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Introduction
In RAN4#98-e meeting, several questions surrounding UE Rx-Tx measurement requirements were discussed further, with agreements and open issues captured in a WF [1]. In this paper, we discuss the following remaining questions:
· SRS impact on measurement period
· Proximity between SRS transmission and PRS reception
· Measurement period when UL timing changes
· Impact of cell change on measurement requirements
SRS impact on measurement period
The first question is whether the previously agreed formulation of the UE Rx-Tx measurement period needs to be modified to account for SRS periodicity. This issue was discussed in RAN4#96-e, RAN4#97-e and RAN4#98-e without resolution. Currently we are presented with the following options [1]:
· Option 1: No
· Option 2: Yes,  can be extended if the SRS periodicity is longer than max()

Note that to perform UE Rx-Tx measurements, defined in TS 38.215 subclause 5.1.30 [2], it is not necessary to transmit SRS for positioning. According to the definition, “TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.” Uplink timing is maintained by the UE regardless of whether or not the UE transmits SRS for positioning. Of course, for the purposes of calculating RTT, transmissions of SRS for positioning are needed so that the gNB can measure Rx-Tx time difference as well. However, that need can be addressed by enforcing SRS/PRS proximity requirements instead of modifying the UE Rx-Tx measurement period.
Proposal 1: The UE Rx-Tx measurement period does not need to explicitly consider SRS periodicity (option 1). Instead, SRS/PRS proximity requirements should be adopted as applicability condition. 
The next question is whether SRS dropping should be accounted for in the measurement period. This question has also been discussed previously without resolution. The options under considerations are the following:
· Option 1: No
· Option 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).

As explained above, to perform UE Rx-Tx measurements it is not necessary to transmit SRS for positioning. Measurements can be performed and reported as long as the UE is able to receive/process DL-PRS. Therefore, there is no need to account for SRS dropping in the UE Rx-Tx measurement period.

Proposal 2: SRS dropping should not be accounted for in the UE Rx-Tx measurement period and existing requirements apply.
Proximity between SRS transmission and PRS reception
This topic has been discussed in RAN4 quite extensively. Our view regarding the need for proximity between SRS and PRS was provided in a previous contribution [3]. After further discussion in RAN4#98-e, the following options are being considered [1]:
· Option 1: The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-X, +X] ms of at least one DL PRS resource of each of the TRPs in the assistance data 
· Option 1a: X=50ms
· Option 1b: X=160ms
· Option 1c: X=80ms
· Option 2: The requirements for UE Rx-Tx apply provided MIN(Tsrs, Tprs) ≤ 2*X; X = FFS (e.g. X = 160 ms)
· Option 3: The requirements for UE Rx-Tx apply provided MIN(Tsrs, Tprs) ≤ 2*Y; Y = FFS (e.g. Y = 320 ms).

To reiterate the motivation for SRS/PRS proximity, the intent of the proximity condition is to enable UE Rx-Tx and gNB Rx-Tx measurements to be made sufficiently close in time to each other so that there is not significant impact to round-trip time (RTT) from either clock frequency drift and UE mobility. Even if clock frequency drift is neglected, UE mobility alone can still be a significant factor. E.g. a UE moving at 80 km/h would travel about 3.5 meters in 160 ms. If UE Rx-Tx and gNB Rx-Tx measurements were made 160 ms apart from each other in that scenario, we would expect an error in RTT of 6 ns.
At the conclusion of the discussion in RAN4#98-e, seven companies offered support for option 1. Five companies (CATT, Intel, vivo, HW, OPPO) indicated they could compromise to X=160 ms (option 1b) and three companies (QCOM, Huawei, ZTE) indicated they could compromise to X=80 ms (option 1c) [4]. Ericsson expressed some concerns [4] about option 1, which we will address below.
· Concern 1: “[Option 1] implies that a single SRS transmission is sufficient and can be used for a PRS measurement performed over a long measurement period based on multiple samples. The condition in Option 1 may help a measurement based on a single sample, but how does this help a measurement based on multiple samples?”
Response: The proposed condition is a compromise, recognizing there are challenges and limitations on how to achieve proximity between a majority of SRS and PRS resources. The proposal asks for (at least) one SRS transmission within X ms of at least one DL-PRS resource instance for each TRP. We agree that more would be better.
· Concern 2: “Furthermore, a configured PRS symbol still is not necessarily used for the measurement, depending e.g., on gaps, PRS offset across frequencies, etc. and the NW actually does not even know which symbols are used for PRS measurements.”
Response: We’d like to clarify what is meant by NW in this context. In our view the burden of trying to meet the proximity condition falls upon the LMF, not the individual gNBs. The LMF selects and configures the assistance data for the UE, so it dictates which PRS resources the UE will measure (subject to UE capabilities). In addition, we understand the LMF is able to influence the SRS configuration (at least SRS periodicity). UE Rx-Tx and gNB Rx-Tx measurements are reported with corresponding time stamps so the LMF can (and should) use those to decide how to pair measurements when calculating RTT.
· Concern 3: “Also, when PRS are shifted across frequencies to not overlap, the condition may make it impossible to use the same SRS configuration (which is in PCell only) for all frequencies.”
Response: PRS resources occur at different time offsets even within a single PFL. As stated above, the proposed condition is a compromise recognizing there are challenges to achieving proximity between a majority of SRS and PRS resources. Your concern points to the fact that when there are PRS resources occurring at different time offsets within a PRS period, it would be beneficial to have corresponding SRS transmissions sufficiently close in time. 

In our view, options 2 and 3 are inferior to option 1 because they do not specify any requirement when both Tsrs and Tprs are larger than 2*X. If adopted, they may discourage the use of longer SRS and PRS periodicities. We support on option 1c with revised wording as below.
Proposal 3: The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-PeriodicityAndOffset of the SRS resources for positioning are such that at least one SRS transmission is within [-80, +80] ms of at least one DL PRS resource instance from each of the TRPs in the assistance data.
Measurement period when UL timing changes
There are three open issues regarding the applicability of UE Rx-Tx time difference measurement requirements when there is a UL timing adjustment during the measurement period.
The first issue concerns the case when the UE receives a timing advance (TA) command from the gNB during the measurement period. There are questions about the expected UE behavior and about applicability of measurement period requirements. The following options are being considered [1]:
· UE behavior:
· Option 1: UE shall continue UE Rx-Tx time difference measurement and meet accuracy requirements
· Option 2: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (based on network-configured TA) changes during the UE Rx-Tx measurement period
· Applicable measurement period requirements
· Option 1: the UE Rx-Tx time difference measurement requirement are not applicable

Given that there is already a prior agreement in RAN4 [5] stating that accuracy requirements do not apply in the case in question, we support option 1 for the applicability question. We think the UE behavior can be left up to implementation.
Proposal 4: UE Rx-Tx time difference measurement requirements are not applicable if TA command is received during the measurement period.
The second question concerns the case when there is an autonomous UL timing adjustment during the measurement period. We are presented with two options:
· UE behavior
· Option 1: UE shall continue UE Rx-Tx time difference measurement and UE Rx-Tx time difference measurement requirements shall apply
· Option 2: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous) changes during the UE Rx-Tx measurement period

It is not clear whether the existing RAN4 agreement referenced above includes the case of autonomous UL timing adjustment. Our view is that the UE should be allowed to adjust its timing during the measurement period and correctly account for it when reporting UE Rx-Tx time difference measurements. In fact, this should also be true of the previous case, where the UL timing adjustment is due to TA command from the network. Since there is an existing RAN4 agreement for the previous case, we supported the option consistent with that agreement. In this case we support option 1.
Proposal 5: UE shall continue UE Rx-Tx time difference measurement and UE Rx-Tx time difference measurement requirements shall apply when there is an autonomous UL timing adjustment during the measurement period (option 1).
In our view the real issue here is how UL timing changes would affect the gNB Rx-Tx measurements (and RTT), which are measured concurrently (at the gNB) during UE Rx-Tx measurement period. The UE knows how it is adjusting its timing and could properly account for any such changes when reporting UE Rx-Tx measurements. However, the gNB is not aware of UL timing changes and it would have to estimate them.
Observation 1: The issue with UL timing changes occurring during the UE Rx-Tx measurement period is their effect on gNB Rx-Tx measurements and, ultimately, RTT.
The third question concerns the case when NTA_offset changes during the measurement period. We are presented with three options:
· Option 1: No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change and the current accuracy requirements apply
· Option 2: No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change, provided the current accuracy requirements do not apply
· Option 3: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) are not applicable if the NTA_offset changes during the measurement period

For this case there is also a prior agreement [5] stating the measurement accuracy requirements do not apply. We can support a variant of option 2.
Proposal 6: It is clarified in the specifications (section 9.9.4 in TS 38.133) that UE Rx-Tx measurement requirements are not applicable if the NTA_offset changes during the measurement period. 


Impact of cell change on measurement requirements
The final questions concern the case of cell change other than HO during the measurement period. The following options were offered in the WF [1]:
· Cell change impacting SRS configuration
· Option 1: No need to specify requirements for SRS reconfiguration.
· Option 2: If the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period, UE Rx-Tx measurement requirements do not apply
· What is the UE behaviour in this case?
· Option 3: If the serving cell (PCell, PSCell, or SCell) configured with the SRS for the measurement, changes during the measurement period, UE Rx-Tx time difference measurement is restarted, after the SRS reconfiguration on the target cell is complete. 
· In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
· Cell change not impacting SRS configuration
· Option 1: if the serving cell (PSCell or SCell) changes while not configured with the SRS for positioning, the UE shall continue the on-going UE Rx-Tx time difference measurement
· the current measurement period applies
· accuracy requirements in clause 10.1.25 apply
· Option 2: if the serving cell (PSCell or SCell) changes while not configured with the SRS for positioning, the UE shall continue the on-going UE Rx-Tx time difference measurement
· the current measurement period is extended
· accuracy requirements in clause 10.1.25 apply

In case of cell change in the serving cell configured with SRS for positioning, the UE would stop the current measurement. Measurements would resume when the location server makes a new request.
Proposal 7: If the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period, UE Rx-Tx measurement requirements do not apply.
Regarding cell changes not impacting the SRS configuration, we think it would be better for RAN4 to consider specific cases before deciding on their impact to UE Rx-Tx requirements.
Proposal 8: UE Rx-Tx measurement requirements in the case of serving cell changes other than HO that do not impact the configuration of SRS for positioning are FFS.
Conclusions
Proposal 1: The UE Rx-Tx measurement period does not need to explicitly consider SRS periodicity (option 1). Instead, SRS/PRS proximity requirements should be adopted as applicability condition. 
Proposal 2: SRS dropping should not be accounted for in the UE Rx-Tx measurement period and existing requirements apply.
Proposal 3: The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-PeriodicityAndOffset of the SRS resources for positioning are such that at least one SRS transmission is within [-80, +80] ms of at least one DL PRS resource instance from each of the TRPs in the assistance data.
Proposal 4: UE Rx-Tx time difference measurement requirements are not applicable if TA command is received during the measurement period.
Proposal 5: UE shall continue UE Rx-Tx time difference measurement and UE Rx-Tx time difference measurement requirements shall apply when there is an autonomous UL timing adjustment during the measurement period (option 1).
Observation 1: The issue with UL timing changes occurring during the UE Rx-Tx measurement period is their effect on gNB Rx-Tx measurements and, ultimately, RTT.
Proposal 6: It is clarified in the specifications (section 9.9.4 in TS 38.133) that UE Rx-Tx measurement requirements are not applicable if the NTA_offset changes during the measurement period. 
Proposal 7: If the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period, UE Rx-Tx measurement requirements do not apply.
Proposal 8: UE Rx-Tx measurement requirements in the case of serving cell changes other than HO that do not impact the configuration of SRS for positioning are FFS.
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