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Introduction
To improve the positioning accuracy, timing error mitigation mechanism was introduced by RAN1 and RAN4 confirmed its feasibility after initial discussion in the last meeting. The details on TEG grouping and associated error margins need further study. This paper will provide our considerations.

Discussion
	Issue 1-2-3a How many timing error margins associated with TEGs to be defined per UE/TRP? 
Open issue: 
· Option 1: (vivo, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· Multiple timing error margins per UE/TRP.
· Option 2: (Intel)
· A single timing error margin associated with all TEGs per UE/TRP.
· Option 3: (Intel, Huawei)
· Define two margin values for the UE Rx TEG for different time scopes:
· Value 1: X, valid for all measurements in the same measurement report 
· Value 2: Y (< X), valid for measurements associated with same time stamp
· The value of X and Y may be dependent on PRS BW and FR.
Issue 1-2-3b How to define timing error margins associated with TEGs for UE/TRP? 
Open issue: 
· Option 1: (ZTE, CATT, Ericsson)
· NW configures fixed timing error margins to UE/TRP.
· Option 2: (vivo, Intel, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· UE/TRP configures the timing error margins itself based on its implementation.
· Option 3: (Huawei, Ericsson)
· Fixed in the spec


In practice, the residual errors vary widely for different PRS/SRS configuration and UE/TRP implementation. Introducing more timing error margins is beneficial for positioning performance. But RAN4 could limit the max number of timing error margins considering the signalling overhead to associated TEG and timing error values. Because how to group timing errors can be left to UE/TRP implementation, the number of timing error margins can also be determined by UE/TRP itself. To take advantage of multiple different margins, hierarchical TEG reporting can be considered to further divide TEG sub-group with a small error margin. For example, 5 measurement results associated to TEG #1 with 100ns error margin could be further divided into 2 sub-group like TEG #1-1 and TEG #1-2 with 50ns error margin. The hierarchical TEG reporting will give flexibility to LMF on selecting measurement results within one TEG group.
Proposal 1: The number of timing error margins N is determined by UE/TRP itself, FFS the value of N.
Observation 1: Considering hierarchical TEG reporting framework to further divide TEG sub-group with a small error margin. 
Similarly, the exact timing error margin associated to TEG is also configured by UE/TRP. Fixing timing error margins for all the UEs/TRPs with different capabilities will lead to a rather loose margin. For option 1, we understand that the Rx/Tx timing errors at UE side should be determined by UE and reported to the network. Network may configure an inappropriate timing error margin UE cannot achieve.
Proposal 2: UE/TRP configures the timing error margins itself based on its implementation.
	Issue 1-3-1 Whether to define time-variant (semi-static or dynamic) TEGs? 
Open issue: 
· Option 1: (Ericsson, CATT, vivo, OPPO, ZTE, Nokia)
· 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: (Qualcomm, Intel)
· A UE/TRP should be able to configure TEGs semi-statically during an arbitrary period of time determined by the UE/TRP and signaled to the LMF. The UE/TRP could signal a TEG reset or send a new TEG configuration to override the previous one. 
· Option 3: (Intel)
· 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. 
· Option 4: (Ericsson, Nokia, Huawei)
· Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis. 
· 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
· FFS: Impact of time variance of TEGs when defining useful TEG timing error margins
· Option 5: (Nokia)
· If the timing error is known and semi-static or static, gNB TX and RX chain can mitigate it by gNB implementation internally. gNB does not need to report semi-static or static TEG to an external unit (LMF)


We agree that the absolute timing error will vary over time, due to thermal noise, or frequency drift of oscillator. The impacts of noise are completely random and should be considered within TEG margins. The impacts of oscillator drift are linear to time duration and it is easy to determine whether the oscillator timing drift for measurement results at time t1 and t2 is within the associated TEG margin. It can be left for UE implementation, e.g. by using a new TEG ID or sub-group TEG ID.
Proposal 3: Not define time variant TEG and TEG is up to UE implementation.  
	Issue 1-4-1 The impact of Rx TEGs on measurement requirements and accuracy requirements 
Open issue: 
· Option 1: (Qualcomm)
· RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same Rx TEG. 
· Option 2: (Huawei)
· RAN4 concludes no impacts on core requirements from the TEG framework. (Nokia, OPPO)
· RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
· Option 3: (Intel)
· Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
· Option 4: (Ericsson, Nokia, Intel, CATT, vivo)
· FFS until the timing error grouping method and timing error margins are agreed. 


For TEG impacts on measurement requirements, our initial opinion is option 2 that there is no impact on the core requirement and only accuracy requirements need to be updated due to TEG framework. Option 1 is one way to define accuracy requirements and we are open to discuss the details after the timing error margins are clear. For the potential impacts on core requirements, we understand the intention behind option 3 and can postpone this issue until the timing error margins are agreed.  
Proposal 4: The core requirements are not impacted by TEG framework and can also postpone this issue until the timing error margins are agreed.  

Conclusion
In this contribution, our views on the TEG grouping and associated error margins. 
Proposal 1: The number of timing error margins N is determined by UE/TRP itself, FFS the value of N.
Observation 1: Considering hierarchical TEG reporting framework to further divide TEG sub-group with a small error margin. 
Proposal 2: UE/TRP configures the timing error margins itself based on its implementation.
Proposal 3: Not define time variant TEG and TEG is up to UE implementation. 
Proposal 4: The core requirements are not impacted by TEG framework and can also postpone this issue until the timing error margins are agreed.  
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