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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#97-e meeting, there were extensive discussions on PRS-RSTD measurement core requirements. Following agreements were made during the meeting.
	· Measurement period extension due to SSB collision
· Existing RSTD measurement period is defined for cases when PRS samples are not dropped.
· UE is allowed to extend the RSTD measurement period if one or more PRS samples are dropped due to SSB collision, but the exact value is not specified. 


There are still remaining open issues on PRS-RSTD measurement requirements as captured in [1]. In this contribution, we provide our views on PRS-RSTD measurement period requirements.
2. Discussion
2.1 Measurement period
There are two options under discussion on specifying measurement period requirements for PRS-RSTD measurement. 
	· Option 1 (sum-based for overlapping case) [TS38.133 v16.5.0]
· 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: the need for explicit definition of TRSTD,i  (imposes specific UE implementation particularly in the sum-based approach, which shall be avoided)
· FFS: how to choose 1 frequency layer
· FFS: the definition of PRS/RRM frequency layer when both PRS and RRM are configured on the same frequency layer
· FFS: the exact CSSF definition (different from Rel-15 CSSF concept)
· Option 2 (max-based for both overlapping and non-overlapping cases)
· Maxi () + Xlast
· CSSF is based on Rel-15 CSSF concept (i.e., all positioning layers are counted), no need to re-define
· k is added in
·  
· k=TBD, e.g., number of PRS frequency layers (≠i) having their PRS (in another MG) within Ti from the current MG when Ti < Tprs,i, otherwise k=1
· FFS: rule for long-periodicity PRS measurements when ≥2 frequency layers have long Tprs


We discussed CCSF for PRS measurements in detail in [2] and propose to calculate CCSF based on one single PRS frequency layer competing measurement gaps with RRM only measurements. For the RSTD measurements we elaborate more on option 1 regarding CCSF.
If requirements are specified with option 1, which are the same requirements as in latest spec, the total RSTD measurement period for multiple frequency layers are the summation of measurement period of all PRS frequency layers. Each PRS frequency layer measurement is competing measurement gaps with RRM measurements but not other PRS measurements.
The requirements would be aligned with UE capability for RSTD measurement that UE will only process one PRS frequency layer at a time. So, if the UE can meet RSTD measurement requirements for a frequency layer, the total measurement period can be guaranteed. 
The main concerns on option 1 during the past discussions were CCSF in this case is not aligned with legacy definition and the requirements may not be optimum for certain cases.
CCSF definition for NR PRS frequency layer measurement would not be a big issue in our view. It can be revised if it is justified for defining requirements. The impact of having new CCSF definition for NR PRS frequency layer measurement on UE implemention is not seen since there would be no UE that has implemented NR PRS measurement. There would be anyway changes on RRM measurement implementation by taking NR RSTD measurement into account no matter how the CCSF is definied. From requirements standardization perspective there should be no issue by revising the definition of CCSF as long as it serves purpose for defining simplified, manageable requirements.
The other concern is that under fully non-overlapping case, e.g., in Figure 1, the requirements are too relaxed. It is noted UE processing time T is considered in the illustration in Figure 1.


Figure 1. Fully non-overlapping case
For the non-overlapping case in Figure 1, UE can measure fast than the requirement based on option 1. However, it doesn’t mean separated requirements should be specified for this case as it would complicate the requirements unnecessarily. Following options were provided in [1] for measurement period of multiple PRS frequency layers under non-overlapping case, 
	· Measurement period of multiple PRS layers – non-overlapping case
· Option 1: If such scenario is considered as a rare case, then adopt the sum approach; If such scenario is considered as a typical case, then adopt the max approach to reduce the measurement delay
· Option 2: Same requirements as for overlapping case (sum approach)
· Option 3: CSSF is used for PRS measurements as for other NR measurements. Measurement period for the non-sharing case shall be:
· TRSTD, Total = maxi (TRSTD,i)


The configuration of different PRS frequency layer is under NW control. It is possible full non-overlapping is configured by NW. Then the question would be whether optimized requirements should be specified for full non-overlapping cases.
Firstly, the partial overlapping case as in Figure 2 needs to be considered.


Figure 2. Partial-overlapping case
Compared to fully non-overlapping case in Figure 1, an additional frequency layer f3 which is fully overlapped with PRS frequency layer f1 exists under this partial-overlapping case. Then under this case the option 3 above for non-overlapping case cannot apply. So, the requirements for overlapping cases should apply for this partial overlapping case.
Then it would be obvious that optimized requirements, if it is agreeable, can only apply for fully non-overlapped case. It is not easy to define fully non-overlapping condition as it is related to UE processing time, muting patterns etc. Furthermore, the necessity of having optimized requirements is not big as it only works under very limited case, under which UE can still perform better than sum-based requirements. So, we don’t see the necessity to optimize requirements for fully non-overlapping case.
For the fully overlapping and partial overlapping cases, the max-based approach option 2 was also proposed. If fully non-overlapping case is not considered for max-based approach, then it will result in more relaxed requirements as it is scaled by number of overlapping frequency layers and maximum periodicity of all frequency layer is used. If one PRS frequency layer has much longer periodicity then the total delay would be far too long. Furthermore, it is not reasonable that measurement period of one PRS frequency layer is scaled by factor k of number of frequency layers.
Based on above analysis, following proposals are present.
Proposal 1: The requirements for measurement period of multiple PRS layers under fully overlapping and partial overlapping case are specified.
· 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.
Proposal 2: The requirements for measurement period of multiple PRS layers under fully non-overlapping case are specified the same as overlapping case.

There are other remaining open issues for sum-based requirements.
	FFS: the need for explicit definition of TRSTD,i  (imposes specific UE implementation particularly in the sum-based approach, which shall be avoided)
FFS: how to choose 1 frequency layer
FFS: the definition of PRS/RRM frequency layer when both PRS and RRM are configured on the same frequency layer
FFS: the exact CSSF definition (different from Rel-15 CSSF concept)


In current specification, the measurement period for one PRS frequency layer is defined as follows.
 is the measurement period for PRS RSTD measurement in positioning frequency layer i
In our view such definition is clear enough for the requirements. There is no need to add further implementation dependent details in the definition of measurement period for one PRS frequency layer measurement. The choosing of one frequency layer for PRS measurements and CCSF calculation should be up to UE implementation. UE should be allowed to select the target PRS frequency layer for measurement in a gap by taking all the PRS and RRM frequency layers configuration into consideration. UE can optimize PRS measurements for fully non-overlapping case under sum-based measurement requirements if selecting PRS layer is up to UE implementatioin.
Measurement on RRM frequency layer and PRS frequency layer are totally different. Even if they are configured on the same frequency layer, e.g., the PRS resources configuration on the frequency layer has the same center frequency, bandwidth, SCS as SSB and furthermore and PRS and SSS are configured within MG with overlapping, the measurement should be taken as PRS and SSB separated frequency layer. There are several reasons to do so. From UE implementation perspective they are independent measurements and handled separately. The restriction on PRS layer and SSB layer time domain configuration needs to be clarified. This is not typical configuration as at least PRS bandwidth is high likely different from SSB bandwidth.
Proposal 3: Selection of the one PRS frequency layer for measurement is up to UE implementation.
Proposal 4: PRS frequency layer and SSB frequency layer are always handled as separated frequency layers.

The CCSF definitioin can be defined as follows by taking discussion above and in [2].
Proposal 5: CCSF for PRS measurement within gap is defined as follows.
If measurement object i refers to a long-periodicity measurement which is any of:
-	an E-UTRA RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured, or
[bookmark: _Hlk42597774]-	an NR PRS measurement for positioning with periodicity Tprs>160ms if mutingOption1 is not configured, or with periodicity Tprs-muting >160ms if mutingOption1 is configured. Where Tprs-muting = Tprs * X * dl-prs-MutingBitRepetitionFactor and X is the size of NR-MutingPattern-r16 configured in DL-PRS-MutingOption1-r16.
then CSSFwithin_gap,i=1. Otherwise, the CSSFwithin_gap,i for other measurement objects (including E-UTRA RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFwithin_gap,i are derived as below.
For each measurement gap j not used for a long-periodicity measurement defined above, count the total number of intra-frequency measurement objects and inter-frequency/inter-RAT measurement objects, and E-UTRA RSTD measurement objects, and PRS measurement object for NR positioning on one frequency layer which are candidates to be measured within the gap j.

2.2 Calculation of PRS sample duration
For the RSTD measurement period requirements, following open issues as captured in [2] need to be addressed as well.
	· Lprs definition in 38.133
· Calculation of PRS sample duration
· Option 1: The calculation of PRS sample duration should be based on the type (type 1 or type 2) as UE used to report {N,T}
· Option 2: Do not agree with option 1. The sample parameters (e.g., number of repetitions, number of PRS symbols in slot, etc.) are to be defined in the accuracy requirements 


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 .
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 Teffect. So PRS sample duration Lprs should be based on the type that UE used to report {N, T}. Lprs can be defined as the time duration of available number of PRS symbols or number of slots depending on the type that UE used to report {N, T} during Teffect.
Proposal 6: The calculation of PRS sample duration is based on the type (type 1 or type 2) that UE used to report {N, T}.
Proposal 7: Lprs is the time duration of available number of PRS symbols or number of slots during Teffect depending on the type that UE used to report {N, T}.

2.3 Multiple PRS periodicities
	· Multiple PRS periodicities
· Option 1: Use the maximum PRS resource periodicity among all PRS resources in a single positioning frequency layer 
· Option 2: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer
· Option 3: In Rel-16, RAN4 requirements should apply only for PRS periodicities that are multiples of 5 ms
· Option 4: FFS, consider the case where e.g. not all PRS resources or resource sets are in gaps.



When multiple PRS resource periodicities are configured on a single PRS frequency layer, it needs to be decided what the PRS periodicity is of the frequency layer. Option 2 allows any configurable PRS periodicities to be used in practical network. The drawback is that the measurement period could be too long for certain configurations. With Option 1 some PRS resources with periodicity of 2^n may never get opportunities to be measured. Option 3 could work well but there is obvious restriction on practical configuration. Since in Rel-16 PRS measurement for NR positioning is conducted with gaps, the PRS resources out of gaps will not be measured. Not clear how this would decide PRS periodicities. Our view is Option 2 is used to define requirements and NW can decide what periodicities are configured for PRS resources.
Proposal 8: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer.

2.4 Measurement period when configured with PRS-RSRP
	· Measurement period when configured with PRS-RSRP
· Option 1: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
· Option 2: When RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD), then the RSTD measurement continues over the entire PRS-RSRP measurement period
· Option 3: PRS-RSRP measurement period is the same as that for RSTD, while the accuracy requirements are met for both PRS-RSRP and RSTD.
· Consider the following two scenarios:
· Scenario 1: UE being configured to do DL-TDOA only
· Scenario 2: UE being configured to do both DL-TDOA and DL-AoD


For secenario 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 would not require longer measurement period than RSTD measurement, RSTD measurement period shall not be impacted by PRS-RSRP measurement.
For secenario 2, the PRS resources for RSTD measurement and PRS-RSRP measurement should 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.
Proposal 9: RSTD measurement period shall not be impacted by PRS-RSRP measurement.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on on PRS-RSTD measurement period requirements. Based on analysis following proposals are present.
Proposal 1: The requirements for measurement period of multiple PRS layers under fully overlapping and partial overlapping case are specified.
· 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.
Proposal 2: The requirements for measurement period of multiple PRS layers under fully non-overlapping case are specified the same as overlapping case.
Proposal 3: Selection of the one PRS frequency layer for measurement is up to UE implementation.
Proposal 4: PRS frequeny layer and SSB frequency layer are always handled as separated frequency layers.
Proposal 5: CCSF for PRS measurement within gap is defined as follows.
If measurement object i refers to a long-periodicity measurement which is any of:
-	an E-UTRA RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured, or
-	an NR PRS measurement for positioning with periodicity Tprs>160ms if mutingOption1 is not configured, or with periodicity Tprs-muting >160ms if mutingOption1 is configured. Where Tprs-muting = Tprs * X * dl-prs-MutingBitRepetitionFactor and X is the size of NR-MutingPattern-r16 configured in DL-PRS-MutingOption1-r16.
then CSSFwithin_gap,i=1. Otherwise, the CSSFwithin_gap,i for other measurement objects (including E-UTRA RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFwithin_gap,i are derived as below.
For each measurement gap j not used for a long-periodicity measurement defined above, count the total number of intra-frequency measurement objects and inter-frequency/inter-RAT measurement objects, and E-UTRA RSTD measurement objects, and PRS measurement object for NR positioning on one frequency layer which are candidates to be measured within the gap j.
Proposal 6: The calculation of PRS sample duration is based on the type (type 1 or type 2) that UE used to report {N, T}.
Proposal 7: Lprs is the time duration of available number of PRS symbols or number of slots during Teffect depending on the type that UE used to report {N, T}.
Proposal 8: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer.
Proposal 9: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
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