The maximum number of TEGs that a UE/TRP may be configured should be based on UE capability. Furthermore, we don’t think it should change from time to time.
· Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
It can be configured together according to RAN1 following agreements.
	For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE should support, up to UE capability, either one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID 
· 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 Rx TEG ID and UE Tx TEG ID. 
·  



· How to indicate the association of RS resource instances to Tx TEGs.
We think this is up to RAN1 to decide.
· Whether a measurement or RS resource could be mapped to multiple TEGs
In our understanding, a measurement or RS resource could be mapped to multiple TEGs according to following RAN1 agreements.
	· 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


Observation 1: Regarding UE behavior for timing error mitigation
· The maximum number of TEGs that a UE/TRP may be configured should be based on UE capability and the number would not change from time to time.
· Rx TEGs and RxTx TEGs can be configured (including timing error margins) within a measurement report
· How to indicate the association of RS resource instances to Tx TEGs is up to RAN1.
· A measurement or RS resource could be mapped to multiple TEGs

Timing error margin
	Issue 1-2-2 The values of timing error margins associated with TEGs.
FFS: 
· Option 1: (Qualcomm, CATT, vivo, Ericsson, ZTE)
· It is within RAN4 scope to recommend a useful range of values for timing error margins associated with TEGs.
· Option 1a: (Qualcomm, Ericsson)
· Configuring TEGs with different timing error margins, subject to UE capability, should be supported.
· Option 2: (Huawei, Intel, Nokia)
· FFS


In our view, timing error margins are needed to differentiate TEGs. RRM requirements to verify TEG association would also need to be dependent of timing error margins. It is necessary that RAN4 is to determine a range of values.
Proposal 3: RAN4 to recommend a range of values for timing error margins associated with TEGs.

Time variant TEGs
	Issue 1-3-2 Whether to define time variant (semi-static or dynamic) TEGs?
FFS: 
· Option 1: No (vivo, CATT, Nokia, OPPO, ZTE)
· The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG. 
· Option 2: Yes (Qualcomm)
· Semi-static or dynamic TEGs configured within the context of a given assistance data, location request, measurement report, or other suitable time period, would be preferable to static TEG configurations.
· Option 3: (Huawei)
· Timing error is time varying and determination of TEG validity over time can be left to LMF implementation.
· Option 4: (Intel, Ericsson)
· Depending on implementation and RAN1 outcome.


In our understanding the timing errors may be dynamic for UE Rx/Tx and gNB Rx/Tx. It could change over temperatures for example. Timing errors are also sensitive to frequency. There could be different calibration error for different frequencies. But how it could affect timing error mitigation mechanism needs further discussion.
As we analysed above, the timing error grouping is UE implementation dependent. It is not practical for UE to take temperature into consideration when determining TEGs, which of course is allowed to do so. In general, the temperature is not expected to change fast in a short period of time when the measurements are performed.  For other conditions that lead to dynamic timing error, the same assumption could be made that UE should not be required to monitor these dynamic changes. Moreover, if UE group measurements with same antenna and same RF chain into one TEG, then dynamic changes of timing error would not affect the TEG at all.
If timing error changes statically or semi-statically, UE can always group two measurements into one TEG as long as UE can guarantee the timing error are within certain error limit. There is no need for UE to know the absolute Rx/Tx timing error.
Proposal 4: The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on timing error mitigation mechanisms. Based on analysis following observations and proposals are present.
Proposal 1: RRM requirements for testing association of TEGs could be discussed based on following rules.
Rule 1: Timing error of the measurement results associated to one TEG is supposed to be within certain timing error margin;
Rule 2: Timing error of the measurement results associated to different TEGs are supposed to be within different timing error margin ranges;
Proposal 2: RAN4 to further study testability of approach, if there is one agreeable, for timing error mitigation.
Proposal 3: RAN4 to recommend a range of values for timing error margins associated with TEGs.
Proposal 4: The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG.
Observation 1: Regarding UE behavior for timing error mitigation
· The maximum number of TEGs that a UE/TRP may be configured should be based on UE capability and the number would not change from time to time.
· Rx TEGs and RxTx TEGs can be configured (including timing error margins) within a measurement report
· How to indicate the association of RS resource instances to Tx TEGs is up to RAN1.
· A measurement or RS resource could be mapped to multiple TEGs
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