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1	Introduction
In RAN4 100-e, there were initial discussions on TEG. Some of the WF [1] are copied 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. 

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.



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.
Observation 1: Impacting factors of TE are at least the RF chains which are actually used for radio transmissions and the antenna panels. The property might be time-variant in an unanticipated way.
Thus, for Issue 1-3-1, we propose:
Issue 1-3-1 Impact of the time variation of timing error on the TEGs
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?
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. 

The other issue to be considered especially within RAN4 is the testability of this property. Currently in FR1, the tests are conducted which means the TE is connected directly to the antenna connector of the UE and in FR2, the test is over-the-air (OTA). Looking at the definition of TE, it is uncertain how this property can be tested in FR1 when the antenna panel used for actual transmissions is removed from the test.
Observation 2: Currently the tests in FR1 are conducted where the antenna panel used for actual transmission is removed in the test.
Based on this observation, we think that the testability of the property of TE, especially in FR1, needs to be further investigated. Thus, for Issue 1-5-1, we propose:
Issue 1-5-1 RRM requirements for verifying the timing error mitigation
Further investigate the testability of the property of TE, especially in FR1.
3	Conclusion
Observation 1: Impacting factors of TE are at least the RF chains which are actually used for radio transmissions and the antenna panels. The property might be time-variant in an unanticipated way.
Proposal 1: Study behaviour of residual timing error differences after calibration on static, semi-static of dynamic behaviour and its implications to TEG association. 
Proposal 2: 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.
Observation 2: Currently the tests in FR1 are conducted where the antenna panel used for actual transmission is removed in the test.
Proposal 3: Further investigate the testability of the property of TE, especially in FR1.
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