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1	Introduction
In RAN4 101-e, there were initial discussions on TEG. Some of the WF [1] are copied below.
	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

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)

Issue 1-5-1 How to report transmissions/measurements which cannot be associated with any TEG
Open issue: 
· Option 1: (Ericsson)
· Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements
· Option 2: (Ericsson, Nokia, Intel, OPPO)
· Allow TEG association in measurement report to be optional
· Option 3: (CATT, Huawei, vivo)
It is RAN1/2 scope.




This paper discusses the issues listed above and also provide our view on the other related issues.
2	Discussions
One of the main issues discussed was the feasibility of TEG. In the RAN1 LS which triggered the work in RAN4, the definition of TE and TEG is given as follows.
	Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.



According to the definition of TE and TEG, it seems that the relevant impacting factors are at least the RF chains which are actually used for radio transmissions and the antenna panels. Theoretically the TE can be measured and calibrated upon manufacturing and testing of the UE or TRP. However, it’s uncertain whether the TE property will be time-variant and how the drifts would be.

Issue 1-2-3a How many timing error margins associated with TEGs to be defined per UE/TRP?
Here we think Option 1 makes most sense, which is to allow UE/TRP to have more than one timing error margins. We don’t think having a single margin is useful, since in that way there might be no need for the design of TEG mechanism. Option 3 has the similar functions as Option 1, but involves more complicated design from standard perspective.
Support multiple timing error margins per UE/TRP. 

Issue 1-2-3b How to define timing error margins associated with TEGs for UE/TRP? 
Basically we can support both Option 1 (NW configures fixed timing error margins to UE/TRP) and Option 3 (fixed in the spec). Note that even if the UE holds the information to group multiple UL signals into a same TEG, the network can still configure a error margin for this TEG. This is technically feasible. Or, a simpler way is to specify the timing error margins in the spec, the value may depend on UE categories, the FR, etc.
NW configures fixed timing error margins to UE/TRP, or, the timing error margins can be defined in the spec. 

Issue 1-3-1 Whether to define time variant (semi-static or dynamic) TEGs?
Although there is time variation factors to be considered, this is largely dependent on UE implementations (RF structure, baseband signal processing, etc). What’s more, TEG is up to UE implementation as well, and the grouping methods shall also be up to implementation. Thus, no need to consider time variant of TEG in RAN4 specifications.
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. 

Issue 1-5-1 How to report transmissions/measurements which cannot be associated with any TEG
The other issue to be considered is how to define reporting mechanism for signal transmissions or measurements which cannot be associated with any TEG. First of all this issue may not happen, or can be solved by the current approach if a TEG can comprise of a single measurement. Either way, this is clearly RAN2 scope.
How to report transmissions/measurements which cannot be associated with any TEG shall be discussed in RAN2.
3	Conclusion
Proposal 1: Support multiple timing error margins per UE/TRP.
Proposal 2: NW configures fixed timing error margins to UE/TRP, or, the timing error margins can be defined in the spec.
Proposal 3: 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.
Proposal 4: How to report transmissions/measurements which cannot be associated with any TEG shall be discussed in RAN2.
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