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In RAN#104e, RAN1#104-bis-e and RAN1#105, the agreements were made to study specification impact of reference devices [1,2] In this contribution, we discuss enhancements related to TEG for DL+UL positioning and UL TDOA
Enhancements to mitigate timing delays
TEG for DL & UL positioning
The following agreement related to TEG for DL & UL positioning was made.
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downselection ne eded)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements


In the last RAN1 meeting, it was agreed to support Option 1 and/or Option 2 in TEG reporting for DL+UL positioning. In our view, if the UE is capable of associating between a pair of DL PRS reception and UL PRS transmission to an RxTx TEG, such information should be reported to LMF. It is because such RxTx TEG information can exactly determine the timing error of Rx-Tx time difference. Having the knowledge of RxTx TEG, LMF may be able to derive the error bound and the positioning of the UE more accurately. 
On the other hand, if the UE is not capable of reporting RxTx TEG (e.g., the UE is not capable of associating between a pair of DL PRS reception and UL PRS transmission to RxTx TEG), Option 2 can be used. Specifically, for this option, the UE may report Rx TEG associated with DL PRS reception and Tx TEG associated with UL PRS transmission.  
Proposal 1: For mitigating UE Tx/Rx timing errors for DL+UL positioning, support both Option 1 and Option 2. If supported by the UE capability, the UE reports RxTx TEG; otherwise, the UE reports Tx TEG and Rx TEG.
One remaining issue to discuss is which parameter can be used to associate with Tx TEG ID. For Rx TEG, it was agreed to associate an Rx TEG ID with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement. Similarly, we also can associate the Tx TEG with a UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement (i.e., Alt. 1) in the agreements. This approach may help to have a unified design between uplink and downlink. 
Proposal 2: Tx TEG is associated with an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement (i.e., support Alt. 1).
TEG for UL-TDOA
In RAN1#105e, whether association information between UL-SRS resource and Tx TEG should be transferred to LMF or serving gNB was discussed. 
	Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support  one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF


Association between UL SRS resource and Tx TEG provides the LMF assistance information to carry out differential positioning methods. Furthermore, association between the SRS for positioning resource and TX TEG can be used for DL+UL positioning method when TX TEG needs to be associated with UE Rx-Tx time difference. Thus, the following proposal is made
Proposal 3: Support Option 1 (support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs)
TEG information reporting:
For UE based positioning methods, the TEG information is necessary. Based on the positioning accuracy requirement, different TEG granularity may be required. In such a scenario, the UE should request TEG information to support itself in positioning measurement. Therefore, the system should enable the UE to request the TEG information. 
Proposal 4: For UE-B positioning methods, support the UE to request the information of gNB TEG.
TEG reporting:
When the UE has multiple TEGs, the UE does not need to provide TEG information for every measurement reporting. It is because if the UE uses the same TEG compared to the previous reporting, the UE may not need to report the TEG information. In this case, the LMF may assume that TEG has not changed and use TEG from the previous reporting. Therefore, the UE only needs to report TEG information if TEG information is changed compared to the previous reporting. 
Proposal 5: Support a UE to indicate TEG in the measurement reporting when TEG information is changed compared to the previous reporting.
In addition, validity/expiration of TEG should be supported. It is not necessary for the UE to report TEG information during validity period. The validity period can be defined by duration during which timing errors associated with TEG remains the same. Thus, the UE does not need to include TEG information in its report if the validity duration is active.  
Proposal 6: Support validity time for TEG, i.e., upon expiration of the validity time, the UE needs to update TEG
Positioning Reference Units
In addition, the following LS was sent to ask RAN2/RAN3 to study specification impacts of PRUs. In our companion RAN2 contribution, possible specification impacts such as registration and identification of PRUs are discussed [3].
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes: 
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
2. Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.

R1-2106265	[DRAFT] LS on Positioning Reference Units (PRUs) for enhancing positioning performance	
Final LS endorsed in R1-2106326



Conclusion.
The following proposals are made in this contribution.
Proposal 1: For mitigating UE Tx/Rx timing errors for DL+UL positioning, support both Option 1 and Option 2. If supported by the UE capability, the UE reports RxTx TEG; otherwise, the UE reports Tx TEG and Rx TEG.
Proposal 2: Tx TEG is associated with an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement (i.e., support Alt. 1).
Proposal 3: Support Option 1 (support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs)
Proposal 4: For UE-B positioning methods, support the UE to request the information of gNB TEG.
Proposal 5: Support a UE to indicate TEG in the measurement reporting when TEG information is changed compared to the previous reporting.
Proposal 6: Support validity time for UE TEG, i.e., upon expiration of the validity time, the UE needs to update TEG
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