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Introduction
In the last RAN4 meeting, there are some discussion for the WI of Rel-17 positioning [2].  In this contribution, we provide more detailed analysis on the open issues of mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays. 
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Timing error margins of TEG
In the last meeting, the agreements on the feasibility of TEG grouping was achieved in [2] but the following open issues need to be FFS. 

	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
Candidate options:
· 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, …}. 




And for RAN4 the main works is to investigate whether such TEGs with a recommended margin can guarantee the desired accuracy improvement (e.g. the estimation error between the different TEGs can be eliminated or not).  
Moreover, we need to further discuss the value of timing error margin associated with TEGs. But since such margin was almost came from UE itself, in our view, it is up to specific UE implementation and capability. That is, it shall be same for all TEGs of same UE. 
Proposal 1: The timing error margin is the same for all Rx TEGs if a UE/TRP has multiple TEGs .

	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. 



In our understanding, as explained in [3], the margin itself shall be determined by UE itself because these margin is dependent with the several factor of UE implementation. Then NW can associate the specific margin with the different TEGs. Then, UE may need to report such these margins to NW. From RAN4 perspective, the maximum possible margin can be defined in TS38.133. 
Proposal 2: Whether NW can configure the margins and UE needs to report them to NW is up to RAN1/2.

On the other hand，if the this margin is configured by LMF, in case of UE can’t support the finer implementation, it is infeasible. That is UE can select one candidate value indicated by gNB or override it when UE can’t support such finer implementation margin (same as Pos r16 reporting granularity[4][5]).
Thus, we can propose:
Proposal 3: When the network configured TEG margin is out of UE’s capability , UE can override it and report the new one based on UE implementation itself.

 
	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



In our views, the margin itself can be quite close for RX TEG and TX TEG. Thus, we can propose

Proposal 4: Reuse the values of UE/TRP Tx TEG for the UE/TRP Rx TEG.

Time variation of TEGs

	Issue 1-2-1 Whether to define time-variant (semi-static or dynamic) TEGs? 
Proposals
· Option 1a: (CATT, vivo, 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 from RRM requirements perspective. 
· Option 1b: (Huawei)
· RAN4 not to consider the time variation of TEG provided that time scope of TEG is defined as ‘same time stamp’
· Option 2a: (Intel)
· The static TEG within a specific time window can be taken as the start point. 
· Option 2b: (Nokia)
· There is no need to consider time variant TEGs for UE and gNB. They can be considered to stay valid for a longer period of time and hence to have semi-static character.
· Option 3: (Ericsson)
· Temporal Rx TEG validity is up to implementation assuming that Rx TEG association is based on a per measurement report basis.
· Temporal validity of Tx TEG expires when UE UL transmission timing changes due to network configured timing advance. 
· Temporal validity of UE RxTx TEG can be associated to the change in antenna panel used for Rx – Tx timing measurement. 
· Option 4: (Qualcomm)
· The temporal validity or applicability of a UE Rx TEG is limited to measurements contained within the measurement report in which the Rx TEG information is provided, unless the UE can provide explicit indication of  the Rx TEG validity.
· UE Rx TEG ID #n may be configured with a different timing error margin in each measurement report. 
· The principles for UE Rx TEG (i.e. first two bullets) also apply to UE RxTx TEGs
· For UL+DL positioning, the temporal validity or applicability of a UE Tx TEG is limited to measurements contained within the measurement report in which the Tx TEG is information is provided, unless the UE can provide explicit indication of the Tx TEG validity.
· For UL+DL positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each measurement report.
· For UL TDOA positioning, the temporal validity or applicability of a UE Tx TEG is limited to SRS resource instances transmitted during one reporting period.
· For UL TDOA positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each reporting period.




With the definition of UE Tx/Rx TEG [4] the UE Tx timing error is defined as the remaining Tx time delay after the calibration, or the uncalibrated Tx time delay from baseband to the antenna. However, as discussed in the last RAN4 meeting there are still some ambiguities on this definition, e.g. what the main components in UE side after the timing error calibration which can impact the positioning performance are.  
In RAN1’s agreements it seems that the main concern on such TX/RX error is due to the different antenna panels. That is UE may report the fixed RX timing error to LMF which is associated to the specific antenna panel. 
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements.



Observation 1:  Whether to define time variant (semi-static or dynamic) TEGs can be up to RAN1’s agreements.

But from UE implementation perspective, such RX timing error can be introduced by multiple factors besides RF panels/chains. Even for the same panel they can be more complicated and changed time to time. 
Observation 2:  The exact TEG from UE can be changed time to time. RAN4 can investigate the impacts due to the static TEG within the acceptable variance within a specific duration. 

Therefore, we can conclude that:
Proposal 5: Whether the time variant TEG is upto RAN1/2. The static TEG within a specific time window can be taken as the start point.

Conclusion
This contribution provided more views on the open issues of mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays. 
Proposal 1: The timing error margin is the same for all Rx TEGs if a UE/TRP has multiple TEGs .
Proposal 2: Whether NW can configure the margins and UE needs to report them to NW is up to RAN1/2.
Proposal 3: When the network configured TEG margin is out of UE’s capability , UE can override it and report the new one based on UE implementation itself.
Proposal 4: Reuse the values of UE/TRP Tx TEG for the UE/TRP Rx TEG.
Observation 1:  Whether to define time variant (semi-static or dynamic) TEGs can be up to RAN1’s agreements.
Observation 2:  The exact TEG from UE can be changed time to time. RAN4 can investigate the impacts due to the static TEG within the acceptable variance within a specific duration. 
Proposal 5: Whether the time variant TEG is upto RAN1/2. The static TEG within a specific time window can be taken as the start point.
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