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Introduction
UE Rx-Tx timing difference measurement was discussed in RAN4#95-e meeting with WF agreed in [1]. In this paper, we further discuss the following topics:
· Measurement capability 
· Proximity of SRS transmission with PRS
· Measurement period requirements
· Measurement accuracy requirements
Measurement capability 
With regard to whether RAN4 should define a minimum number of measurements that UE must be capable of doing, our views are expressed in [2] and we reiterate them here:
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make multi-RTT work in any scenario.
Proposal 1. RAN4 to not define a minimum value for number of UE Rx-Tx measurements that UE shall be capable of reporting. 
One issue pertaining to UE Rx-Tx time difference measurement capability is whether separate requirements should be defined for the case where the positioning SRS resource is in a different band from PRS frequency layer. In our understanding, this is already decided and agreed in RAN1 UE feature list to have a separate UE capability:
	13-11a
	Association between SRS for positioning and DL PRS for Multi-RTT
	1. Support of measurements derived on one or more DL PRS resource/resource sets which may be in different positioning frequency layers for SRS transmitted in a single CC. Note: PRS and SRS may be in a different band
	Optional with capability signaling



Therefore, the basic set of requirements for UE Rx-Tx time difference should be based on the basic UE capability that assumes positioning SRS resource are in the same band as PRS frequency layer. RAN4 can discuss whether to define requirements for the case when positioning SRS resource is in different band from PRS frequency layer.
Proposal 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 layers. 
Proximity of SRS transmission with PRS reception
· FFS: Proximity between SRS and PRS
· 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 [-25, 25] msec of at least one DL PRS resource of each of the TRPs in the assistance data
· Option 2. Rx-Tx timing difference measurement period requirements apply provided that there is at least one SRS transmission within the measurement period.
· Option 3. The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS. If the closest subframes #i and #j are separated by more than ½ subframe, the UE shall compensate for the difference in the received timing of radio frame #i used for TUE-TX estimation and the subframe #j.
· Other options not precluded


Ideally, all measurements used in generating a positioning fix should be made concurrently. If measurements are performed at different points in time for generating a position fix, UE motion as well as changes to UE clock and gNB clocks result in measurement errors that ultimately can produce position errors. For instance, traveling at highway speed of 30 m/s can result in a 1 s * 30 m/s = 30 m measurement error if two measurements are performed 1 second apart.  
More importantly, the UE and gNB clock drift can produce errors in timing measurements as explained below. Figure 1 illustrates an example of PRS reception with SRS transmission timeline where PRS periodicity is half of SRS periodicity. For Rx-Tx timing difference measurements corresponding to PRS instance #0, SRS instance #0 is used. Similarly, for Rx-Tx timing difference measurements corresponding to PRS instance #2, SRS instance #2 is used. However, for Rx-Tx timing difference measurements corresponding to PRS instance #1, either SRS instance#0 or #1 should be used which can have degraded accuracy due to long time lapse between PRS reception and SRS transmission and impact of clock drifts. 


Figure 1 Proximity of PRS reception and SRS transmission in UE Rx-Tx timing difference measurements

To quantify the impact of clock drift, the transmit signal quality and timing error requirements should be looked at. Transmit timing error requirements in clause 7.1.2 of TS 38.133 is on the order of several Tc. For instance, the UE transmit timing can drift from the beginning of the positioning measurements with  to the end of the positioning measurement with  at 15 kHz SCS and UE still meets the transmit timing requirements and requiring no timing adjustment. 
Observation 2. UE motion, UE clock drift and gNB clock drift can result in significant errors for measurements that are performed apart in time but are all used to generate the same position fix.
Moreover, in TS 38.101-1, the transmit signal quality requirements is:
6.4 Transmit signal quality 
6.4.1 Frequency error 
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of 1 ms compared to the carrier frequency received from the NR Node B.

This means UE clock drift can be 100 part-per-billion (ppb). With the stricter 3 - 10m accuracy targets for commercial use cases in NR, it is vital to keep the measurement error due to drift and other impairment at least an order of magnitude below the accuracy requirements which is on the order of Tc. Hence, assuming a maximum 0.05Tc error budget for clock drift during the measurement:

It is thus proposed that measurement requirements be applicable when the SRS transmissions are within [-25, 25] ms of at least one DL PRS resource from each of the TRPs in the assistance data.
In the last RAN4 meeting, a concern was raised that SRS capacity within the range of [-25, 25] ms will be limited since SRS is a per-UE resource whereas PRS is more of a broadcast resource. Our understanding is that SRS for positioning is configured on-demand when a positioning session is initiated. In such event, UE’s configured SRS should follow Proposal 7 to guarantee the positioning performance requirements. When the positioning session is completed, the SRS resource is released and available for other UEs. Also, given the typical sparsity of PRS (long periods), a rather wide range is available for SRS transmission for other purposes. For instance, with PRS periodicity of 160ms, there is a range of 110ms that is available for SRS transmission for purposes other than positioning and the range of +/- 25ms around each PRS occasion can also be used for such purposes if there the number of UE’s in a positioning session is small enough to allow this capacity to be used. In other words, we do not anticipate any material impact on SRS capacity (either for positioning or other means) to arise from Proposal 3 as the total SRS capacity is not impacted by Proposal 3 which only prioritizes SRS for positioning to be scheduled around PRS. 
Observation 3. SRS for positioning is configured on-demand and released when positioning session is completed. With sparse PRS periods, there is sufficient capacity for SRS transmission both within and outside of the [-25, 25]ms range of every PRS period.
In RAN4#95-e meetings, some companies argued that if there is one SRS transmission in the UE Rx-Tx measurement period, the accuracy requirements shall be applicable. Our analysis shows that even if DL-PRS and UL-SRS periodicities are identical, the impact on accuracy requirements can be significant. 
Figure 2 shows the impact of drift and UE mobility due to distance of DL-PRS reception and UL-SRS for positioning transmission by ½ the DL-PRS periodicity for a range of DL-PRS periodicities.  With an assumption that DL-PRS periodicity is equal to UL-SRS for positioning periodicity, the worst-case offset between the two is ½ the periodicity.  For instance, with 160 ms periodicity, the worst-case offset is +/- 80 ms.  The blue curve in the plot shows the measurement error due to UE clock offset of 100 ppb (0.1 ppm).
For reference, UE motion has a similar impact on measurement error, although the projection of the error depends on the UE velocity and the direction to the various TRPs.  Error curves for UE motion of fast walking speed (1 m/s), urban driving (10 m/s) and highway speeds (35 m/s) are shown in the other solid lines in the plot.
We assume that there’s an error budget of 10% of the target position error, and the dashed lines in the plot show error thresholds corresponding to the target accuracies of 3 m for commercial indoor use case, 10 m for the commercial outdoor use case, and the 50m regulatory use case.  The target error thresholds are 0.3 m, 1 m and 5 m respectively.
Figure 2 shows that if PRS and SRS periodicity is 640ms and each SRS occasion is 320ms away from a PRS occasion, there is 10m error just from clock drift which is well beyond the positioning accuracy requirements in R16.
[image: ]
[bookmark: _Ref46933333][bookmark: _Ref23932440][bookmark: _Hlk24061728]Figure 2 Impact from UE motion and clock drift on measurement error at TPRS/2 offset between DL-PRS and UL-SRS for positioning
Based on this analysis, our view is that RAN4 is left with two options regarding the proximity of DL-PRS and UL-SRS:
1. Define a proximity window such that any SRS transmission is within this window of at least one DL PRS resource if each of the TRPs in the assistance data
· With this approach, UE Rx-Tx measurement accuracy requirements will be independent of maximum separation of DL PRS and UL SRS
2. Do not define a proximity window as in option 1
· With this approach, UE Rx-Tx measurement accuracy requirements shall be dependent on maximum separation of DL PRS and UL SRS (i.e., the larger the separation of PRS and SRS, the looser the accuracy requirements)

Proposal 3. Regarding the proximity of SRS transmission with PRS reception, RAN4 to down-select from the following two options:
· Option A: The measurement accuracy requirements for UE Rx-Tx time 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 [-25, 25] ms of at least one DL PRS resource of each of the TRPs in the assistance data. 
· NOTE: Accuracy requirements shall be independent of PRS and SRS separation with option A
· Option B: The measurement accuracy requirements for UE Rx-Tx time difference is applicable regardless of time separation of SRS transmissions and PRS receptions
· NOTE: Accuracy requirements shall be a function of maximum time separation among SRS transmissions and their corresponding closest PRS receptions within the Rx-Tx time difference measurement period, i.e., the larger the maximum separation, the looser the accuracy requirements
It is further noted that the above proposal is beneficial to both UE and gNB Rx-Tx time difference measurements. Moreover, option 2 from WF which implies even only one SRS transmission during the measurement period is sufficient for applicability of requirements is not even practical from gNB perspective. In our understanding, gNB cannot arrive at a reasonable estimate of TOA from SRS transmission so it is odd to impose applicability of UE Rx-Tx time difference requirements with one SRS transmission on the UE side.
Observation 4. In many typical scenarios, gNB cannot arrive at a reasonable estimation of gNB Rx-Tx time difference with one SRS transmission during the measurement period. Hence, it is odd to impose applicability of UE Rx-Tx time difference requirements with one SRS transmission on the UE side.
It is also noted that option 3 from WF is not different from option 2 from WF; it implies one SRS transmission during a measurement period makes requirements applicable and the rest of the wording in option 3 is simply rephrasing of Rx-Tx time different definition from TS 38.215.
Measurement period 
The formulation for the RSTD measurement period is presented in [2]. The UE Rx-Tx measurement period formulation is identical except that the signaled capabilities for Rx-Tx measurement are different from RSTD measurement. 
· FFS: Whether SRS periodicity should be accounted in Rx-Tx time difference measurement period 
· FFS: Whether SRS dropping should be accounted in measurement period
· [bookmark: _Hlk46328343]FFS: Measurement period with HO
· Option 1. When the UE Rx-Tx time difference measurement period is extended, the extension depends on the number of serving cell changes and on the corresponding interruption time
· Option 2. UE should re-start the Rx-Tx time difference measurement after cell change
· 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


One issue raised in last RAN4 meeting was whether the Rx-Tx time difference measurement period should be a function of max(TPRS, TSRS). In our view, this is unnecessary given our proposal on proximity of SRS and PRS in time (Section 3). 
Observation 5. It is not necessary to make the UE Rx-Tx time difference measurement period a function of TSRS.
Similar to RSTD measurements, our view is that SRS dropping for any reason should not be considered in the definition of the measurement period.
Proposal 4. RAN4 to define requirements for UE Rx-Tx time difference measurement period assuming no SRS dropping due to any reason.
Regarding measurement period with HO, it is noted that in general, SRS has to be reconfigured in the target cell when HO is complete. Hence, the measurement period should account for this reconfiguration and since such reconfiguration is typically not quantified in RAN4, our preference is to assume that Rx-Tx time difference measurement period restarts from the time that SRS reconfiguration in the target cell is complete. It is also noted that this is not equivalent of positioning session restarting; UE cannot restart a positioning session measurement; only LMF can. 
Proposal 5. UE Rx-Tx time difference measurement period is restarted after HO when SRS reconfiguration on the target cell is complete. 
On timing adjustment for UE UL transmission, as agreed for the accuracy requirements, the measurement requirements should not be applicable if a TA change is received during the measurement period. However, autonomous adjustment of timing can be compensated and handled by UE when reporting UE Rx-Tx time difference measurement report. 
Proposal 6. UE Rx-Tx time difference measurement requirements are not applicable if TA change is received during the measurement period. UE Rx-Tx time difference measurement requirements are applicable for UE autonomous adjustment of UL timing.
 Measurement Accuracy 
In our understanding, the number of samples used for measuring TUE-RX in Rx-Tx timing difference measurement should be the same as the number of samples used for RSTD measurement. In both types of measurements, UE measures TOA of one or two cells. Thus, if number of samples (defined as the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor) used for RSTD estimation is , the number of samples for Rx-Tx timing measurement should also be .
Proposal 7. The number of samples, , used to define the accuracy requirements of Rx-Tx timing difference measurement to be the same as the number of samples used to define the accuracy requirements for RSTD measurements. 
Moreover, it is noted that:
Observation 6. Two factors impact the accuracy requirements of gNB/UE Rx-Tx time difference measurement:
· TUE-RX estimation error from DL PRS (for UE) or UL SRS (for gNB) resources
· Rx-Tx calibration error

Regarding the Rx-Tx calibration error, the error budget should be viewed holistically from both gNB and UE perspective. The performance and accuracy of multi-RTT depends on Rx-Tx calibration error on both UE and gNB side. Hence, allocating a small error budget on one side (UE or gNB) while permitting a disproportionately larger error budget on the other side is nonsensical. 
Observation 7. The performance and accuracy of multi-RTT depends on Rx-Tx calibration error on both UE and gNB. Hence, the error budget should be viewed holistically from both sides. Allocating a small error budget on one side (UE or gNB) while permitting a disproportionately larger error budget on the other side is nonsensical.
In last RAN4 meeting, some company proposed having separate accuracy requirements for serving and neighbor cells. We disagree with this proposal and do not believe that such segregation is necessary. Accuracy requirements shall be based on one set of side conditions (as discussed in Section 6.2) and as long as the side condition is met, accuracy requirements are applicable regardless of whether the measurement is on the serving or neighbor cell.
Proposal 8. Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined. 
Conclusions
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make multi-RTT work in any scenario.
Proposal 1. RAN4 to not define a minimum value for number of UE Rx-Tx measurements that UE shall be capable of reporting. 
Proposal 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 layers. 
Observation 2. UE motion, UE clock drift and gNB clock drift can result in significant errors for measurements that are performed apart in time but are all used to generate the same position fix.
Observation 3. SRS for positioning is configured on-demand and released when positioning session is completed. With sparse PRS periods, there is sufficient capacity for SRS transmission both within and outside of the [-25, 25]ms range of every PRS period.
[bookmark: _Hlk47432011]Proposal 3. Regarding the proximity of SRS transmission with PRS reception, RAN4 to down-select from the following two options:
· Option A: The measurement accuracy requirements for UE Rx-Tx time 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 [-25, 25] ms of at least one DL PRS resource of each of the TRPs in the assistance data. 
· NOTE: Accuracy requirements shall be independent of PRS and SRS separation with option A
· Option B: The measurement accuracy requirements for UE Rx-Tx time difference is applicable regardless of time separation of SRS transmissions and PRS receptions
· NOTE: Accuracy requirements shall be a function of maximum time separation among SRS transmissions and their corresponding closest PRS receptions within the Rx-Tx time difference measurement period, i.e., the larger the maximum separation, the looser the accuracy requirements

Observation 4. In many typical scenarios, gNB cannot arrive at a reasonable estimation of gNB Rx-Tx time difference with one SRS transmission during the measurement period. Hence, it is odd to impose applicability of UE Rx-Tx time difference requirements with one SRS transmission on the UE side.
Observation 5. It is not necessary to make the UE Rx-Tx time difference measurement period a function of TSRS.
Proposal 4. RAN4 to define requirements for UE Rx-Tx time difference measurement period assuming no SRS dropping due to any reason.
Proposal 5. UE Rx-Tx time difference measurement period is restarted after HO when SRS reconfiguration on the target cell is complete. 
Proposal 6. UE Rx-Tx time difference measurement requirements are not applicable if TA change is received during the measurement period. UE Rx-Tx time difference measurement requirements are applicable for UE autonomous adjustment of UL timing.
Proposal 7. The number of samples, , used to define the accuracy requirements of Rx-Tx timing difference measurement to be the same as the number of samples used to define the accuracy requirements for RSTD measurements. 
Observation 6. Two factors impact the accuracy requirements of gNB/UE Rx-Tx time difference measurement:
· TUE-RX estimation error from DL PRS (for UE) or UL SRS (for gNB) resources
· Rx-Tx calibration error

Observation 7. The performance and accuracy of multi-RTT depends on Rx-Tx calibration error on both UE and gNB. Hence, the error budget should be viewed holistically from both sides. Allocating a small error budget on one side (UE or gNB) while permitting a disproportionately larger error budget on the other side is nonsensical.
Proposal 8. Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined. 
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