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Introduction
In the RAN4#101-e meeting, the timing delay mitigation was discussed. The following agreements were captured in [1]. 

	Issue 1-1-1 Clarification about ”DL measurement” in the definition of UE Rx TEGs. 
Agreements:
· Based on RAN1 agreements, for a RSTD measurement, reference cell and target cell measurements can be associated with different TEGs.
Issue 1-2-1 Whether to define timing error grouping method or criteria in RAN4?
Agreements:
· How to group timing errors can be left to UE/TRP implementation itself. 
· No method or UE/TRP behaviour regarding how to group the measurements or transmissions to TEGs should be defined in the spec. 
Issue 1-2-2 Whether to define the timing error margins associated with TEGs in RAN4.
Agreements:
· It is within RAN4 scope to recommend feasible values for timing error margins associated with TEGs. 
Issue 1-4-2 Testing requirements for verifying the timing error mitigation
Agreements: 
· The RRM requirements including testability of TEG framework, if needed, should be discussed after the TEG framework is clearer. 
Issue 1-4-3 UE and TRP behaviours that need to be discussed and specified in RAN4
Agreements: 
· The UE and TRP behaviours definition is out of RAN4 scope and should wait for the outcome of other WGs. 




In this contribution, we provide our further discussion on the remaining issues regarding timing delay mitigation.
[bookmark: OLE_LINK5]Discussion
Timing error grouping method and timing error margins
In the last meeting, RAN4 discussed the timing error margins associated with TEGs:
	Issue 1-2-3a How many timing error margins associated with TEGs to be defined per UE/TRP? 
· Option 1: 
· Multiple timing error margins per UE/TRP.
· Option 2: 
· A single timing error margin associated with all TEGs per UE/TRP.
· Option 3: 
· Define two margin values for the UE Rx TEG for different time scopes:
· Value 1: X, valid for all measurements in the same measurement report 
· Value 2: Y (< X), valid for measurements associated with same time stamp
· The value of X and Y may be dependent on PRS BW and FR.



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 rules 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 larger than timing error in Rule 1;
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. 
Therefore, a single timing error margin is associated on TEG. There is no need to specify timing error margin for different TEGs as measurement results from different TEGs will not be processed together.

Proposal 1: A single timing error margin associated with one TEG is defined for a UE/TRP.
Proposal 2: There is no need to define multiple timing error margins for multiple TEGs, which is up to UE/TRP implementation. 

There were some discussions on how to define error margins associated with TEGs for UE/TRP.
	Issue 1-2-3b How to define timing error margins associated with TEGs for UE/TRP? 
Open issue: 
· Option 1: (ZTE, CATT, Ericsson)
· NW configures fixed timing error margins to UE/TRP.
· Option 2: (vivo, Intel, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· UE/TRP configures the timing error margins itself based on its implementation.
· Option 3: (Huawei, Ericsson)
· Fixed in the spec



How UE/TRP group TEGs based on timing error margins is up to UE implementation. It also depends on how timing error margin(s) is defined from RRM requirements perspective. For the single timing error margin, it may be specified in the spec to define core requirements or tests. 
Proposal 3: UE/TRP configures the timing error margins itself based on its implementation. 
Proposal 4: The single timing error margin for one TEG could be specified in the spec.

Time variation of the TEGs
In the last meeting, RAN4 discussed the time variation of the TEGs.
	Issue 1-3-1 Whether to define time-variant (semi-static or dynamic) TEGs?
Open issue: 
· Option 1: (Ericsson, CATT, vivo, OPPO, ZTE, Nokia)
· 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: (Qualcomm, Intel)
· A UE/TRP should be able to configure TEGs semi-statically during an arbitrary period of time determined by the UE/TRP and signaled to the LMF. The UE/TRP could signal a TEG reset or send a new TEG configuration to override the previous one. 
· Option 3: (Intel)
· Whether the time variant TEG is necessary can be FFS. The static TEG within a specific time window can be taken as the start point. 
· Option 4: (Ericsson, Nokia, Huawei)
· Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis. 
· FFS: Indication of temporal validity of TEGs and how to treat measurement reports when a change in TEG association is observed in accordance with future RAN1 outcome
· FFS: Impact of time variance of TEGs when defining useful TEG timing error margins
· Option 5: (Nokia)
· If the timing error is known and semi-static or static, gNB TX and RX chain can mitigate it by gNB implementation internally. gNB does not need to report semi-static or static TEG to an external unit (LMF)



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.
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 5: 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 from RRM requirements perspective.
Reply LS
In addition, a RAN1 LS [2] on the reporting of the Tx TEG association information was sent to RAN4. 
	1. Overall Description:
The following agreement was made regarding the UE Tx TEG reporting as an outcome of the discussion of “Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays for NR positioning enhancements” at RAN1#107e.
	Agreement:

Confirm and modify the working assumption with the following modifications:
· 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.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.




With the consideration of the signalling efficiency related to the above agreement and possible changes of UE Tx TEG associations in different transmission time occasions of the SRS resources for positioning, the following agreement was also made at RAN1#107e.

	
Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed




RAN1 would like to ask RAN2 to consider the above agreements in ongoing work and implement relevant signalling support.
RAN1 would like to ask RAN4 to check the above agreements to see there is any concern and work on how to decide when the UE Tx TEG association is changed.
2. Actions:
To RAN2:
ACTION: 	RAN1 respectfully asks RAN2 to enable signaling to support the above agreements for NR positioning enhancements.
To RAN4:
ACTION: 	RAN1 respectfully asks RAN4 to check the above agreements to see there is any concern and work on how to decide when the UE Tx TEG association is changed.




RAN4 agreed that TEG association is up to UE/TRP implementation. When there is change of TEG association, UE/TRP can indicate the change by signalling designed by RAN2, if necessary. From RAN4 perspective, there is no concern on UE indicating of TEG association change. There is no further work needed on how to decide when the UE Tx TEG association is changed as it is up to implementation.
[bookmark: _Hlk85011555]Proposal 6: It is up to implementation how to decide when the UE Tx TEG association is changed. No further work is needed in RAN4.

Conclusion
In this contribution we provide our views on timing error mitigation mechanisms. Based on analysis following observations and proposals are present.
Proposal 1: A single timing error margin associated with one TEG is define for a UE/TRP.
Proposal 2: There is no need to define multiple timing error margins for multiple TEGs, which is up to UE/TRP implementation. 
Proposal 3: UE/TRP configures the timing error margins itself based on its implementation. 
Proposal 4: The single timing error margin for one TEG could be specified in the spec.
Proposal 5: 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 from RRM requirements perspective.
Proposal 6: It is up to implementation how to decide when the UE Tx TEG association is changed. No further work is needed in RAN4.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on “the reporting of the Tx TEG association information” and has reviewed the agreements made in RAN1. RAN4 concludes that
· It is up to UE implementation how to decide when the UE Tx TEG association is changed. No further work is needed in RAN4.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.
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