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Introduction
In the RAN4#101-bis-e meeting, the timing delay mitigation was discussed. The agreements and open issues were captured in [1]. 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 1-1-1 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
· 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, …}. 
Issue 1-1-2 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. 
Issue 1-1-3 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. 



For Issue 1-1-1, in general Option C is feasible. UE/TRP has multiple Rx TEGs associated with the same value M.  For Step #6 from Option C, this is also related to Issue 1-1-3. We understand if the multiple timing error margin are defined, UE/TRP can report the used margin as mentioned in Step #3. The motivation of Step#6 is that NW can configure the interested margin to UE/TRP which is also mentioned in Option D. However, the timing error margin is up to UE/TPR implementation. In other words, the margin which is requested from NW may be not supported by UE/TRP. It may make some sense only when the requested margin from NW is subset of the values supported by UE/TRP. Therefore, even the margin can be requested by LMF, the margin that reported by UE is dependent on UE.
Proposal 1: Support that UE/TRP has multiple Rx TEGs associated with the same value M, i.e., Option C.
Proposal 2: For whether NW can configure requested margin to UE/TRP based on positioning demand, i.e., Step #6 from Option C, even the margin can be requested by LMF, the margin that reported by UE is dependent on UE.
Time variation of the TEGs
In the last meeting, RAN4 discussed the time variation of the TEGs.
	[bookmark: OLE_LINK1]Issue 1-2-1a 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.
Issue 1-2-1b Whether to define time-variant (semi-static or dynamic) Tx TEGs and RxTx TEGs? 
· 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. 



And the LS from RAN1 on the reporting of the Tx TEG association information was captured as below:
	· 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. 




[bookmark: _Hlk95414590]In our understanding, there is no big difference between Option 1 and Option 2 for Issue 1-2-1b. According to the LS from RAN1, when there is change of Tx TEG association, UE/TRP can indicate the change by signalling designed by RAN2, i.e., Option 2. And in the last meeting, it was agreed that the Tx TEG association change for positioning is up to UE implementation. Therefore, from RRM requirement perspective, there is no need to consider the time variant of Tx TEGs.
Proposal 3: It is up to RAN2 to decide how to indicate the change of the Tx TEG association.
RRM requirements
In the last meeting, RAN4 discussed the RRM requirements.
	Issue 1-3-1 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.
Issue 1-3-2 Testing requirements for verifying the timing error mitigation
Agreements: 
· Wait for further progress and decide whether to define new tests in performance part.



The RAN1 UE features list on UE Rx TEGs were copied as below:
	Features
	Index
	Feature group
	Components
	Note
	Mandatory/Optional

	27. NR_pos_enh
	27-1-4
	Support of UE Rx TEGs for measuring the same DL PRS resource
	The maximum number of different UE Rx TEGs that a UE can support to measure the same DL PRS of a TRP
	The candidate values are {2, 3, 4, 6, 8}

Need for location server to know if the feature is supported

	Optional with capability signalling

	27. NR_pos_enh
	27-1-4a
	Support of UE Rx TEGs for measuring the same DL PRS resource simultaneously
	The maximum number of UE Rx TEGs for measuring the same DL PRS resource simultaneously
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported.
	Optional with capability signalling



For Issue 1-3-1, we notice that the question is whether there is impact on the core requirement due to Rx TEGs. It can be observed from 27-1-4, the UE can support to measurement the same DL PRS resource of a TRP with more than one TEG. And 27-1-4a shows the maximum number of UE TEGs which UE can measurement the same DL PRS resource simultaneously. In our understanding, if the maximum TEG number which UE can support to measure the same DL PRS of a TRP is more than the maximum number of UE TEGs which UE can measurement the same DL PRS resource simultaneously, the measurement period may be longer.
Proposal 4: The positioning measurement delay may be longer if the maximum TEG number that a UE can support to measure the same DL PRS of a TRP is more than the maximum number of UE TEGs for measuring the same DL PRS resource simultaneously.
Report for the PRS measurement without TEG association
In addition, the question on how to report transmissions/measurements which cannot be associated with any TEG was discussed in the last meeting.
	[bookmark: _Hlk85011555]Issue 1-4-1 How to report transmissions/measurements which cannot be associated with any TEG
· 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)



We notice this may be within RAN1 scope. In the RAN1 107bis-e meeting, the agreement on this issue was captured as below:
	If the UE does not include RxTEG-ID associated with a measurement, no assumption can be made on the mitigation of UE Rx timing delays errors for this measurement.



Based on the RAN1 agreement, we understand Option 2 is reasonable. If the TEG information is absent, the positioning requirement can fall back to Rel-16 and no assumption can be made on the mitigation of UE Rx timing delays errors.
Proposal 5: If a measurement/transmission cannot be associated with any TEG, no assumption can be made on the mitigation of UE Rx timing delays errors, i.e., Option 2.
Conclusion
In this contribution we provide our views on timing error mitigation mechanisms. Based on analysis following observations and proposals are present.
Proposal 1: Support that UE/TRP has multiple Rx TEGs associated with the same value M, i.e., Option C.
Proposal 2: For whether NW can configure requested margin to UE/TRP based on positioning demand, i.e., Step #6 from Option C, even the margin can be requested by LMF, the margin that reported by UE is dependent on UE.

Proposal 3: It is up to RAN2 to decide how to indicate the change of the Tx TEG association.
Proposal 4: The positioning measurement delay may be longer if the maximum TEG number that a UE can support to measure the same DL PRS of a TRP is more than the maximum number of UE TEGs for measuring the same DL PRS resource simultaneously.
Proposal 5: If a measurement/transmission cannot be associated with any TEG, no assumption can be made on the mitigation of UE Rx timing delays errors, i.e., Option 2.
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