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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#100-e meeting, there were continued discussions on RSTD, PRS-RSRP, UE Rx-Tx time difference and general measurement requirements for NR positioning. There are still remaining open issues as captured in WF [1].
In this contribution, we further provide our views on the remaining open issues for NR positioning.
2. Discussion
2.1 RSTD measurement
Issue 1-1-4: General applicability with PRS muting 
	Candidate options:
· Option 1 (vivo)
· Define Applicability condition for option-1 muting:
· The measurement period requirements when muting option 1 is configured are applicable when there are PRS resources available during min (10240 ms, Tprs * dl-PRS-MutingBitRepetitionFactor-r16).
· Option 2 (HW, Nokia)
· Define Applicability condition for option-1 muting:
· The requirements apply provided that
· none of the PRS resource instances is muted in case ; or 
· the first  bits of  is not all-zero in case 
· Option 3 (QC)
· When all the resources from a PRS resource set or PFL are muted, then that PRS resource set or PFL can be ignored for the purpose of the measurement requirements.
· Measurement requirements do not apply to any PRS resources that are muted, they are not transmitted by the TRP and cannot be measured by the UE.





 The applicability of the requirements for muting option 1 was discussed in the last meeting. If Tprs * dl-PRS-MutingBitRepetitionFactor-r16*L > 10240 ms, then it means muting option 1 is not accounted in the measurement requirements though it is configured. So, if the first bit of muting option 1 pattern is not set to value ‘1’, then there is no PRS resource instance available for UE to measure at least in one measurement interval. 
To address the issue applicability rule can be considered. During discussion in the last meeting, companies prefer to have a generic applicability rule rather than to have detailed muting configuration restriction in the requirements. Option 3 and option 1 are in generic and kind of similar as both require PRS resource(s) availability at UE side. However, it is lack of time duration in option 3 which is also a necessary condition in our view.  
In our view, when muting option 1 is configured the requirements are applicable if there are PRS resources available during each min (10240 ms, Tprs * dl-PRS-MutingBitRepetitionFactor-r16*L), where L is the size of the bitmap for higher-layer parameter DL-PRS-MutingPattern. It is to ensure there is PRS resource(s) available for each potential measurement interval.
Proposal 1: when muting option 1 is configured, the requirements are applicable if there are PRS resources available during each min (10240 ms, Tprs * dl-PRS-MutingBitRepetitionFactor-r16*L), where L is the size of the bitmap for higher-layer parameter DL-PRS-MutingPattern.

Issue 2-2-2: Consideration of RSTD search window
	Candidate options:
· Option 1 (vivo, CATT)
· If the search window defined by nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty together is not covered by MGL, the UE is supposed to do PRS measurement within the entire MGL.
· Option 2 (HW, QC, Nokia)
· Take into account expected RSTD and expected RSTD uncertainty in defining overlap between PRS resource and MG.



Companies agree to take into account expected RSTD and expected RSTD uncertainty in defining overlap between PRS resource and MG. But how it is to be considered is not provided in option 2.
In our view, there are 3 cases we need to think it more about the overlapping status between MG and search window decided by expected RSTD and expected RSTD uncertainty.
Case 1: the search window is fully covered by MGL and PRS resources is fully/partially covered by MGL excluding RF tuning time.
Case 2: the search window is partially covered by MGL and PRS resources are fully/partially covered by MGL excluding RF tuning time.
Case 3: the search window is not covered by MGL, but PRS resources is fully covered by MGL excluding RF tuning time.
For cases 1 and 2, UE should measure RSTD within the full/partial search window within MG in our view. But for case 3, it seems reasonable that UE measures PRS within the entire MGL excluding RF retuning time though search window configured by NW is not followed.
Proposal 2: If the search window defined by nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty together is not covered by MGL excluding RF retuning time, the UE is assumed to do PRS measurement within the entire MGL.

In addition, there are requirements for RSTD measurement period requirements if handover happens.
	If handover occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements. The UE shall also meet the RSTD measurement requirements in this clause and measurement accuracy requirements in clause 10.1.23.However, in this case the RSTD measurement period  shall be as follows:
	
Where,
-	 is the number of times handover occurs during ;
-	 is the largest  among all positioning frequency layers;
-	is the time during which the RSTD measurement may not be possible due to handover; it can be up to Tinterrupt as defined in clause 6.1.


However, the requirements may not be necessary and correct. If handover happens, the RRM measurement will be reconfigured and be different before and after handover. The RSTD measurement period requirements are based on CCSF for sharing gaps between PRS measurements and RRM measurements. If RRM measurement changes in terms of number of frequency layers to be measured before and after handover, the  will change accordingly.  In the requirements above, it seems  is all the same no matter how many times handover happens. So, the requirements may not be correct and is not clear.
Furthermore, it is not necessary to specify such kind of requirements and it is very difficult, if possible, to consider all factors that may affect the measurement period if handover happens. 
Proposal 2: Remove RSTD measurement period requirements if handover happens.
Proposal 3: If handover occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements. The UE shall meet measurement accuracy requirements in clause 10.1.23. The RSTD measurement requirements do not apply.

2.2 PRS-RSRP measurement
Similar to RSTD measurements, there are requirements for PRS-RSRP measurement period requirements if handover happens.
	If handover occurs while PRS-RSRP measurements are being performed then the UE shall complete the ongoing PRS-RSRP measurements session. The UE shall also meet the PRS-RSRP measurement requirements in this clause and measurement accuracy requirements in clause 10.1.24. However, in this case the PRS-RSRP measurement period  shall be as follows:

where
	 is the number of times handover occurs during ;
	 is the largest  among all positioning frequency layers;
is the time during which the PRS-RSRP measurement may not be possible due to handover; it can be up to Tinterrupt as defined in clause 6.1.


With same reason for RSTD measurement as above, the requirements if handover happens may not be necessary and correct.
Proposal 4: Remove PRS-RSRP measurement period requirements if handover happens.
Proposal 5: If handover occurs while PRS-RSRP measurements are being performed, then the UE shall continue and complete the on-going PRS-RSRP measurements. The UE shall meet measurement accuracy requirements in clause 10.1.24. The PRS-RSRP measurement requirements do not apply.

2.3 UE Rx-Tx time difference measurement
Issue 4-1-2: UE behaviour and requirements when proximity condition is not met
	Candidate options:
· Proposals for UE behaviour
· Option 1 (CATT, OPPO, vivo, Nokia, HW)
· The UE should still measure and report UE Rx-Tx measurement even if PRS/SRS proximity condition is not met 
· Option 2 (QC, Ericsson, Intel)
· Up to UE implementation 
· Proposals for requirements
· Option 1 (CATT, OPPO, Nokia, HW)
· UE Rx-Tx measurement period requirements apply, but the UE Rx-Tx accuracy requirements may not apply
· Option 2 (vivo, HW)
· Both UE Rx-Tx measurement period and measurement accuracy requirements apply
· A note may be needed that positioning accuracy may be degraded when PRS/SRS proximity condition is not met.
· Option 3 (QC, Ericsson, Intel)
· UE Rx-Tx time difference measurement requirements do not apply.


In general, we think the PRS/SRS proximity restriction may not be necessary from UE Rx-Tx time difference measurement requirements perspective by taking UE downlink timing update into consideration, including both measurement period requirements and accuracy requirements. The impact of PRS/SRS proximity is mainly on final position accuracy that the combined at LMF. From UE Rx-Tx time difference measurement period and accuracy requirements perspective, it is not relevant to SRS transmission according to definition of UE Rx-Tx time difference.  
Thus, in our view the UE should still measure and report UE Rx-Tx measurement even if PRS/SRS proximity condition is not met and both UE Rx-Tx measurement period and measurement accuracy requirements apply.
Proposal 6: UE still measures and reports UE Rx-Tx measurement if PRS/SRS proximity condition is not met.
Proposal 7: Both UE Rx-Tx measurement period and measurement accuracy requirements apply if PRS/SRS proximity condition is not met.

Issue 4-3-1: Measurement period requirements with cell change impacting SRS
	Candidate options:
· Option 1 (CATT, OPPO, QC, HW, Ericsson, Nokia) 
· UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
· Option 2 (vivo)
· UE shall continue the on-going UE Rx-Tx time difference measurement, and the current measurement period and accuracy apply.


For the cell change impacting SRS configuration, it would be reasonable to use same principle as for handover that UE shall restart the measurement after the SRS reconfiguration on the target cell is complete, which is already captured in the spec. The UE behaviour should be consistent in the similar scenarios. 
However, since SRS is irrelevant of UE Rx-Tx time difference measurement at least from definition point of view which is based on PRS and latest uplink timing, UE should continue ongoing measurements. It is up to LMF how to calculate position based on UE measurements and gNB measurements. 
If cell change impacting SRS is mainly related to SRS timing changes, then the UE behaviour can follow the conclusion of impact due to TA change.
GTW Agreements:
· UE shall restart UE Rx-Tx time difference measurement after UE TX timing change due to TA command during the measurement period
It would be fine the UE restarts UE Rx-Tx time difference measurement if cell change impacting SRS transmission timing. 
Proposal 8: For the cell change impacting SRS transmission timing, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.

Issue 4-3-2: Measurement period requirements with cell change not impacting SRS
	Candidate options:
· Option 1a (CATT, HW) 
· No clarification is needed in core requirements in the specification
· Option 1b (vivo, HW, CATT, Nokia) 
· UE shall continue the on-going UE Rx-Tx time difference measurement and the current measurement period and accuracy apply.
· Option 2a (OPPO, QC, Intel, Ericsson, Nokia) 
· UE shall continue the on-going UE Rx-Tx time difference measurement, and longer measurement period is expected.
· Option 2b (Ericsson) 
· UE shall continue the on-going UE Rx-Tx time difference measurement, and longer measurement period is expected.
· In this case UE Rx-Tx time difference measurement period (TUERxTx,total,HO) shall be as follows:
TUERxTx,total,HO = TUERxTx,Total + K*Teffect + THO
TUERxTx,Total is the UE Rx-Tx time difference measurement period defined in section 9.9.4.5, TS 38.133.
K is the number of times the handover occurs during TUERxTx,total,HO;
Teffect is the largest Teffect,i among all the positioning frequency layers;
THO is the time during which the UE Rx-Tx time difference measurement may not be possible due to handover; it can be up to Tinterrupt as defined in clause 6.1 of TS 38.133.


For the cell change not impacting SRS transmission timing, the on-going UE Rx-Tx time difference measurement should continue. The current measurement period may be different due to RRM measurements differ before and after cell change and there would be cell change delay. But it is not necessary to define such kind of requirements.
Proposal 9: For the cell change NOT impacting SRS transmission timing, the UE shall continue the on-going UE Rx-Tx time difference measurement. The UE Rx-Tx time difference measurement period requirements do not apply, but accuracy requirements apply.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on remaining issues for NR positioning. Based on analysis following proposals are present.
Proposal 1: when muting option 1 is configured, the requirements are applicable if there are PRS resources available during each min (10240 ms, Tprs * dl-PRS-MutingBitRepetitionFactor-r16*L), where L is the size of the bitmap for higher-layer parameter DL-PRS-MutingPattern.
Proposal 2: Remove RSTD measurement period requirements if handover happens.
Proposal 3: If handover occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements. The UE shall meet measurement accuracy requirements in clause 10.1.23. The RSTD measurement requirements do not apply.
Proposal 4: Remove PRS-RSRP measurement period requirements if handover happens.
Proposal 5: If handover occurs while PRS-RSRP measurements are being performed, then the UE shall continue and complete the on-going PRS-RSRP measurements. The UE shall meet measurement accuracy requirements in clause 10.1.24. The PRS-RSRP measurement requirements do not apply.
Proposal 6: UE still measures and reports UE Rx-Tx measurement if PRS/SRS proximity condition is not met.
Proposal 7: Both UE Rx-Tx measurement period and measurement accuracy requirements apply if PRS/SRS proximity condition is not met.
Proposal 8: For the cell change impacting SRS transmission timing, UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete.
Proposal 9: For the cell change NOT impacting SRS transmission timing, the UE shall continue the on-going UE Rx-Tx time difference measurement. The UE Rx-Tx time difference measurement period requirements do not apply, but accuracy requirements apply.
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