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Introduction
The RRM requirements for UE Rx-Tx time difference measurements are discussed in RAN4#95-e, and the outcomes are captured in the WF [1]. 
The remaining open issues are 
1) Measurement period 
2) Measurement capability
3) Side condition and accuracy
4) Report mapping
Based on the discussions in RAN#88, issue 1-2 are critical for core part completion and are listed in the exception sheet for the WI [2], issue 3-4 are considered for performance part.
In this paper we will provide our views on the remaining issues in Rx-Tx time difference requirements.
Discussion
0. Measurement period
In our view, the measurement period requirements for RSTD can be reused for Rx-Tx time difference. The RSTD measurement period is addressed in our companion paper [3], and all the proposals in section 2.1 of [3] can be applied for Rx-Tx time difference. 
Next, we will discuss some specific issues for Rx-Tx time difference measurement.
Applicable scenarios
	· For UE Rx-Tx time difference, RAN4 requirements are to be defined at least for the case where the positioning SRS resource is on the same band as PRS frequency layer
· FFS: if requirements are to be defined for the case where the positioning SRS resource is in a different band from PRS frequency layer


In our view, in typical cases multi-RTT positioning will be based on PRS and SRS in the same band. Of course, from signalling perspective, it is possible that UE measures PRS in band X and sends SRS in band Y, and Rx-Tx time difference is calculated based on UL Tx timing in band Y. However, there are several issues with such configuration that may compromise the correct functioning of multi-RTT, e.g.
· UL Tx timing is different in band X and band Y, so the Rx-Tx time difference is not reflecting the RTT caused by the distance between gNB and UE
· Different bands may be served by different RF chains, so the group delay between the antenna and baseband can be different for different bands
· The physical location of antennas for different bands may be different at gNB
Therefore, we suggest to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
Proposal 1: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
Consideration of SRS
	· FFS: Whether SRS periodicity should be accounted in Rx-Tx time difference measurement period 
· FFS: Whether SRS dropping should be accounted in measurement period


We do not think SRS periodicity needs to be included in the Rx-Tx time difference measurement period. What UE is measuring is the DL PRS, i.e. the Rx timing, and by definition in 38.215 as copied below, the Tx timing is not dependent on SRS transmission. For the same reason, SRS dropping should not be accounted in the measurement period
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.


Proposal 2: SRS periodicity or SRS dropping is not accounted in UE Rx-Tx time difference measurement period.
HO and TA change 
	· 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


For HO case, the difference between option 1 and option 2 is whether UE should keep (option 1) or abandon (option 2) the old measurements obtained before HO. Due to HO, the UL timing will be changed, and depending on UE implementation, the old measurements may be based on old or new UL timing. On the other hand, gNB of neighbour cells may or may not be aware of HO of the UE, and the gNB Rx-Tx time difference measurement may also be based on the old or new UL timing. Therefore, it is difficult to say one option is technically better than the other. We slightly prefer option 1, which is same as other PRS based measurements.
Proposal 3: Adopt option 1 for Rx-Tx time difference in HO case: 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.
The consideration for TA change case is similar. In addition, in RAN4#95-e there is a discussion on possible difference between gNB triggered TA change with TA command and UE autonomous TA adjustment. In our view, the same UE behaviour can be defined for both cases. The amount of autonomous TA adjustment can be up to several Ts, and although it is smaller compared to gNB triggered TA change, it is large enough from positioning perspective, thus will impact the measurement accuracy. Also, gNB of neighbour cell is not aware of TA change of the UE, either gNB triggered or UE autonomous, so gNB will continue the Rx-Tx time difference measurement in both cases. 
Proposal 4: UE shall continue Rx-Tx time difference measurement, even the timing of its UL transmissions changes during the measurement period. 
PRS/SRS proximity
	· 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


From point view of positioning performance, there is a motivation to have PRS/SRS proximity such that the time points for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement are not too far apart in time. 
On the other hand, it will impose a restriction on network implementation. PRS is transmitted by gNBs of neighbour cells, and it is configured to UE by LMF via LPP, so serving gNB, who configures UE SRS transmission does not necessarily know the PRS configurations. Also, the SRS capability around PRS is limited if the allowed range is small.
To move forward, we propose to go with option 1 but with larger range. Assuming UE frequency error is 0.1 ppm which is required by 38.101, and the limit on the time drift is 10ns which corresponds to 3m, it gives the range of  [-100, +100]ms. Considering UE movement with velocity of 30km/h, 3m distance corresponds to a range of  [-360, +360]ms. Our suggestion on the range is [-160, +160]ms considering the trade-off between the possible impact on the positioning performance and the restrictions on the network implementation and the usability of the positioning method. 
Proposal 5: The measurement requirements for UE Rx-Tx timing difference is applicable provided that any SRS transmission is within [-160, +160]ms of at least one DL PRS resource of each TRP.
Measurement capability
The measurement capability discussion is common for all PRS measurements, and all the proposals in section 2.2 of [3] for RSTD also apply for UE Rx-Tx time difference.
Side condition and accuracy
	· FFS: Number of samples for UE Rx-Tx time difference accuracy
· FFS: Whether RSTD and UE Rx-Tx accuracy is agnostic to comb
· Companies are encouraged to study the impact of number of symbols within a slot 
· FFS: Assumption on antenna panel in defining accuracy requirements 


Based on our simulation results, we see it is feasible to define Rx-Tx time difference accuracy based on one sample, which means one PRS occasion. As discussed in subsection 2.1.1, a PRS resource can be repeated within a PRS occasion and the accuracy requirements should be defined with proper resource repetitions assumptions. For example, with small PRS BW, the accuracy requirements can be defined with repetitions to get satisfactory performance, while with large PRS BW it can be defined without repetition.
Proposal 6: Rx-Tx time difference accuracy requirements are defined based on single shot measurement.
On the antenna panel assumption, Proposal 8 in section 2.3 of [3] for RSTD also apply for UE Rx-Tx time difference. Whether RSTD and UE Rx-Tx accuracy is agnostic to comb is a performance issue, which is addressed in our companion paper [4].
	· FFS: Serving vs. neighbour for Rx-Tx time difference accuracy
· Option 1. Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined. 
· Option 2. Specify UE Rx-Tx time difference accuracy requirements for serving cell and for neighbor cell separately


On serving vs. neighbour for Rx-Tx time difference accuracy, in our view, one side condition is sufficient, as the positioning fix is based on Rx-Tx time difference measurement of multiple cells, so the limiting factor is the measurement accuracy of neighbor cell. Serving cell in multi-RTT positioning is no special compared to other cells. Also, serving cell may not be the reference cell, and it may even not transmit PRS at all, so we do not see the point to define separate side condition for serving cell.
Proposal 7: RAN4 to specify one set of accuracy requirements for UE Rx-Tx time difference based on side conditions for neighbor cells.
	· UE Rx-Tx time difference accuracy requirements do not apply under TA change during the measurement period
· 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 
· FFS: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period


It is agreed in RAN4#95-e that UE Rx-Tx time difference accuracy requirements do not apply under TA change during the measurement period, and the same is also agreed for the gNB Rx-Tx time difference [5]. 
When NTA_offset changes, the UE TA, which includes the constant NTA_offset and the gNB commanded TA, will change, so we do not see the need to capture the 2nd bullet in the spec. Also, NTA_offset is constant once the network is deployed, so NTA_offset change during UE Rx-Tx time difference measurement period is a rather corner case.
When HO occurs during the measurement period, the UE TA will also change, so following the agreement on the 1st bullet, it is straightforward that the UE Rx-Tx time difference accuracy requirements do not apply.
Proposal 8: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period.
Proposal 9: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.
Report mapping 
The reporting mapping discussion is common for RSTD and UE Rx-Tx time difference, and all the proposals in section 2.4 of [3] for RSTD also apply for UE Rx-Tx time difference.
Conclusions
In this paper we provided our views on RSTD measurement requirements.
Proposal 1: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
Proposal 2: SRS periodicity or SRS dropping is not accounted in UE Rx-Tx time difference measurement period.
Proposal 3: Adopt option 1 for Rx-Tx time difference in HO case: 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.
Proposal 4: UE shall continue Rx-Tx time difference measurement, even the timing of its UL transmissions changes during the measurement period. 
Proposal 5: The measurement requirements for UE Rx-Tx timing difference is applicable provided that any SRS transmission is within [-160, +160]ms of at least one DL PRS resource of each TRP.
Proposal 6: Rx-Tx time difference accuracy requirements are defined based on single shot measurement.
Proposal 7: RAN4 to specify one set of accuracy requirements for UE Rx-Tx time difference based on side conditions for neighbor cells.
Proposal 8: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period.
Proposal 9: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.
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