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Introduction
In the last RAN4#99e meeting, there are some initial discussions for the WI of Rel-17 positioning [1]. The general RRM requirement impacts in this WI were summarized in [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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In the last meeting, the feasibility of TEG grouping was discussed, and the following agreements achieved.
	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.




In our views, how the UE groups the TEGs can be left up to UE implementation. TEGs can be up to multiple factors (e.g. antenna panel, frequency, imperfect calibration, e.tc.).  The time error from the same RX/TX panel could be variant due the different compensation within TRP/UE itself.  For an example, in a realistic scenario, different panels, beams, antennas have different group delay, or different calibration error. However, the UE could be aware of the current measurement conditions e.g.  
· the same antenna/beam/panel 
· the measurement window of reception
· the exact calibration 
Therefore, the two TOA measurements can be classified as being part of the same UE RX TEG by UE itself if the possible timing error after the calibration is within the specific margin. 
Proposal 1: How to group TEGs can be left to UE implementation itself. 


	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




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 2: RAN4 shall define a single timing error margin associated with all TEGs per UE/TRP. 
 
 

	Sub-topic 1-3 Time variation of the TEGs
Issue 1-3-1 Impact of the time variation of timing error on the TEGs
FFS: 
· Option 1: (Qualcomm, Huawei)
· Time variability of group delays may limit the time scope or useful life of TEGs or, conversely, it may limit the timing error margins that can be achieved if TEGs were to be applied over a prolonged time period.
· Option 2: (Nokia, ZTE, Ericsson, Huawei, vivo, Intel, CATT, OPPO)
· Study behaviour of residual timing error differences after calibration on static, semi-static of dynamic behaviour and its implications to TEG association. 

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



With the definition of UE Tx/Rx TEG [3] 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 3: 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.

	Issue 1-5-1 RRM requirements for verifying the timing error mitigation
· 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.




If the time variance is to be included in TEG reporting, such TEG can be not static. As a result, the more requirements from RAN4 are needed, e.g. the reporting accuracy and resolution. But if the static TEG reported, for the RRM requirements, we don’t think UE need to report any results related to the TEG error to gNB.

Observation 3: Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
Conclusion
This contribution makes an initial catch of the RRM impacts in a generally high-level way. Further adjustments are subject to other WG discussions.
Proposal 1: How to group TEGs can be left to UE implementation itself. 
Proposal 2: RAN4 shall define a single timing error margin associated with all TEGs per UE/TRP. 

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 3: 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.
Observation 3: Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
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