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Few open issues related to the test cases and UE measurement accuracy requirements were identified in RAN4#102-e [1]. In this contribution, we further discuss and analyze those open issues related to UE based DL TDOA test cases and UE Rx-Tx measurement accuracy requirements.
UE based DL TDOA tests
The need for UE based DL-TDOA PRS measurement delay and accuracy test cases were discussed but no consensus was reached. The following is the summary of the outcome as captured in the approved WF [1]:
whether to specify new UE based DL-TDOA test cases.
· Specify new test case for UE-based DL-TDOA measurements: 
· New test case for UE-based DL-TDOA reporting delay is added with limited additional effort, leveraging the existing test case setup for UE-assisted
· Detailed test configuration is FFS
· New test case for UE-based DL-TDOA measurement accuracy is added
· Detailed test configuration is FFS
Candidate options:
· Option 1: both of the above tests are added
· Option 2: none of the above test is added
The proponents of the above test cases have argued that the UE-based DL-TDOA positioning UE capability is defined in TS 37.355. It has been further argued that the UE supporting this capability cannot be tested due to lack of the test cases. 
However, the test cases are defined to verify the core and/or performance requirements. There are no core and performance requirements for UE-based DL-TDOA. The specification work for the core and performance requirements for UE-based DL-TDOA was intentionally down prioritized by RAN4 in the beginning of the Rel-16 WI on positioning. 
In general, some of the UE capabilities and features lack RAN4 requirements. It is normal that such UE capabilities cannot be tested for core and performance requirements due to the lack of the corresponding requirements. The UE-based DL-TDOA capability is no exception. 
We therefore do not see any need for defining requirements for the sake of testing. 
Furthermore, due to lack of requirements for UE-based DL-TDOA, no existing test case should be modified to contain any aspect related to UE-based DL-TDOA. 
· Observation 1: There are no core and performance requirements for UE-based DL-TDOA since they were down prioritized in Rel-16.
· Observation 2: RRM test cases verify the core and performance requirements defined in TS 38.133.
· Observation 3: RRM test cases cannot developed or modified to include UE-based DL-TDOA aspects due to the lack of the corresponding requirements in 38.133.
· Proposal 1: Do not define any DL-TDOA reporting delay tests for UE-based DL-TDOA.
· Proposal 2: Do not define any DL-TDOA accuracy tests for UE-based DL-TDOA.
· Proposal 3: Do not modify any existing PRS measurement delay or accuracy test to include any aspect related to UE-based DL-TDOA.
[bookmark: _Hlk79149979]UE Rx-Tx accuracy under autonomous timing adjustment
The following two options were agreed regarding the applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment [1]:
· Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· If the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 1: 
· If the autonomous timing adjustment is below threshold X
· UE Rx-Tx measurement accuracy requirements shall apply
· Otherwise
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1)
· UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission. UE shall restart the measurement period in such case
· Option 2: 
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1)
· UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission. UE [may or shall] restart the measurement period in such case
As analyzed in our previous paper the UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change. This means the UE transmit timing changes in the same direction in which the DL timing changes in the DL reference cell, which is a serving cell e.g. typically sPCell (PCell or PSCell). This is the main difference compared to the UE timing changes due to the network-controlled TA i.e. changes can be in any direction and not linked to the DL timing. However, the UE Rx-Tx time difference measurement can be measured also in a non-serving cell. Furthermore, the UE Rx-Tx time difference measurement can be measured in a serving cell which is different than the DL reference cell used for the UE autonomous timing adjustment. Also, the UE Rx-Tx time difference measurement can be measured in a neighbor cell which is different than the DL reference cell used for the UE autonomous timing adjustment. Three examples of UE Rx-Tx time difference measurement scenarios are shown in figure 1:
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Figure 1: Examples of UE Rx-Tx measurement scenarios: A) single cell UE Rx-Tx measurement with SRS and PRS in the same serving cell which is also reference cell; B) Multi-cell UE Rx-Tx measurements: UE RTT1 on SRS and PRS (PRS1) in the reference cell, and UE RTT2 on SRS in reference cell and PRS (PRS2) in SCell (another serving cell); C) Multi-cell UE Rx-Tx measurements: UE RTT1 on SRS and PRS (PRS1) in the reference cell, and UE RTT2 on SRS in reference cell and PRS (PRS2) in neighbor cell (non-serving cell).
· Figure 1 (A) shows a single cell UE Rx-Tx measurement scenario. In this case assume the UE is configured to perform the UE Rx-Tx measurement in the serving cell which is also the DL reference cell (PCell) for UL autonomous timing adjustment. In this case:
· SRS and PRS are measured in the same serving cell (PCell) which is also reference cell. 
· Figure 1 (B) shows a multi-cell UE Rx-Tx measurement scenario (i.e. multi-RTT). In this case assume UE is configured to perform one UE Rx-Tx measurement (UE RTT1) in the serving cell (PCell) which is also the DL reference cell for UL autonomous timing adjustment, and another UE Rx-Tx measurement (UE RTT2) in another serving cell (e.g. SCell) which is different than the DL reference cell used for UL autonomous timing adjustment. In this case:
· for UE RTT1, SRS and PRS (PRS1) are both measured in the PCell. 
· for UE RTT2, SRS and PRS (PRS2) are measured in the PCell and in the SCell respectively. 
· Figure 1 (C) shows also multi-cell UE Rx-Tx measurement scenario (i.e. multi-RTT). In this case assume UE is configured to perform one UE Rx-Tx measurement (UE RTT1) in the serving cell (PCell) which is also the DL reference cell for UL autonomous timing adjustment, and another UE Rx-Tx measurement (UE RTT2) in a neighbor cell (e.g. non-serving cell), which obviously cannot be DL reference cell used for UL autonomous timing adjustment. In this case:
· for UE RTT1, SRS and PRS (PRS1) are both measured in the PCell. 
· for UE RTT2, SRS and PRS (PRS2) are measured in the PCell and in the neighbor cell respectively. 
Based on the RAN4 agreements at RAN4#102-e, RAN4 will select between the two options identified in the WF [1]. There is some merit of Option 1 in a sense that for very small value of X the UE will meet the UE Rx-Tx measurement accuracy even if the SRS is not transmitted on the reference cell. However, one challenge of Option 1 is to find suitable value of X, which further depends on the SCS (or CP length). X should be smaller than the UE Rx-Tx measurement accuracy. Looking at the UE UE Rx-Tx measurement accuracies defined in clause 10.1.25.2, TS 38.133, it seems X = 64 Tc in FR1 and X=32 Tx in FR2 can be reasonable compromise.
If RAN4 cannot reach consensus on the value of X, the applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined based on Option 2. 
The main observations and proposals are:
· Observation 4: The UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change in the reference cell, resulting in the UE transmit timing changes in the same direction in which the DL timing changes in the reference cell.
· Observation 5: The UE can be configured to perform UE Rx-Tx measurements on multiple cells (multi-RTT).
· Observation 6: In one multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS also on the reference cell (e.g. PCell). In this case the changes in SRS timing due to autonomous timing adjustment follows the PRS timing change in the reference cell.
· Observation 7: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on another serving cell (e.g. SCell). In this case the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the SCell.
· Observation 8: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on a neighbor cell (non-serving cell). In this case as well the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the neighbor cell.
· Observation 9: The value of X in Option 1 (WF in R4-2206821) should not be larger than the UE Rx-Tx measurement accuracy.
· Proposal 4: If the applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined based on Option 1 (WF in R4-2206821) then X = 64 Tc for FR1 and X=32 Tc for FR2.
· Proposal 5: If no consensus is reached on value of X in Option 1 (WF in R4-2206821), then the pplicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified based on Option 2 (WF in R4-2206821).
Summary
The following have been observed and proposed in this contribution:
UE based DL TDOA tests:
· Observation 1: There are no core and performance requirements for UE-based DL-TDOA since they were down prioritized in Rel-16.
· Observation 2: RRM test cases verify the core and performance requirements defined in TS 38.133.
· Observation 3: RRM test cases cannot developed or modified to include UE-based DL-TDOA aspects due to the lack of the corresponding requirements in 38.133.
· Proposal 1: Do not define any DL-TDOA reporting delay tests for UE-based DL-TDOA.
· Proposal 2: Do not define any DL-TDOA accuracy tests for UE-based DL-TDOA.
· Proposal 3: Do not modify any existing PRS measurement delay or accuracy test to include any aspect related to UE-based DL-TDOA.
UE Rx-Tx accuracy under autonomous timing adjustment:
· Observation 4: The UL autonomous timing adjustment, which is based on the DL timing, follows the DL timing change in the reference cell, resulting in the UE transmit timing changes in the same direction in which the DL timing changes in the reference cell.
· Observation 5: The UE can be configured to perform UE Rx-Tx measurements on multiple cells (multi-RTT).
· Observation 6: In one multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS also on the reference cell (e.g. PCell). In this case the changes in SRS timing due to autonomous timing adjustment follows the PRS timing change in the reference cell.
· Observation 7: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on another serving cell (e.g. SCell). In this case the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the SCell.
· Observation 8: In another multi-RTT measurement scenario, the UE may transmit SRS on reference cell (e.g. PCell) while perform PRS on a neighbor cell (non-serving cell). In this case as well the changes in SRS timing due to autonomous timing adjustment is not related to PRS timing in the neighbor cell.
· Observation 9: The value of X in Option 1 (WF in R4-2206821) should not be larger than the UE Rx-Tx measurement accuracy.
· Proposal 4: If the applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined based on Option 1 (WF in R4-2206821) then X = 64 Tc for FR1 and X=32 Tc for FR2.
· Proposal 5: If no consensus is reached on value of X in Option 1 (WF in R4-2206821), then the pplicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment is specified based on Option 2 (WF in R4-2206821).
A draft CR capturing the above proposal (Option 2) is provided in [2]. The CR can be updated based on the final agreement in RAN4.
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