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1 Introduction
The following was agreed [1] in RAN4#97-e on UE Rx-Tx measurement requirements:

· Measurement period extension due to SSB collision

· Follow the same conclusion for RSTD 

· Measurement period when configured with PRS-RSRP

· Follow the same conclusion for RSTD 

· Measurement period of multiple PRS layers – overlapping case

· Follow the same conclusion for RSTD. 

· Measurement period of multiple PRS layers – non-overlapping case

· Follow the same conclusion for RSTD. 

· SRS/PRS being in same band

· Option 2: Basic requirements for UE Rx-Tx time difference measurements shall be based on the assumption that positioning SRS resources are in the same band as PRS frequency layer
· Whether SRS periodicity should be accounted in measurement period

· Option 1: No
· Option 2: Yes, TUERxTx,Total can be extended if the SRS periodicity is longer than max(TPRS,i)
· Whether SRS dropping should be accounted in measurement period

· Option 1: No
· Option 3b: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified.

· Option 3c: The UE Rx-Tx requirements apply, regardless of how many SRS are dropped.

· SRS/PRS proximity
· Option 1: The measurement requirements are applicable only if any SRS transmission is within [-X, X] msec of at least one DL PRS resource of each of the TRPs in the assistance data. Accuracy requirements is independent of PRS and SRS separation. 
· Option 1a: X=50ms
· Option 1b: X=160ms
· Option 1c: X=25ms
· Option 1d: X=80ms
· Option 2: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS (LTE approach)

· Option 3: The requirements for UE Rx-Tx apply provided MIN(Tsrs, Tprs) ≤ 2*X; X = FFS (e.g. X = 160 ms).
· Measurement period in case of TA change (due to TA command)

· Option 1: UE should continue Rx-Tx time difference measurement (existing requirements are applicable)

· Option 2a: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period

· Option 2b: UE Rx-Tx time difference measurement requirements are not applicable if TA change is received during the measurement period.

· Measurement period in case of TA change (due to UE autonomous adjustment)

· Option 1: UE should continue Rx-Tx time difference measurement (existing requirements are applicable)

· Option 2: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period

· Option 3: follow the same conclusion from sub-topic 3-10.

· Measurement period in case of NTA_offset change

· Option 1: No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change

· Option 2: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) that the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period.

· UE Rx-Tx at cell change

· Option 1: The UE Rx-Tx time difference measurement is restarted if the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period. In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete. Otherwise, the UE shall continue the on-going UE Rx-Tx time difference measurement after the serving cell change

· Other options not precluded
In this contribution, we discuss further the open issues on UE Rx-Tx measurement requirements.
2 Measurement Period for UE Rx-Tx with PRS-RSRP

UE Rx-Tx measurement may or may not be configured together with PRS-RSRP. When the two measurements are configured together, it is reasonable to assume that the UE Rx-Tx measurement and the other measurement are performed during the same measurement period. However, since both measurements are going to be used for positioning the UE, they both need to be reliable and accurate and meet the accuracy requirements. Therefore, the measurement period should be such as both accuracies can be met.

· Proposal 1: When UE Rx-Tx is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for UE Rx-Tx (configured without PRS-RSRP), then the UE Rx-Tx measurement continues over the entire PRS-RSRP measurement period.

3 The Impact of dropped SRS transmissions

In some cases, the UE is allowed to drop its UL transmissions.

The following was agreed on dropped SRS transmissions in RAN4#97-e:

· Whether SRS dropping should be accounted in measurement period
· Option 1: No
· Option 3b: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified.
· Option 3c: The UE Rx-Tx requirements apply, regardless of how many SRS are dropped.
· Observation 1: Option 1 (Whether SRS dropping should be accounted in measurement period: No) is ambiguous, since it is not clear which requirement applies when the dropping does occur.

· Proposal 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified (aligned with RAN4 agreement on PRS dropping).
4 The Impact of SRS periodicity

The UE Rx-Tx time difference measurement is performed based on PRS but also SRS, both of which are not continuously available unlike CRS in LTE. Furthermore, the PRS and SRS support very large range of periodicities. The PRS resource periodicity (TperPRS) comprises:
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The periodic SRS resource can be configured with one of the following SRS periodicity (TSRS):

TSRS ( {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560} slots.

PRS and SRS can be configured independently, with their respective periodicities. Furthermore, SRS is configured by the serving cell via RRC while PRS is configured by LMF via LPP. Furthermore, SRS and PRS may even be on different frequencies. It is therefore practically impossible to require any dependency between the SRS configuration and PRS configuration.

· Observation 2: SRS and PRS are configured by different network nodes (serving cell and LMF/neighbor cells, respectively).
· Observation 3: The SRS is always transmitted to the serving cell while PRS may have to be received from non-collocated neighbor cells.

· Observation 4: The network cannot guarantee that SRS and PRS occur in a certain time relation and/or with the same periodicity. Even the first SRS may be transmitted much later or get never transmitted in the worst case.
Therefore, both the PRS configuration and SRS configuration impact the measurement period of the UE Rx-Tx time difference measurement, e.g., both PRS periodicity and SRS periodicity.
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5 Time Relation between SRS and PRS

RAN4 has discussed the need for a proximity condition of SRS and PRS resources in time for UE Rx-Tx time difference measurements.
A tight separation requirement between SRS and PRS is a strong limitation on the network and scheduling.

· Proposal 4: The requirements for UE Rx-Tx apply provided MIN(Tsrs, Tprs) ≤ 2*X; X = FFS (e.g. X = 160 ms).
6 UE Rx-Tx measurement procedure under NTA_offset change

In RAN4#95-e, it has been agreed that:

· UE Rx-Tx time difference accuracy requirements do not apply under NTA_offset change during the measurement period

· FFS: whether/how this needs to be captured in the specification 

The above clarification is needed in the accuracy requirements as described later. 

It is also important that the UE does not combine measurement samples with different NTA offset values. Therefore, in addition to the above clarification for the accuracy requirements (see Section 5.4 below), it needs to be further clarified in the UE Rx-Tx measurement requirements as follows: 

· Proposal 5: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) that the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period.

7 UE Rx-Tx measurement procedure under TA adjustment

RAN4 earlier agreed the following on TA:
· Impact of PRS based measurements on UE timing:
· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.

However, with the above agreement, it is unclear what is the UE behavior and what are the UE requirements for the UE Rx-Tx measurement during which timing adjustment was applied at least once.
In RAN4#95-e, this has been captured as an open issue:

· FFS: whether UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times

· FFS: for UE autonomous adjustment and for network issued TA change

· Consider the issue together with gNB Rx-Tx time difference measurement behavior

Furthermore, for gNB it has been agreed that:

· In both serving and neighbour cells of the UE, gNB Rx-Tx accuracy shall not apply if UE transmit timing changes due to gNB sending Timing Advanced (TA) during the measurement period.

A similar clarification is needed also for UE Rx-Tx accuracy requirements, i.e., the accuracy requirements shall not apply (see Section 5.5 below). Furthermore, to align with the accuracy requirements applicability condition, it is important to make sure that inaccurate measurements are not continued and not reported, which means they have to be discarded.

· Observation 5: Neighbor cells are not aware of network-configured TA. Neither serving cell nor neighbor cell is aware of autonomous timing adjustments.
· Observation 6: For gNB, it has been already agreed that in both serving and neighbor cells of the UE, gNB Rx-Tx accuracy shall not apply if UE transmit timing changes due to gNB sending Timing Advanced (TA) during the measurement period.
· Proposal 6: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.
8 UE Rx-Tx measurement procedure under cell change

In the existing requirements in section 9.9.4.5 (Measurement Period Requirements) the following rule is defined under cell change:

· The UE Rx-Tx time difference measurement is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete.

The underlying assumption is that the SRS is configured for UE Rx-Tx time difference on the PCell, which is the basic scenario. 

According to the approved WF at RAN4#93, the following was agreed: 

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:
· the UE shall restart the UE Rx-Tx time difference measurement;
· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.
This means if the serving cell, which does not have SRS, changes then the UE can continue the UE Rx-Tx time difference measurement. The reason is that in this case the serving cell change does not impact the on-going UE Rx-Tx time difference measurement. Therefore, we suggest to modify the current wording as follows.
· Proposal 7: The UE Rx-Tx time difference measurement is restarted if the serving cell (PCell, PSCell, or SCell), which is configured with the SRS for the measurement, changes during the measurement period TUERx-Tx,Total. In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete. Otherwise, if the serving cell is not configured with the SRS for positioning, the UE shall continue the on-going UE Rx-Tx time difference measurement after the serving cell change, while meeting the accuracy requirements in clause 10.1.25.
9 Summary

The following have been observed and proposed in this contribution:

· Proposal 1: When UE Rx-Tx is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for UE Rx-Tx (configured without PRS-RSRP), then the UE Rx-Tx measurement continues over the entire PRS-RSRP measurement period.
· Observation 1: Option 1 (Whether SRS dropping should be accounted in measurement period: No) is ambiguous, since it is not clear which requirement applies when the dropping does occur.

· Proposal 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified (aligned with RAN4 agreement on PRS dropping).

· Observation 2: SRS and PRS are configured by different network nodes (serving cell and LMF/neighbor cells, respectively).
· Observation 3: The SRS is always transmitted to the serving cell while PRS may have to be received from non-collocated neighbor cells.

· Observation 4: The network cannot guarantee that SRS and PRS occur in a certain time relation and/or with the same periodicity. Even the first SRS may be transmitted much later or get never transmitted in the worst case.
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· Proposal 4: The requirements for UE Rx-Tx apply provided MIN(Tsrs, Tprs) ≤ 2*X; X = FFS (e.g. X = 160 ms).
· Proposal 5: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) that the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period.

· Observation 5: Neighbor cells are not aware of network-configured TA. Neither serving cell nor neighbor cell is aware of autonomous timing adjustments.
· Observation 6: For gNB, it has been already agreed that in both serving and neighbor cells of the UE, gNB Rx-Tx accuracy shall not apply if UE transmit timing changes due to gNB sending Timing Advanced (TA) during the measurement period.
· Proposal 6: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.
· Proposal 7: The UE Rx-Tx time difference measurement is restarted if the serving cell (PCell, PSCell, or SCell), which is configured with the SRS for the measurement, changes during the measurement period TUERx-Tx,Total. In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete. Otherwise, if the serving cell is not configured with the SRS for positioning, the UE shall continue the on-going UE Rx-Tx time difference measurement after the serving cell change, while meeting the accuracy requirements in clause 10.1.25.
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