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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#98-e meeting, there were extensive discussions on PRS-RSTD measurement core requirements. Following agreements were made during the meeting and captured in the WF [1].
	· Consideration on different resource periodicities
· Use the least common multiple of PRS periodicities among all PRS resources in the PFL 
· Definition of parameter Lprs
· Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs.
· The calculation of Lprs should be based on the type (type 1 or type 2) as UE used to report {N,T}
· Measurement period of multiple PLFs – overlapping case
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers. 


There are still lot of remaining open issues on PRS-RSTD measurement core requirements as captured in [1]. Our views on RSTD measurement core requirements were provided in [2] in the last meeting. In this contribution, we further provide our views on remaining open issues for PRS-RSTD measurement core requirements.
2. Discussion
2.1 Muting
How to account muting option 1 in measurement period requirements for NR positioning needs further discussion. 
	· FFS whether and how to account for muting in measurement period requirements
· Option 1a 
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
· Option 1b
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 2: 
· Muting is accounted with same approach as in LTE (the current requirements apply when up to ½ of PRS resources can be muted)
· Option 3: 
· Do not define requirements for the case of PRS resource muting in Rel-16


Firstly, the muting pattern and dl-prs-MutingBitRepetitionFactor are related for muting option 1. The repetition factor dl-prs-MutingBitRepetitionFactor indicates the number of consecutive instances of the PRS resource set corresponding to a single bit of the muting pattern. The muting pattern is then applied on the repeated PRS resource set of the TRP. 
In general muting of PRS resource set is used to avoid interference among cells on the same frequency layer in case overlapping PRS resources are configured. An example of muting option 1 configuration is illustrated in Figure 1. The dl-prs-MutingBitRepetitionFactor is configured as n2. Muting patterns are configured as [1000], [0100], [0010] and [0001] for TRP1, TRP2, TRP3 and TRP4 respectivly.  TRP1-4 are on the same frequency layer.


Figure 1. Example of muting pattern option 1
It can be seen from Figure 1 that UE needs the entire period, which is 2*4*Tprs, to measure all of the TRPs in the same frequency layer. So, option 1a is more reasonable than option 1b to define scaling factor to address muting in measurement requirements. 
If requirements are defined with Option 2, UE may not be able to meet the measurement requirements due to lack of the number of necessary PRS resources to perform measurement, e.g., measurement accuracy may be worse than requirements. Moreoever it may be fine to address intra-instance muting, but for inter-intance muting (muting option 1) it doesn’t work well because depending on muting pattern configuration there may be only one instance for measurement during measurement period of current requirements. 
If it is not possible to reach agreement on defining scaling factor in measurement period requirements for muting option 1, it would also be fine not to consider this in Rel-16.
Proposal 1: If muting option 1 is applied, the periodicity of a PRS resource is scaled by , where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16

2.2 Defination of Lprs
For the RSTD measurement period requirements, Lprs has not been defined clearly yet.
	· Definition of parameter Lprs
· Refer to clause 5.1.6.5 of 38.214 for calculation of Lprs.
· The calculation of Lprs should be based on the type (type 1 or type 2) as UE used to report {N,T}
· Further clarify the description and notations of Lprs in 38.133 (e.g. account PRS resources within MGs; clarify period of time over which Lprs is counted)


The measurement period on a PRS frequency layer is as follows.
[bookmark: _Hlk49202850][bookmark: _Hlk40394259]	 ,
where: 
 is the time duration as defined in clause 5.1.6.5 of TS 38.214 [26, 5.1.6.5].
 is UE capability combination per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth supported by UE as specified in clause 4.2.7.2 of TS 38.306 [14].
 = 
, the least common multiple between  and .
	 is the periodicity of DL PRS resource on frequency layer i. If more than one PRS periodicities are configured in PRS frequency layer i, the least common multiple of PRS periodicities among all DL PRS resource sets is used to derive the measurement period of thatPRS frequency layer i. 
The ratio Lprs/N indicates the ratio of the number of PRS symbols that UE needs to process over the number of PRS symbols that UE can process within certain period of time. In our view the Lprs should be defined as the duration of number of PRS symbols within T ms because the ratio of Lprs/N means if Lprs is larger than N then additional PRS occasion is needed for UE to process those PRS symbols beyond N. It doesn’t make sense if Lprs and N are defined with different time period.
Since UE is not expected to measure PRS symbols outside of measurement gap, only the PRS resources within measurement gap are counted for Lprs.
Proposal 2: Lprs is defined as the time duration in ms of the number of PRS symbols available with measurement gap(s) during time period T ms.

2.3 PRS periodicities
	· FFS: the need to decide on the order of steps to derive 
· Order for steps to derive 
· Option 1
· The applying order to scale the PRS periodicity should be
· A): The PRS periodicity indicated by “NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16”
· B): Scale the PRS periodicity based on inter-period muting pattern 
· C): Derive the frequency layer specific periodicity () if multiple periodicities are configured in this layer 
· D): Derive the available periodicity within MGs ()
· E): Derive the effective periodicity based on PRS processing time ()
· Other options are not precluded


Firstly, we don’t think there would be any standardization efforts needed for these steps. As long as the periodicities are defined clearly in the spec, there would be no ambiguity of the requirements. 
Proposal 3: No need to specify steps on deriving periodicities in the measurement period requirements.

2.4 Measurement period requirements
	· Measurement period of multiple PLFs – overlapping case
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
· FFS how to capture the equations in the specifications
· Option 1A: 
· 
· 
· Note:  is already defined in the specification
· Option 1B
· TRSTD, Total = 
· Note:  needs to be removed from the specification


With option 1A, the measurement requirements for single frequency layer and for multiple frequency layers are clearer. When there is single frequency layer configured, the measurement requirements of Tprs-RSTD will apply. So, it is straightforward to use option 1A.
Proposal 4: Option 1A is used to define measurement period requirements for RSTD measurement under overlapping case.

	· FFS Measurement period of multiple PLFs – non-overlapping case
· Option 1 
· Requirement of non-overlapping case should be the same as for overlapping case, i.e. sum approach
· Option 2
· Measurement period for the non-overlapping case shall be
TRSTD, Total = maxi (TRSTD,i), where
· the measurement period starts with the first MG and it is the same for all frequencies (agreement from RAN4#96-e). Hence, the time to the last sample across all frequencies will correctly determine TRSTD, Total, regardless of the order the frequencies are measured


The other concern is that under fully non-overlapping case, e.g., in Figure 1, the current requirements seem relaxed. 


Figure 1. Fully non-overlapping case
For the non-overlapping case in Figure 1, UE can measure fast than the requirement for overlapping case. However, it doesn’t mean separated requirements should be specified for this case. The configuration of different PRS frequency layer is under NW control. It may be possible full non-overlapping is configured by NW. However, it is very complex to define fully non-overlapping case if UE processing capability, muting pattern and repetitions are taken into consideration. If UE cannot finish processing of frequency layer f1 within one measurement gap period as in Figure 1, then UE cannot measurement frequency layer f2 in the next gap occasion. Therefore, no benefit is seen to specify requirements for non-overlapping case with max based approach and it may not work considering UE processing capability and other configurations.
Proposal 5: The requirements for measurement period of multiple PRS layers under fully non-overlapping case are specified the same as for overlapping case, i.e., sum-based.

2.5 Measurement period when configured with PRS-RSRP
	· FFS Measurement period of when configured with PRS-RSRP
· [bookmark: _Hlk68191124]Scenario #1: PRS-RSRP is configured for DL-TDOA but not other positioning methods
· Option 1 
· RSTD measurement period is not impacted by PRS-RSRP measurement.
· Option 2
· 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
· Scenario #2: PRS-RSRP is configured for another positioning method but not for DL-TDOA
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning method
· Scenario #3: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA (different PRS resources are used for DL-TDOA and the other method)
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· Scenario #4: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA (identical PRS resources are used for DL-TDOA and the other method)
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· FFS: need to also consider same or different frequency layers


[bookmark: _Hlk68191086]For scenario 1, if PRS-RSRP is requested to be reported for UE with such capability, the PRS-RSRP could be measured on the same PRS resources as for RSTD measurement at the same time. Since PRS-RSRP measurement requirements would not require longer measurement period than RSTD measurement, RSTD measurement period shall not be impacted by PRS-RSRP measurement.
For scenario 2, the PRS resources for RSTD measurement and PRS-RSRP measurement could be different. Even if the PRS resources for RSTD and PRS-RSRP measurement are overlapping, it should be taken as different measurements as it is configured for different purpose. In neither case, RSRP measurement should be impacted by PRS-RSRP measurement.
For scenario 3, two PRS-RSRP measurements are configured for DL-TDOA method and another positioning method with different PRS resources. Since PRS-RSRP measurement for the other positioning method are measuremed on different PRS resources and taken as different measurement, RSTD measurement is not impacted by the PRS-RSRP measurement configured for the other positioning method.
For scenario 4, two PRS-RSRP measurements are configured for DL-TDOA method and another positioning method with same PRS resources. Though same PRS resources are configured, PRS-RSRP measurements for other positioning method should be taken as different measurements. It is up to UE implementation on how to optimize the measurement. The RSTD measurement should not be impacted.
Proposal 6: RSTD measurement period shall not be impacted by PRS-RSRP measurement in scenario 1, 2, 3 and 4.

2.6 Clarification at HO
	· FFS clarification of UE behaviour at HO
· Option 1
· Clarify in section 9.9.2.5 of TS 38.133 (clarification is in bold): 
· If intra-frequency or inter-frequency handover occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements.
· Option 2
· the RSTD measurement requirements when HO occurs during the measurement are already clearly specified in 38.133 clause 9.9.2.5


In general, current requirements are clear. If the clafication to emphasize that inter-RAT handover is not included then it would be fine to have the clarification.


3. Summary
[bookmark: _Hlk23953093]In this contribution we further provide our views on on PRS-RSTD measurement period requirements. Based on analysis following proposals are present.
Proposal 1: If muting option 1 is applied, the periodicity of a PRS resource is scaled by , where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
Proposal 2: Lprs is defined as the time duration in ms of the number of PRS symbols available with measurement gap(s) during time period T ms.
Proposal 3: No need to specify steps on deriving periodicities in the measurement period requirements.
Proposal 4: Option 1A is used to define measurement period requirements for RSTD measurement under overlapping case.
Proposal 5: The requirements for measurement period of multiple PRS layers under fully non-overlapping case are specified the same as for overlapping case, i.e., sum-based.
Proposal 6: RSTD measurement period shall not be impacted by PRS-RSRP measurement in scenario 1, 2, 3 and 4.
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