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Introduction
In RAN4#100-e meeting, several open issues related to PRS measurement requirements in Rel-16 were discussed further and progress was captured in a WF [1]. In this paper, we discuss the following remaining issues:
· Measurement requirements applicability with muting
· Consideration of RSTD search window
· UE behavior and requirements when SRS/PRS proximity condition is not met
· Impact of cell change on UE Rx-Tx measurement period
Measurement requirements applicability with muting
In this section we address general applicability of measurement requirements with PRS muting. From RAN4#100-e we have the following options in the WF [1]:
· 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.


We note that there is a recent change in the RAN1 specifications (38.214, 5.1.6.5) that says “The UE does not expect that the product of DL PRS resource periodicity, the higher layer parameter
dl-prs-MutingBitRepetitionFactor and the size of the bitmap of dl-PRS-MutingOption1 exceeds , where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively.” i.e.  (slots). With this recent change, the first case under option 2 is no longer applicable and in the second case all L bits in the muting pattern are used. It should be clear that if all the bits in the muting pattern are zero then all the PRS resources would be muted.
We support option 3 as a general applicability statement. In addition, given the change in the RAN1 specifications, the scaling factor  can be simplified as proposed below.

Proposal 1:
· 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.

Proposal 2:  is the scaling factor considering PRS resource muting. If bitmap   for higher-layer parameter DL-PRS-MutingPattern is provided, then  where  is the length of the bitmap; otherwise .
Consideration of RSTD search window
The following question about how to take into consideration the RSTD search window in the measurement requirements was discussed in RAN4#100-e [1]:
· 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.

Here we support option 2. The reason is that  already takes into account the RSTD uncertainty by reference to the RAN1 specification TS 38.214. From TS 38.133, sec 9.9.2.5: “ is the time duration of available PRS in the positioning frequency layer i to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [26]. For calculation of , only the PRS resources unmuted and fully or partially overlapped with MG are considered.”
PRS duration K in TS 38.214, section 5.1.6.5 takes into account the parameters nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty. The first highlighted text above implies  should also take into account those parameters. Specifically, to determine whether a PRS resource should be counted when calculating , the RSTD uncertainty should be taken into account to determine if a PRS resource overlaps with a MG instance. If the PRS resource length plus the RSTD uncertainty is not covered by the gap then it should not be counted in .
Proposal 3: Take into account expected RSTD and expected RSTD uncertainty in defining overlap between PRS resource and MG.
Proximity between SRS transmission and PRS reception
In RAN4#98-bis-e and RAN#100-e, the following agreements were reached regarding SRS/PRS proximity [1, 2].
· 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 are independent of PRS and SRS separation.
· X = FFS between 160ms or 80ms.
· FFS if UE still measures and reports UE Rx-Tx measurement or not if PRS/SRS proximity condition is not met.

· In the SRS/PRS proximity condition, X=160ms.

Now, the remaining items are the UE behavior and applicable requirements, if any, when the proximity conditions are not met. The following options were captured in the WF [1]:
· UE behavior and requirements when proximity condition is not met
· Proposals for UE behaviour
· Option 1 (CATT, Nokia, OPPO, vivo, 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 1a (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 not may me 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.

The reason for introducing the SRS/PRS proximity condition was to avoid degradation of RTT accuracy due to clock frequency error and UE mobility. There would not be much use for UE Rx-Tx measurements if RTT is not valid.
Proposal 4: When the PRS/SRS proximity condition is not met, UE Rx-Tx time difference measurement requirements do not apply and UE behavior is left to implementation.


Impact of cell change on UE Rx-Tx measurement period
The final questions concern the case of cell change during the measurement period. For the case of cell change impacting SRS configuration, the following options were offered in the WF [1]:
· 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.

It is noted that in the case of HO the requirements are clear in the specification (TS 38.133 v16.9.0, clause 9.9.4.5): “The UE Rx-Tx time difference measurement period is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete.” For consistency, we can support the same behavior in the general case of serving cell change impacting SRS.
Proposal 5: If a serving cell change impacting the configuration of SRS for positioning occurs during the UE Rx-Tx time difference measurement period, the measurement period is restarted after SRS reconfiguration on the target cell is complete.
For the case of cell change not impacting SRS configuration, the options are as follows [1]:
· 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.

In the case of serving cell changes that do not impact SRS, we support option 2a. 
Proposal 6: If a serving cell change that does not impact the configuration of SRS for positioning occurs during the UE Rx-Tx time difference measurement period, the UE Rx-Tx shall continue the measurement and the measurement period can be longer.
Conclusions
Proposal 1:
· 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.

Proposal 2:  is the scaling factor considering PRS resource muting. If bitmap   for higher-layer parameter DL-PRS-MutingPattern is provided, then  where  is the length of the bitmap; otherwise .
Proposal 3: Take into account expected RSTD and expected RSTD uncertainty in defining overlap between PRS resource and MG.
Proposal 4: When the PRS/SRS proximity condition is not met, UE Rx-Tx time difference measurement requirements do not apply and UE behavior is left to implementation.
Proposal 5: If a serving cell change impacting the configuration of SRS for positioning occurs during the UE Rx-Tx time difference measurement period, the measurement period is restarted after SRS reconfiguration on the target cell is complete.
Proposal 6: If a serving cell change that does not impact the configuration of SRS for positioning occurs during the UE Rx-Tx time difference measurement period, the UE Rx-Tx shall continue the measurement and the measurement period can be longer.
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