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Introduction
In RAN4#98bis-e meeting, several questions surrounding PRS-RSTD measurement requirements were discussed further, with agreements and open issues captured in a WF [1]. In this paper, we discuss the following remaining questions:
· Impact of PRS muting on measurement period requirements
· Counting PRS resources with measurement gaps
· PRS sample duration 
· Measurement period when configured with PRS-RSRP
· Measurement period with MG reconfiguration 
Impact of PRS muting on measurement period requirements
Regarding the question of whether and how to account for the effect of PRS muting on the measurement period, the following agreement with options were listed in the WF [1]:
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by N_muting 
· N_muting = X * dl-prs-MutingBitRepetitionFactor 
· X is the size of NR-MutingPattern-r16 for mutingOption1-r16.
· N_muting upper bound value is FFS
· Option A:
· If Tprs * dl-PRS-MutingBitRepetitionFactor-r16 > 10240 ms
· N_muting = 1 (effectively no type1 muting, corner case that should be avoided by the network)
· else
· N_muting = X * dl-PRS-MutingBitRepetitionFactor-r16, where
· X = min( L, 10240/( Tprs * dl-PRS-MutingBitRepetitionFactor-r16 ) ) and
· L is the size of NR-MutingPattern-r16 for mutingOption1-r16.
· Option B:
· If Tprs * dl-PRS-MutingBitRepetitionFactor-r16 > 10240 ms
· N_muting = 1 
· Elseif L 
· N_muting =min { L, [ X ] },  [X=2]
· Elseif L 
· N_muting = min { L, [ Y ] }, [Y=8]
· Other options are not precluded

We support option A as the upper bound for the scaling factor N_muting. Option A is equivalent to applying an upper bound of 10240 ms on the post-muting PRS pattern periodicity, which is implied by the RAN1 definition of PRS muting option 1 in TS 38.211 section 7.4.1.7.4:

For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being transmitted when the slot and frame numbers fulfil

and one of the following conditions are fulfilled:
-	the higher-layer parameters dl-PRS-MutingOption1-r16 and dl-PRS-MutingOption2-r16 are not provided;
-	the higher-layer parameter dl-PRS-MutingOption1-r16 is provided with bitmap  but dl-PRS-MutingOption2-r16 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameter dl-PRS-MutingOption2-r16 is provided with bitmap  but dl-PRS-MutingOption1-r16 with bitmap  is not provided, and bit  is set;
-	the higher-layer parameters dl-PRS-MutingOption1-r16 with bitmap  and dl-PRS-MutingOption2-r16 with  are both provided, and both bit  and  are set.
where
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption1-r16 where  is the size of the bitmap; 
-	 is bit  in the bitmap given by the higher-layer parameter dl-PRS-MutingOption2-r16;
-	the periodicity  and the slot offset  are given by the higher-layer parameter dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16;
-	the downlink PRS resource slot offset  is given by the higher-layer parameter dl-PRS-ResourceSlotOffset-r16; 
-	the repetition factor  is given by the higher-layer parameter dl-PRS-ResourceRepetitionFactor;
-	the muting repetition factor  is given by the higher-layer parameter dl-PRS-MutingBitRepetitionFactor-r16;
-	the time gap  is given by the higher-layer parameter dl-PRS-ResourceTimeGap-r16;

From the RAN1 definitions, it can be shown that for 

i.e. not all the bits in the bitmap  are used and the length of the post-muting PRS pattern is  slots (10240 msec). Option A caps the scaling factor N_muting so that the post-muting PRS period does not exceed this limit, i.e. Tprs * N_muting ≤ 10240 msec.
In the extreme, when  then  is always zero in the expression above; only one bit in the bitmap would used. Therefore, each PRS resource would be either muted or not muted in all PRS periods. In that case, we can set N_muting = 1 (as in option A) since the muting behavior is the same in every PRS period.
Proposal 1: (Option A)
· If Tprs * dl-PRS-MutingBitRepetitionFactor-r16 > 10240 ms
· N_muting = 1 (effectively no type1 muting)
· else
· N_muting = X * dl-PRS-MutingBitRepetitionFactor-r16, where
· X = min( L, 10240/( Tprs * dl-PRS-MutingBitRepetitionFactor-r16 ) ) and
· L is the size of NR-MutingPattern-r16 for mutingOption1-r16.
Counting PRS resources within measurement gaps
Regarding the question of whether to count only PRS resources within measurement gaps, the following agreements were captured in the WF [1]:
· For the purpose of calculating TPRS,i, only the PRS resources fully or partially with the MG are considered	
· Definition of a PRS resource being fully covered or partially with the MG can be FFS and depending on the outcome of Issue 2-2-2.
· A PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time.
· Definition of a PRS resource being fully covered by MGL can be FFS and depending on the outcome of Issue 2-2-2.
In our view, the above agreements are somewhat inconsistent. The first agreement suggests that PRS resources that overlap partially with a MG may be measured. However, the second agreement says that none of the PRS resources in a PFL will be measured unless at least one PRS resource is “fully covered by the MGL excluding RF switching time.” RAN4 should clarify the conditions under which a PRS resource is expected be measured. In our view, the UE should report measurement results for a given PRS resource if it is able to measure at least the minimum number of repetitions specified in the accuracy requirements for that particular PRS configuration. Therefore, we propose the following clarifications to the above agreements.
Proposal 2a: The measurement requirements apply for a PRS resource only if at least the minimum number of repetitions specified in the accuracy requirements are covered by the MGL excluding RF switching time.
Proposal 2b: For the purpose of calculating TPRS,i, count only PRS resources for which measurement requirements apply according to Proposal 2a.
Proposal 2c: A PFL is counted as candidate for a MG occasion if it has at least one PRS resource for which measurement requirements apply according to Proposal 2a.

PRS sample duration ()
Regarding the PRS sample duration, the following agreements and open issues were captured in the WF [1]:
· LPRS,i for PFL i should be calculated by aggregating the duration of all the PRS resources that fall within MGs and are not muted
· Observation window for LPRS
· Option 1: Tavailable_PRS,i
· Option 2: TPRS,i. The observation window sizes for Lprs and for UE processing capability ‘N’ are identical.
· Replace notation LPRS,i  with an option as 
· Option 1 :  
· Option 2 : Other
· Note : notation ‘K’ is already used as the number of times handover occurs during TPRS-RSRP,total,HO   in 9.9.2 TS38.133, so notation ‘K’ may be not proper.

In RAN4#98bis-e, clarification of the specifications in TS 38.214 section 5.1.6.5 and TS 37.355 section 6.4.3 regarding time window length P was requested in GTW.
The window of P msec in TS 38.214 section 5.1.6.5 is used for the purpose of calculating the duration K ms of DL PRS symbols. RAN1suggests in the specification to use the maximum PRS periodicity in a PFL but here RAN4 is discussing whether to set the length of the window to one of the two options above. Another point worth clarifying is that TS 38.214 does not mention explicitly whether MGs are account for in the calculation of K. For the purpose of RAN4 requirements, we understand that only resources within MGs should be counted.
Once the duration of K msec is calculated based on the choice of an observation window length P, the note below from 37.355 section 6.4.3 can be applied to determine the corresponding processing time. 

NOTE:	When the target device provides the durationOfPRS-Processing capability (N, T) for any  time window defined in TS 38. 214 [45] clause 5.1.6.5, the target device should be capable of processing all DL-PRS resources within , if
-	 where K is defined in the TS 38.214 [45] clause 5.1.6.5, and
-	the number of DL-PRS Resources in each slot does not exceed the maxNumOfDL-PRS-ResProcessedPerSlot, and
-	the configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) is as specified in TS 38.133 [46].

For the observation window, we support option 1. Note that to account for PRS resources that fall within MGs, the observation window should take into account the MGRP. Tavailable_PRS,i accounts for MGRP while TPRS,i does not.
Proposal 3: The length of the observation window for calculating LPRS,i should be Tavailable_PRS,i.
Regarding the notation used in the specification, we can support option 1 with a clarification that it is based on PRS duration K defined in TS 38.214 [45] clause 5.1.6.5.
Proposal 4: Replace LPRS,i with  and clarify that it is based on PRS duration K defined in TS 38.214 [45] clause 5.1.6.5.


Measurement period when configured with PRS-RSRP
The question of whether the PRS-RSTD measurement period “when configured with PRS-RSRP” would be different has been discussed by RAN4 for several meetings. Finally, there was progress in RAN4#98bis-e, with the agreement shown below [1].
· When PRS-RSRP is configured for DL-TDOA, RSTD and RSRP are performed over the same measurement period.

The agreement above clarified that when PRS-RSRP is configured/reported for DL-TDOA, RSTD and PRS-RSRP are measured exactly over the same period of time. We believe a similar agreement/clarification applies when PRS-RSRP is configured for multi-RTT.
However, there is an open question, shown below, related to scenarios with concurrent positioning methods. 
· Measurement period when configured with PRS-RSRP: PRS-RSRP configured for another positioning method
· Option 1 (CATT, Intel, OPPO, vivo)
· RSTD measurement period is not impacted by PRS-RSRP measurement.
· Option 2 (HW, CATT)
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for another positioning method, if they are measured on the same set of PRS resources.
· PRS measurement requirements do not apply when UE is configured PRS measurement for more than one positioning methods with different sets of PRS resources to measure.
· Option 3 (Ericsson, Nokia)
· UE behavior when RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD): the RSTD measurement continues over the entire PRS-RSRP measurement period
· Option 4 (QC, vivo, Nokia)
· Measurement periods for different positioning methods are independent.
· Option 5 (Ericsson)
· Clarify in the spec that when PRS-RSRP and RSTD are configured using separate OTDOA assistance data then the measurement periods of RSTD and PRS-RSRP may be different.

The scenario considered above is one of many possible scenarios involving concurrence between positioning methods. Even though RAN1/RAN2 have defined UE capabilities to indicate support of simultaneous processing of positioning methods, given the complexity of such scenarios it could be argued that specifying corresponding UE requirements goes beyond the principle of specifying “minimum requirements.” Additionally, considering the short timeline left to complete requirements for NR positioning in Rel-16, we propose not to specify requirements for concurrent scenarios.

Proposal 5: RAN4 not to specify requirements for scenarios involving concurrent NR positioning methods in Rel-16.

Proposal 6: Measurement period requirements in TS 38.133 sections 9.9.2.5, 9.9.3.5 and 9.9.4.5 do not apply when there are concurrent positioning requests. If there are concurrent positioning requests the starting point and duration of the measurement period may be different.

Measurement period with MG reconfiguration
In RAN4#98bis-e, the following options were captured in the WF regarding the measurement period with MG reconfiguration [1]: 
· MG reconfiguration per UE request
· Option 1 (QC, CATT, HW, Ericsson)
· Add the following text to TS 38.133 sections 9.9.2.5, 9.9.3.5 and 9.9.4.5: “If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured (at most once for each positioning frequency layer) to enable UE to measure DL PRS resources, the measurement period can be longer.”
· Option 2a (CATT)
· FFS whether to specify precisely how much to extend the measurement period when MGs are reconfigured during the measurement period.
· Option 2b (HW, Ericsson, QC)
· Do not specify the exact extension due to MG reconfiguration.
· Option 3 (vivo, OPPO, Nokia)
· Measurement period may be prolonged or restarted, and more discussions are needed.
· MG reconfiguration not per UE request
· Option 1 (QC)
· Measurement requirements do not apply.
· Option 1a (CATT, HW)
· Measurement requirements do not apply if UE cannot perform the PRS measurement after the MG reconfiguration.
· Option 2 (vivo, Intel, Nokia, Ericsson)
· Same requirements as MG reconfiguration based on UE request.

For MG reconfiguration per UE request we support option 1 based on a prior RAN4 agreement in RAN4#96-e. We also support leaving the measurement period extension unspecified (Option 2b). We do not see a need to restart the measurement period if the UE requests a MG reconfiguration.
Proposal 7: Add the following text to TS 38.133 sections 9.9.2.5, 9.9.3.5 and 9.9.4.5: “If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured (at most once for each positioning frequency layer) to enable UE to measure DL PRS resources, the measurement period can be longer.”
Proposal 8: Do not specify the exact measurement period extension due to MG reconfiguration.
Regarding requirements for MG reconfiguration not requested by the UE, we can support the same behavior as in Proposal 7.
Proposal 9: If MG is reconfigured during the measurement period without the UE requesting it, the same measurement requirements apply as for MG reconfiguration per UE request (as in Proposal 7).


Conclusions
Proposal 1: (Option A)
· If Tprs * dl-PRS-MutingBitRepetitionFactor-r16 > 10240 ms
· N_muting = 1 (effectively no type1 muting)
· else
· N_muting = X * dl-PRS-MutingBitRepetitionFactor-r16, where
· X = min( L, 10240/( Tprs * dl-PRS-MutingBitRepetitionFactor-r16 ) ) and
· L is the size of NR-MutingPattern-r16 for mutingOption1-r16.

Proposal 2a: The measurement requirements apply for a PRS resource only if at least the minimum number of repetitions specified in the accuracy requirements are covered by the MGL excluding RF switching time.
Proposal 2b: For the purpose of calculating TPRS,i, count only PRS resources for which measurement requirements apply according to Proposal 2a.
Proposal 2c: A PFL is counted as candidate for a MG occasion if it has at least one PRS resource for which measurement requirements apply according to Proposal 2a.
Proposal 3: The length of the observation window for calculating LPRS,i should be Tavailable_PRS,i.
Proposal 4: Replace LPRS,i with  and clarify that it is based on PRS duration K defined in TS 38.214 [45] clause 5.1.6.5.
Proposal 5: RAN4 not to specify requirements for scenarios involving concurrent NR positioning methods in Rel-16.

Proposal 6: Measurement period requirements in TS 38.133 sections 9.9.2.5, 9.9.3.5 and 9.9.4.5 do not apply when there are concurrent positioning requests. If there are concurrent positioning requests the starting point and duration of the measurement period may be different.

Proposal 7: Add the following text to TS 38.133 sections 9.9.2.5, 9.9.3.5 and 9.9.4.5: “If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured (at most once for each positioning frequency layer) to enable UE to measure DL PRS resources, the measurement period can be longer.”
Proposal 8: Do not specify the exact measurement period extension due to MG reconfiguration.
Proposal 9: If MG is reconfigured during the measurement period without the UE requesting it, the same measurement requirements apply as for MG reconfiguration per UE request (as in Proposal 7).
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