

	
3GPP TSG-RAN WG4 Meeting # 101-e 	    R4-2119461
Electronic Meeting 1st November – 12th November 2021


Agenda Item:	8.21.2.1
Source: 	Ericsson
Title:	Impact of RX/TX TEG on UE requirements
Document for:	Approval
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#100-e, discussing the definition, applicability and impact of RX/TX TEG under the WI Rel-17 positioning enhancements following agreements were reached and captured in the WF [1]:
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. 
Agreements:
It is not necessary to know the absolute timing error for UE Rx/Tx TEG.
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.
Agreements: 
RAN4 discussion is based on that TEG is applicable for both TRP and UE. 

Furthermore, following items and issues were identified and left for further study:
FFS: 
It is RAN4 understanding that “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different TEGs)
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]FFS: 
Option 1: 
It is within RAN4 scope to recommend a useful range of values for timing error margins associated with TEGs.
Option 1a:
Configuring TEGs with different timing error margins, subject to UE capability, should be supported.
Option 2: 
FFS

FFS: 
Option 1: 
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: 
Study behaviour of residual timing error differences after calibration on static, semi-static of dynamic behaviour and its implications to TEG association. 
FFS: 
Option 1: No 
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 
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: 
Timing error is time varying and determination of TEG validity over time can be left to LMF implementation.
Option 4: 
Depending on implementation and RAN1 outcome. 
FFS: 
Option 1: 
The testability of this approach on mitigating TRP/UE Tx/Rx timing errors should be considered. 
Option 2: 
RAN4 is to further study whether RRM requirements for timing error mitigation are needed.
Option 3: 
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.
FFS: 
Option 1: 
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 signaled 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.

This contribution discusses the implications of abovementioned agreements and the way forward on issues which were left for further study.
Discussion
Following the agreements from RAN4#100-e meeting, 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. This is to ensure that multiple consecutively performed measurements/transmissions can be associated with the same TEG and therefore allow association information by LMF to indicate that a residual timing error difference between those consecutive measurements/transmissions is within a certain margin.
In last meetings discussion the ambiguity about DL measurements in the definition of Rx TEGs was discussed if a TEG is associated with a RSTD measurement or the individual DL TOA measurements for reference and target cell. Since it can be assumed that when calculating the difference of separate TOA measurements to form a RSTD result, one would benefit from using separate TEG for each TOA measurement, since in the case that for all RSTD calculation components, the TEG association would allow the LMF to assume that the timing error after calculation is within the certain margin of configured/signalled TEG. This can be visualized in the following picture:
[image: ]
In above example RSTD measurements for d1 and d3 have receive timing error that cannot be cancelled if the antenna panel used is unknown. If TEG grouping for Panel a is made possible and information by association is granted, the LMF can form RSTD3-RSTD1, where the receive timing errors will cancel.



This will lead to

In reality, timing errors will not cancel completely but have some residual timing error which is however smaller than the margin delta.
Therefore, it is proposed that indeed “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different TEGs).
Proposal 1 DL measurements in the definition of Rx TEGs refers to TOA measurements

When analyzing how TEGs association should be performed for TRP/UE, some questions regarding residual timing error and time variant behaviour of TEGs arise. Firstly, all timing errors or timing error differences which would be known at a certain node could be compensated for by adjusting timing, therefore the grouping of multiple consecutive transmissions or measurements with regards to positioning into TEGs therefore tackles the residiual unknown timing error difference between those transmissions and measurements. As agreed in the previous meeting, to enable association information via TEG, TRP/UE also does not need to know any form of absolute timing error value following the same logic. Therefore, it should be left up to implementation how TEG association takes place, noting that allowing TRP/UE having one TEG for all possible transmission and/or reception branches with a high margin delta might not be useful.
Proposal 2 TEG association is up to TRP/UE implementation

Furthermore, finding useful timing error margins for TEGs to be configured subject to UE capability should be in scope for RAN4, since it leads to an impact on performance requirements – thus this impact can be discussed in the performance part of the work item.
Proposal 3 Deriving useful TEG timing error margins is RAN4 scope, FFS on performance requirements impact

Since implementation of TEG is up to TRP/UE, TEG validity for time variant behaviour of TEG can also be left up to implementation, meaning that consecutive transmissions/measurements that fall within a TEG might fall within a TEG with different timing error margin requirements at a later point in time. This is assuming that TEG association is on a per measurement report granularity and can change between each report. If any node reports any indication of temporal TEG validity can be FFS.
Proposal 4 Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis

How these indications comprising temporal validity of TEG are performed and whether or not measurement results with TEG association in the measurement report or transmission TEG shall be discarded by LMF or the node(s) is FFS. Also, it should be FFS on the granularity how the time variant portion of TEG shall impact the definition of TEG timing error margins, meaning that allowing a coarse time variant portion could hinder defining useful TEG timing error margins, but having tight TEG timing error margins could limit the usefulness when a large time variance is to be expected for certain applications.
Proposal 5 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
Proposal 6 FFS: Impact of time variance of TEGs when defining useful TEG timing error margins

In last meetings discussion, it was also pointed out how to treat a measurement/resource that cannot be associated to any TEG. One possibility would be that any TRP/UE can have a minimum of one TEG, where all transmissions or measurements would be associated with, assuming that there exists a TEG definition which does not impose any timing error margin for this specific TEG. Another solution would be that reporting TEG in the measurement report is optional. In our view option 2 is preferred, since RAN1 agreement was reached that UE/TRP only reports TEG association if it has more than 1 TEG.
Proposal 7 FFS: How to report transmissions/measurements which cannot be associated with any TEG
Option 1: Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements
Option 2:	 Allow TEG association in measurement report to be optional


Conclusion
In this contribution following proposals were made:
1. DL measurements in the definition of Rx TEGs refers to TOA measurements
1. TEG association is up to TRP/UE implementation
1. Deriving useful TEG timing error margins is RAN4 scope, FFS on performance requirements impact
1. Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis
1. 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
1. FFS: Impact of time variance of TEGs when defining useful TEG timing error margins
1. FFS: How to report transmissions/measurements which cannot be associated with any TEG
Option 1: Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements
Option 2:	 Allow TEG association in measurement report to be optional
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