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Introduction
The RRM core requirements for UE Rx-Rx time difference measurements has been completed in RAN4#96-e, and the measurement requirements are introduced based on CR [1]. On the other hand, three are some remaining open issues as captured in [1] and WF [2].
· Requirements for multiple PRS layers in non-overlapping case 
· Measurement reporting requirements for aperiodic reports
· Requirements applicability related to UE processing capability N
· Consideration of SRS periodicity and SRS dropping in measurement period
· SRS/PRS proximity
· SRS/PRS being in same band
· Measurement period in case of TA change
· Measurement period in case of NTA_offset change
In this paper we will provide our views on the remaining issues for UE Rx-Rx time difference measurement requirements.
Discussion
0. Requirements for multiple PRS layers in non-overlapping case
	If measurement gaps and processing time T have overlap between different frequency positioning frequency layers,
	.
Editor’s Note: FFS the UE Rx-Tx time difference measurement period when measurement gaps and processing time T do not have overlap between different positioning frequency layers.


We have discussed this issue in our companion paper for RSTD [3], and the same analysis also applies for Rx-Tx, and our proposal is reproduced here.
Proposal 1: RAN4 not to define separate requirements for the case when measurement gaps and processing time T do not have overlap between different positioning frequency layers in Rel-16.
Measurement reporting requirements for aperiodic reports
	 9.9.4.4 Measurement Reporting Requirements
This requirement assumes that the measurement report is not delayed by other LPP signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH where TTIDCCH is the duration of subframe or slot or subslot when the measurement report is transmitted on the PUSCH with subframe or slot or subslot duration. This measurement reporting delay excludes any delay caused by no UL resources for UE to send the measurement report.
The reported UE Rx-Tx time difference measurement values reported shall be based on the measurement report mapping requirements specified in clause 10.1.25.
Editor’s note: the measurement reporting requirements for aperiodic reports are FFS.


We have discussed this issue in our companion paper for PRS-RSRP [4], and the same analysis also applies for Rx-Tx, and our proposal is reproduced here.
Proposal 2: Same measurement reporting requirements apply for all kinds of positioning measurement reporting.
Requirement applicability related to UE processing capability N
	Editors Note: The applicability of requirements if the time duration of a DL PRS resource exceeds the UE capability N


We have discussed this issue in our companion paper for RSTD [3], and the same analysis also applies for Rx-Tx, and our proposal is reproduced here.
Proposal 3: The measurement requirements do not apply for a PRS resource if 
· the time span of the PRS resource instance is greater than UE reported capability N, or 
· the PRS resource is across two sampling duration of N within duration Lprs
Consideration of SRS periodicity and SRS dropping in measurement period
	· Whether SRS periodicity should be accounted in measurement period
· Option 1: No
· Option 2: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity)
· Option 3: clarify that the requirements can be more relaxed if SRS is more sparse than PRS
· Whether SRS dropping should be accounted in measurement period
· Option 1: No, FFS: RAN4 to define requirements for UE Rx-Tx time difference measurement period assuming no SRS dropping due to any reason
· Option 2: The UE Rx-Tx measurement period can also be extended to compensate for the number of dropped SRS transmissions, at least when the number of dropped SRS transmissions is large.
· Option 3: clarify in the requirements that the measurement period can be longer if some (or more than X) SRS are dropped


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 4: SRS periodicity or SRS dropping is not accounted in UE Rx-Tx time difference measurement period.
SRS/PRS proximity
	· SRS/PRS proximity
· Option 1: The measurement requirements is 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 2: The measurement accuracy requirements for UE Rx-Tx time difference is applicable regardless of time separation of SRS transmissions and PRS receptions. Accuracy requirements shall be a function of maximum time separation among SRS transmissions and their corresponding closest PRS receptions
· Option 3: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.
· Option 4: Add proper TRS settings in both all timing accuracy requirements and test cases so that UE can compensate the crystal clock frequency offset by measuring TRS


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.
SRS/PRS being in same band
	· SRS/PRS being in same band
· Option 1: 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.
· Option 2: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
· Option 3: no restriction to the same band


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 6: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
Measurement period in case of TA change
	· Measurement period in case of TA change (due to TA command)
· Option 1: UE Rx-Tx time difference measurement requirements are not applicable if TA change is received during the measurement period. 
· Option 2: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes during the UE Rx-Tx measurement period.
· Option 3: UE could continue UE/gNB Rx-Tx time difference measurement during which timing adjustment for its UL transmissions.
· Measurement period in case of TA change (due to UE autonomous adjustment)
· Option 1: UE Rx-Tx time difference measurement requirements are applicable for UE autonomous adjustment of UL timing.
· Option 2: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes during the UE Rx-Tx measurement period.


In our view, the same UE behaviour should be defined for both cases of TA change, i.e. due to TA command and due to UE autonomous adjustment. 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. 
Among the options, our preference is that the measurement period of Rx-Tx apply even TA change occurs. There are several reasons:
· 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. Therefore, there is anyway a possibility that gNB Rx-Tx is based on a different UL timing as UE Rx-Tx.
· Unlike HO, UE TA change may happen frequently. If there is no requirement for this case or measurement period restarts, the UE may never complete the measurement. 
· It is already agreed that accuracy requirements for UE Rx-Tx and gNB Rx-Tx do not apply if a TA change occurs during the measurement period. 
We understand that it may be difficult to mitigate the impact of TA change in multi-RTT, so there is no perfect option. In our view, continuing the measurement is the options that gives least UE impact and this is also same as in LTE. On the other hand, we do not see clear benefit from other options like dropping the old measurement or restarting the measurement period, while they have clear UE impact.
Proposal 7: UE should continue Rx-Tx time difference measurement, even the timing of its UL transmissions changes during the measurement period.
Measurement period in case of NTA_offset change
	· Measurement period in case of NTA_offset change
· Option 1: the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period (can be clarified in UE Rx-Tx measurement requirements in section 9.9.4 in TS 38.133)
· Option 2: No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change.


When NTA_offset changes, the UE TA, which includes the constant NTA_offset and the gNB commanded TA, will change, so the case is already covered by Proposal 7 above, and we do not see the need to capture this case 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.
Proposal 8: RAN4 not to capture applicability of UE Rx-Tx time difference requirements in case of NTA_offset change.
Conclusions
In this paper we provided our views on the remaining issues for UE Rx-Rx time difference measurement requirements.
Proposal 1: RAN4 not to define separate requirements for the case when measurement gaps and processing time T do not have overlap between different positioning frequency layers in Rel-16.
Proposal 2: Same measurement reporting requirements apply for all kinds of positioning measurement reporting.
Proposal 3: The measurement requirements do not apply for a PRS resource if 
· the time span of the PRS resource instance is greater than UE reported capability N, or 
· the PRS resource is across two sampling duration of N within duration Lprs
Proposal 4: SRS periodicity or SRS dropping is not accounted in UE Rx-Tx time difference 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: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
Proposal 7: UE should continue Rx-Tx time difference measurement, even the timing of its UL transmissions changes during the measurement period.
Proposal 8: RAN4 not to capture applicability of UE Rx-Tx time difference requirements in case of NTA_offset change.
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