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Introduction
In RAN4#99-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:
· Clarification of PRS measurement requirements with type1 and type2 muting
· Starting point of the measurement period
· Relationship between observation windows of Lprs and UE processing capability ‘N’
· CSSF related issues
· Applicability conditions related to UE measurement capability
Clarification of PRS measurement requirements with type1 and type2 muting
In this section we address the two questions below about requirements with PRS muting.
· FFS whether option 2 muting is already accounted in the requirements or additional clarification is needed
· If RAN4 is to optimize the requirements for muting, consider to define N_muting based on the minimum repetition factor of bit ‘1’ in the muting pattern.

We begin by recalling the following RAN4 agreements.
Agreements from RAN4#98-bis-e:
· 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
· 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


Agreement from RAN4#99-e:
· Upper bound of N_muting
· 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.

In our view, the impact of  PRS muting option 2 is largely accounted for by the first agreement from RAN4#98-bis-e. i.e. muted PRS resources within the observation window for LPRS,i are not counted. In general, it should be understood that muted PRS resources are not transmitted by the TRP and cannot be detected/processed by the UE. Therefore, they should not affect the measurement requirements. In the extreme (corner) case in which all the resources within 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.
Observation 1: In the extreme (corner) case in which all the resources within 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.
Regarding the second question above about applicability of the scaling factor N_muting for muting option 1, we understand that the concern is that N_muting may be overestimated with the network configures a muting bitmap that is strictly longer than necessary. E.g. let’s say the network configures the following muting bitmap: 11001100. In that case, assuming dl-PRS-MutingBitRepetitionFactor=1, N_muting would be 8 (the length of the bitmap). However, since the bit pattern repeats twice within the bitmap, the network could have configured 1100 instead, which would lead to a lower scaling factor N_muting = 4. While we agree that this would lead to overestimation of the measurement period, this situation is entirely avoidable since it is under network control. We don’t know it is worth addressing such corner cases.
Observation 2: Overestimation of N_muting can be avoided by the network by configuring a muting bitmap of the minimum possible length so that the muting pattern does not repeat within the bitmap.
Starting point of the measurement period
In 38.133, section 9.9.2.5 the starting point of the measurement period for PRS-RSTD measurements is specified as follows: “The time starts from the first MG instance aligned with a DL PRS resource(s) of positioning frequency layer i closest in time after both the NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message are delivered from LMF to the physical layer of UE via LPP [34].”
The above statement makes sense in the case of a single frequency layer (i=1) but not in the case of multiple frequency layers. This claim is consistent with the prior RAN4 agreement that the measurement period requirement is  and there are no per-PFL measurement period requirements when multiple PFLs are configured (already captured in TS 38.133).
Proposal 1: The starting point for the PRS-RSTD measurement period should be as follows: “The time starts from the first MG instance aligned with a DL PRS resource(s) in the assistance data after both the NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message are delivered from LMF to the physical layer of UE via LPP [34].”
Proposal 2: The starting point for the PRS-RSRP measurement period should be as follows: “When PRS-RSRP measurements are configured for DL-AoD, the time  starts from the first MG instance aligned with DL PRS resources in the assistance data after both the NR-DL-AoD-RequestLocationInformation message and NR-DL-AoD-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.”
Proposal 3: The starting point for the UE Rx-Tx measurement period should be as follows: “The time  starts from the first MG instance aligned with DL PRS resources in the assistance data after both the NR-Multi-RTT-RequestLocationInformation message and NR-Multi-RTT-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.”

Relationship between observation windows of Lprs and UE processing capability ‘N’
In RAN4#99-e there was a question about the relationship between the observation window for  , which is , and the processing capability parameter . The suggestion was that the measurement period requirement should be directly proportional to 
 and there was a concern that the current requirement does not scale appropriately. We note, however, that the current requirement does scale with the ratio . From TS 38.133, clause 9.9.2.5, we have

Proposal 4: The current measurement period requirement is directly proportional to . No further adjustment is needed to account for the ratio .
CSSF related issues

This section addresses several open questions in the WF [1] related to the definition of CSSF within gap for NR positioning measurements.
In RAN4#99-e, RAN4 reached the following agreements regarding CSSF within gap when positioning measurements are configured by the network:
· CSSF calculation is based on Rel-15 per MG occasion approach
· For CSSF calculation for a positioning frequency layer, in each MG occasion
· Only RRM frequency layers are considered, and no other PFL is considered
· For a PFL that satisfies the long periodicity condition, CSSF = 1
· For CSSF calculation for an RRM frequency layer, in each MG occasion
· Only one PFL is considered
· When multiple PFLs are configured, FFS which PFL is assumed measured.
· FFS CSSF calculation for an RRM frequency layer when multiple PFLs are configured.

The one remaining issue is to specify how CSSF within gap is calculated when multiple PFLs are configured. Our proposal would be to calculate CSSF withing gap for all configured measurement objects and one PFL, as agreed above, M times, where M is the number of configured PFLs. In each of the M iterations, a different PFL is selected. The final CSSF within gap for each measurement objects and PFLs would the maximum value of CSSF calculated for each object/layer across the M iterations.
Proposal 5: When multiple PFLs are configured,CSSF within gap would be calculated as follows:
a. Let M be the number of PFLs configured by the LMF. M iterations are performed to calculate the final CSSF within gap for RRM measurements and PFLs.
b. In each iteration select one of the M PFLs and calculate CSSF within gap as agreed by RAN4 for the case of a single PFL.
c. Repeat step b M times, each time selecting a different PFL.
d. After all the iterations are completed, we have M values of  for each RRM measurement object  and M values for PFLs.
e. For each measurement object  set  to the maximum of the M values is step d. For all the PFLs set  to the maximum of the M values calculated in step d.

Regarding the applicability of the long periodicity condition for positioning measurements , we have the following options [1]:
· Option 1 (QC, vivo)
· Measurement requirements apply even if some of the PRS resources in the PFL can be measured with periodicity shorter or equal to 160 ms.  i.e. all of the PRS resources would be measured with high priority (CSSF = 1).
· Option 2 (OPPO, HW, Intel, CATT, Ericsson, Nokia)
· Measurement requirements do not apply if some of the PRS resources in the PFL can be measured with periodicity shorter or equal to 160 ms. i.e. none of the PRS resources in the PFL would be measured.

In our view, this situation should be avoided by the network since it would create a scenario where there is no straightforward way to come up with a balanced solution without making the requirement overly complicated. Both options above are rather unfavorable to either RRM or positioning measurements. Option 1 would result in delayed RRM measurements. Option 2 would result in a PFL not being measured. Neither solution is satisfactory and we believe this type of configuration should be avoided in practice. For the sake of progress, we can compromise to option 2.
Proposal 6: Measurement requirements do not apply if some of the PRS resources in the PFL can be measured with periodicity shorter or equal to 160 ms. i.e. none of the PRS resources in the PFL would be measured.



Applicability conditions related to UE measurement capability
The WF from RAN4#99-e captured one issue regarding applicability of PRS measurement requirements [1]. The issue concerns PRS resource being overlapped with (or fully covered by) MG.
· Option 1 (QC)
· 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.
· Option 2 (vivo)
· If at least part of the PRS resource including at least the minimum number of repetitions specified in the accuracy requirements is fully covered by MGL, then the PRS resource is considered being fully covered by MGL.
· Option 3 (HW)
· A PRS resource is considered to be fully (partially) overlapped with MG if all (some) of its instances are overlapped with an MG occasion. 
· A PRS resource instance is considered to be overlapped with an MG occasion if the minimum number of repetitions of the instance is fully covered by the MGL excluding RF switching time, where the minimum number is given in the accuracy requirements.

We support option 1.
Regarding option 2, we understand that the key point is to clarify what it means for a PRS resource to be “fully covered by the MG.” Clarification is needed because RAN4 agreed in RAN4#98-bis-e [2] that “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.” To date, RAN4 has not agreed on the definition of “fully covered by MG.”
Proposal 7: A PRS resource is considered to be “fully covered by the MG” if at least the minimum number of repetitions specified in the accuracy requirements are covered by the MGL excluding RF switching time.
Proposal 8: Measurement requirements apply only for PRS resources that are “fully covered by the MG.”
Conclusions
Observation 1: In the extreme (corner) case in which all the resources within 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.
Observation 2: Overestimation of N_muting can be avoided by the network by configuring a muting bitmap of the minimum possible length so that the muting pattern does not repeat within the bitmap.
Proposal 1: The starting point for the PRS-RSTD measurement period should be as follows: “The time starts from the first MG instance aligned with a DL PRS resource(s) in the assistance data after both the NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message are delivered from LMF to the physical layer of UE via LPP [34].”
Proposal 2: The starting point for the PRS-RSRP measurement period should be as follows: “When PRS-RSRP measurements are configured for DL-AoD, the time  starts from the first MG instance aligned with DL PRS resources in the assistance data after both the NR-DL-AoD-RequestLocationInformation message and NR-DL-AoD-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.”
Proposal 3: The starting point for the UE Rx-Tx measurement period should be as follows: “The time  starts from the first MG instance aligned with DL PRS resources in the assistance data after both the NR-Multi-RTT-RequestLocationInformation message and NR-Multi-RTT-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.”
Proposal 4: The current measurement period requirement is directly proportional to . No further adjustment is needed to account for the ratio .
Proposal 5: When multiple PFLs are configured,CSSF within gap would be calculated as follows:
a. Let M be the number of PFLs configured by the LMF. M iterations are performed to calculate the final CSSF within gap for RRM measurements and PFLs.
b. In each iteration select one of the M PFLs and calculate CSSF within gap as agreed by RAN4 for the case of a single PFL.
c. Repeat step b M times, each time selecting a different PFL.
d. After all the iterations are completed, we have M values of  for each RRM measurement object  and M values for PFLs.
e. For each measurement object  set  to the maximum of the M values is step d. For all the PFLs set  to the maximum of the M values calculated in step d.

Proposal 6: Measurement requirements do not apply if some of the PRS resources in the PFL can be measured with periodicity shorter or equal to 160 ms. i.e. none of the PRS resources in the PFL would be measured.
Proposal 7: A PRS resource is considered to be “fully covered by the MG” if at least the minimum number of repetitions specified in the accuracy requirements are covered by the MGL excluding RF switching time.
Proposal 8: Measurement requirements apply only for PRS resources that are “fully covered by the MG.”
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