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1 Introduction
In RAN4#100e meeting, the issues on UE Rx/Tx and/or gNB Rx/Tx timing delay mitigation were further discussed based on RAN1 LS [1] and some consensus has been reached and captured in the approved WF [2] as below. 
	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.
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. 


The conclusions have been informed to RAN1 in the reply LS [3] but there are still some issues to be discussed in RAN4. In this paper, we provide further discussions on UE Rx/Tx and/or gNB Rx/Tx timing delay mitigation and give our proposals. 
2 Discussion
2.1 Definition of TEG

In last meeting, we have some clarification on the definition of TEG i.e. 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. But for the DL measurement associated to the TEG, companies have different understanding and the issue is kept FFS. 
In RAN1#106e meeting, RAN1 has the following agreements: 
	Agreement:
· 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


From the agreements, it can be seen that for a RSTD measurement, two TEGs should be reported. One TEG is associated to RSTD reference time which is also the arrival time of reference TRP, while the other TEG is associated with the RSTD measurement using the reference time in the first TEG which is equivalent to the arrival time of target TRP. That means the two TEGs are associated with the TOA measurement of reference TRP and target TRP respectively. So in our understanding, the DL measurements associated with each TEG is actually TOA measurements. 
Proposal 1: “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements are associated with different TEGs). 
2.2 Timing error grouping method
In last meeting, it has been confirmed that the timing error mitigation mechanism (i.e. TEG approach) defined by RAN1 is feasible for both UE Rx/Tx and gNB Rx/Tx. But the grouping method, criteria and margin need further discussion. 
For grouping method, it was agreed in last meeting that 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. Although the timing error grouping is based on UE/TRP implementation, we think some criteria should be defined, otherwise the UE behavior will not be under control and this feature cannot be verified. 
Proposal 2: RAN4 should define some timing error grouping method or criteria e.g. the timing errors are grouped based on different RF chains or antenna pannels. 
As defined and discussed above, the timing error difference between measurements/transmissions in the same group are within a certain margin. But the margin of each timing error group i.e. the value of timing error difference in each group should be discussed and defined. This should be within RAN4 scope, since the timing error difference is related to the grouping method and UE/TRP implementation. For example, if UE/TRP group the timing errors based on antenna panel, then the margin will depend on the difference of transmission channel within the same panel. 
We discussed this issue in last meeting and there are the following candidate options: 
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]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 understanding, option 1 and option 1a are aligned. Both options suggest to support configuring TEGs with different values of margin while option 1 further suggest to recommend the value. So we still prefer option 1 to discuss and define the range of each timing error group. 
Proposal 3: Configuring TEGs with different timing error margins, should be supported for UE and TRP. 
Proposal 4: It is within RAN4 scope to recommend a useful range of values for timing error margins associated with configured TEGs. 
For defining the margin of each group, there are the following two approaches: 
· Option 1: NW configure multiple fixed timing error groups to UE. 
· Option 2: UE decide the timing error groups based on its implementation and report group configurations to NW. 
For option 1, multiple fixed timing error groups are defined and configured to UE which can be same for all UEs or be different based on UE capability. And UE will only need to include the group ID in the measurement report. 
For option 2, the timing error groups are decided by UE and UE need to inform the group information to NW before measurement report. And then the group ID can be included in the measurement report. In this approach, the timing error group depends on the UE implementation, in order to guarantee the measurement performance, maybe the upper bound of the margin for the groups need to be defined. The details can be further studied. 
Proposal 5: there are the following two approaches to define the value of margins for supported timing error groups: 
· Option 1: NW configure multiple fixed timing error groups to UE. 
· Option 2: UE decide the timing error groups based on its implementation and report the group configurations to NW. 
2.3 Time variation of the TEGs
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In last meeting, the time variation of the TEGs was also discussed and the candidate options are captured in [2] as below: 
	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.


In our understanding, this issue depends on the grouping method as discussed above. We agree that the group delay may be time-variant due to RF device or environment (such as temperature etc.) change.  But this doesn’t mean the TEG should be time-variant or the useful life is limited. We think the TEG can be defined statically while the UE reported TEG ID is time-variant. 
Proposal 6: The timing error may be time variant but TEG can be static. And no need to consider dymatic TEG. 
2.4 RRM requirements
In last meeting, we discussed the possible RRM requirements for UE/TRP Rx/Tx timing error mitigation and the following issues and candidate options are captured in [2]. 
	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.

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 signalled 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.


For RRM requirements, we think it is a little early to decide whether core requirements or performance requirements for TEG framework is needed. The requirements including testability of this framework should be discussed after the grouping method is more clear. 
For the following UE and TRP behaviours mentioned in issue 1-5-2, we think issue 1) and 4) may be within RAN4 scope which is related to the time-variation of TEG, but they should be discussed after the grouping method is more clear. The other issue is out of RAN4 scope and should wait for the outcome of other WGs. 
1) The maximum number of TEGs that a UE/TRP may configure at any given time.
2) Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
3) How to indicate the association of RS resource instances to Tx TEGs.
4) In general, specify the temporal scope or validity of TEG configurations, e.g. per measurement report, positioning session/request or as signalled by the UE/TRP.
5) How to report a measurement/resource that cannot be associated to any TEG.
6) Whether a measurement or RS resource could be mapped to multiple TEGs.
Proposal 7: The RRM requirements including testability of TEG framework should be discussed after the grouping method is more clear. 
Proposal 8: The UE and TRP behaviors definition is out of RAN4 scope and should wait for the outcome of other WGs. 
3 Summary
In this paper, we further discuss the UE Rx/Tx and/or gNB Rx/Tx timing delay mitigation and the following proposals are given: 
Proposal 1: “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements are associated with different TEGs). 
Proposal 2: RAN4 should define some timing error grouping method or criteria e.g. the timing errors are grouped based on different RF chains or antenna pannels. 
Proposal 3: Configuring TEGs with different timing error margins, should be supported for UE and TRP. 
Proposal 4: It is within RAN4 scope to recommend a useful range of values for timing error margins associated with configured TEGs. 
Proposal 5: there are the following two approaches to define the value of margins for supported timing error groups: 
· Option 1: NW configure multiple fixed timing error groups to UE. 
· Option 2: UE decide the timing error groups based on its implementation and report the group configurations to NW. 
Proposal 6: The timing error may be time variant but TEG can be static. And no need to consider dymatic TEG. 
Proposal 7: The RRM requirements including testability of TEG framework should be discussed after the grouping method is more clear. 
Proposal 8: The UE and TRP behaviors definition is out of RAN4 scope and should wait for the outcome of other WGs. 
4 References
[1]  [bookmark: _Toc229480108][bookmark: _Toc229480095]R4-2107610, LS on UE/TRP Tx/Rx Timing Errors, CATT
[2]  R4-2115367, WF on Rel-17 positioning enhancements RRM_2, CATT
[3]  R4-2115368, Reply LS on gNB/UE Rx/Tx timing error mitigation, CATT
3GPP
