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Introduction
RRM requirements for RSTD measurements have been discussed in RAN4#98-e, and the conclusions are captured in the WF [1]. Based on our understanding, there are still some remaining open issues:
· Whether and how to account for resource muting in measurement period
· Derivation of TPRS,i considering different resource periodicity
· Impact of different resource offsets on measurement period
· Definition of Lprs
· How to capture measurement period equations for overlapping case
· Measurement period equations for non-overlapping case
· Measurement period when configured with PRS-RSRP
In this paper we will provide our views on the remaining open issues on RSTD measurement requirements.
Discussion
Resource muting 
	· 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


We support option 1a to address the PRS resource muting in measurement period. 
· Option 1b may be more accurate than option 1a in some cases, but it is not a generic solution and cannot work for some muting patterns e.g. ‘01001001’.  Assuming the configured resource periodicity is 20ms, with ‘01001001’ the smallest periodicity of available resource occasions is 160ms instead of 60ms.
· Option 2 is not suitable for NR. In LTE requirements, the number of samples is quite large (e.g. 16) so there is enough margin that UE could find enough number of PRS occasions to do the measurement even half of the resources are muting. In NR the number of samples is small (i.e. 4), so the resource muting needs to be explicitly accounted in the requirements.
· Option 3 is not desirable considering that it limits the applicable scenarios of the RAN4 requirements. It is noted that muting is a useful tool for NW to coordinate the interference among positioning TRPs.
Proposal 1: If muting option 1 is applied, the periodicity of a PRS resource is scaled by  = X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16.
Derivation of TPRS,i 
	· Consideration on different resource periodicities
· Use the least common multiple of PRS periodicities among all PRS resources in the PFL 
· FFS: only the PRS resources or resource sets configured which are fully or partly within the MGs should be considered
· 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


TPRS,i is the (virtual) periodicity of a PFL that is used in measurement period requirements. Considering that resources on a PFL could have different periodicity and muting configuration, TPRS,i should be defined to accommodate all resources. In RAN4#98-e, it was agreed to use the least common multiple of PRS periodicities among all PRS resources, and one open issue here is whether to account for 
· all resources, or 
· resources that are fully or partly within the MGs
In our view, it is reasonable to only account for resources that are fully or partly within the MGs. If a PRS resource is fully non-overlapped with MG, it means not a single occasion of this resource can be measured by UE, and as such it should not cause any impact to the measurement period.
In RAN4#98-e, some companies proposed to agree on some order of steps to derive TPRS,i, Tavailable_PRS,i and Teffect,i which are used in measurement period requirements. Technically we agree with the order of steps A) ~ E) as in option 1, but we do not see the need to capture these steps explicitly in the spec; instead they should be implicitly reflected in the derivation of TPRS,i, Tavailable_PRS,i and Teffect,i.
It is noted that step D) and E) are already reflected in the derivation of Tavailable_PRS,i and Teffect,i, so the remaining part is the derivation of TPRS,i. Following steps A) ~ C), we have the following proposal to define TPRS,i.:
Proposal 2: TPRS,i is defined as 

where  is the configured periodicity of PRS resource j on the PFL i, and  is the scaling factor if muting option 1 is applied on PRS resource j (defined in Proposal 1), provided that PRS resource j is fully or partly within the MG.
Different resource offsets 
	· FFS Consideration on different resource offsets in measurement period
· Option 1
· RSTD measurement period of a single PRS frequency layer is extended by T ms if different PRS resources on the PRS frequency layer have different offsets after muting.
· Option 2
· redefine   as  =  +   (currently  =  + )
· Option 3
· No change is needed due to different offsets.
· Option 4
· Avoid PRS configuration with different resource offsets on the same PFL
· FFS if the following parameters are concerned 
· dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16
· dl-PRS-ResourceSlotOffset-r16


Different PRS resources on a single PRS frequency layer may have different offsets. This may be a result of interference coordination, with or without muting. Figure 1 is an example, where MG is with 40ms period and 0 offset, and there are 4 PRS resources with 160ms period but their offsets are 0, 40, 80, 120ms, respectively. 
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Figure 1: An example of PRS resources with different offsets
Assuming UE processing time T is same as the resource period which is 160ms, UE is required to measure all the 4 resources in 160ms time. However, the actual processing time for resource #2/3/4 are 120/80/40ms, so we cannot expect UE to complete processing them at 160ms. 
Assuming UE can process N ms PRS duration every T ms, in an extreme case, there could be a single resource in MG occasion at 0 (it counts as 1ms for 15kHz SCS and Type-2 UE capability), while all the other (N-1) ms PRS duration are in MG occasion at 120ms. It is noted that the measurement period starts at 0 which is the first MG occasion with PRS resource to measure. In this case, it is clearly unreasonable to require UE to process all but one resources within 40ms time. 
The simplest solution is to extend the overall measurement period by T ms to allow enough processing time for PRS resources in different MG occasions within Tms. Therefore, we suggest to adopt option 1 that when different PRS resources have different offsets after muting, the measurement period is extended by Tms. 
· Option 2 cannot fully the address the issue, e.g. when Tavailable_PRS,i < Teffect,i. It is noted that UE may need full processing time T for the resource with largest offset.
· Option 3 is not feasible as we discussed above, since UE would not have enough time to process the resources with larger offset.
· Option 4 is not desirable since it limit the possibility for NW to use different resource offsets for interference coordination.
Proposal 3: RSTD measurement period of a single PRS frequency layer is extended by T ms if different PRS resources on the PRS frequency layer have different offsets with or without muting.
Definition of Lprs
	· 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)


Lprs is used in the measurement period requirements and it is the PRS resource duration that UE would measure during a time period. In clause 5.1.6.5 of 38.214, the following are defined. 
	For the case when measurement gap is configured, the UE DL PRS processing capability is defined in [TS 37.355]. For the purpose of DL PRS processing capability, the duration K msec of DL PRS symbols within P msec window corresponding to the maximum PRS periodicity in a positioning frequency layer, is calculated by
-	Type 1 duration calculation with UE symbol level buffering capability

-	Type 2 duration calculation with UE slot level buffering capability

-	S is the set of slots based on the numerology of the DL PRS of a serving cell within the P msec window in the positioning frequency layer that contains potential DL PRS resources considering the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets.
-	For Type 1,  is the smallest interval in msec within slot  corresponding to an integer number of OFDM symbols based on the numerology of the DL PRS of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot , where the interval  considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS resource sets (target and reference). 
-	For Type 2,  is the numerology of the DL PRS, and  is the cardinality of the set .


Based on 38.214, Lprs should be calculated for the time period corresponding to maximum PRS periodicity on a PFL. In our view, this is equivalent to TPRS,i in measurement period requirements. 
In proposal 2, we suggest to define TPRS,i considering the resource muting and only resources that are overlapped with MG. Therefore, Lprs should only count the duration of PRS resources that are not muted and fall within MG. 
Proposal 4: Lprs is counted over the time period of TPRS,i, and it only includes the duration of PRS resources that are not muted and fall within MG.
Measurement period equations for overlapping case
	· 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


The measurement period for overlapping case is technically agreed, and the remaining issue is how to capture it in the spec, and more specifically, whether variable for a single PFL (TRSTD,i) should be explicitly defined or not. 
In our view, when multiple layers are measured, the requirements are defined for the total measurement delay (TRSTD,Total) instead of the measurement delay of each individual layer ((TRSTD,i). Therefore, we do not any issue to have the variable TRSTD,i is the spec. To avoid potential misunderstanding, it can be clarified that TRSTD,i is the measurement period of PRS frequency layer i when no other PRS frequency layer is measured. 
Proposal 5: Keep the variable TRSTD,i the spec, and clarify that it is the measurement period of PFL i when no other PFL is measured.
Measurement period equations for non-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


During RAN4#98-e, some companies proposed that for the case when measurement gaps and processing time T do not have overlap between different positioning frequency layers, the measurement period for multiple PRS layers should be defined as the max of the measurement periods for each individual PRS layer.
In our view, the proposal makes sense technically. As shown in Figure 6, since the gap and processing time between PRS layers are non-overlapping, the measurement of one PRS layer should not impact another, which means during the measurement period of one PRS layer, another PRS layer can be measured.
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Figure 6: Illustration of non-overlapping case
On the other hand, defining split requirements for overlapping case and non-overlapping case would complicate the requirements. In particular, it is not easy to define the exact condition of non-overlapping. For two PRS layers, it may be defined based on the offsets between PRS samples compared to the processing time, the case will be complex when it comes to more than 2 PRS layers. 
In addition, the necessity to have separate requirements for non-overlapping case is also a bit unclear. For example, the application of the requirements depends on network configuration and UE capability, so it may not be very useful for real deployment. Also, RAN4 requirements are minimum requirements and UE is always allowed to perform better than RAN4 requirements, and as such the requirements should be defined based on worst case.
Based on above, our preference is to not define separate requirements for the non-overlapping case in Rel-16. If the need for the enhancement is justified in the real deployments, it can be discussed in future releases.
Proposal 6: RAN4 not to define separate requirements for the case when measurement gaps and processing time T do not have overlap between different positioning frequency layers in Rel-16.
Measurement period when configured with PRS-RSRP
	· FFS Measurement period of when configured with PRS-RSRP
· 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


In scenario 1, the PRS-RSRP measurement period is same as that for RSTD (when configured without PRS-RSRP), so RSTD measurement period is not impacted by the PRS-RSRP. 
In scenario 2, there are two sub-cases:
· Case 2-1: RSTD and PRS-RSRP are performed on the different sets of PRS resources 
· In this case, RSTD measurement period may be impacted by the PRS-RSRP measurement (and vice versa). For example, if RSTD is to be measured from PFL #1 while PRS-RSRP is to be measured from PFL #2, effectively UE needs to measure 2 PFLs instead of one. UE cannot meet the measurement period requirements for each of RSTD and PRS-RSRP when the other measurement is not configured. 
· We suggest that the requirements do not apply when UE is configured PRS measurement for more than one positioning methods and the PRS resources are different.
· Case 2-2: RSTD and PRS-RSRP are performed on the same set of PRS resources 
· In this case, RSTD measurement period is same as that of PRS-RSRP, so it is not impacted by the PRS-RSRP measurement.
In scenario 3, RSTD measurement period is same as PRS-RSRP configured for DL-TDOA, same as in scenario 1. RSTD measurement period may be impacted by the PRS-RSRP measurement configured by for another positioning method as in case 2-1.
In scenario 4, RSTD measurement period is same as PRS-RSRP configured for DL-TDOA, same as in scenario 1. RSTD measurement period is also same as PRS-RSRP configured for other positioning method, so it is not impacted as in case 2-2.
Proposal 7a: RSTD measurement period is not impacted by the PRS-RSRP measurement configured for DL-TDOA.
Proposal 7b: 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.
Proposal 7c: 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.
Conclusions
In this paper we provided our views on remaining issues in RSTD measurement requirements.
Proposal 1: If muting option 1 is applied, the periodicity of a PRS resource is scaled by  = X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16.
Proposal 2: TPRS,i is defined as 

where  is the configured periodicity of PRS resource j on the PFL i, and  is the scaling factor if muting option 1 is applied on PRS resource j (defined in Proposal 1), provided that PRS resource j is fully or partly within the MG.
Proposal 3: RSTD measurement period of a single PRS frequency layer is extended by T ms if different PRS resources on the PRS frequency layer have different offsets with or without muting.
Proposal 4: Lprs is counted over the time period of TPRS,i, and it only includes the duration of PRS resources that are not muted and fall within MG.
Proposal 5: Keep the variable TRSTD,i the spec, and clarify that it is the measurement period of PFL i when no other PFL is measured.
Proposal 6: RAN4 not to define separate requirements for the case when measurement gaps and processing time T do not have overlap between different positioning frequency layers in Rel-16.
Proposal 7a: RSTD measurement period is not impacted by the PRS-RSRP measurement configured for DL-TDOA.
Proposal 7b: 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.
Proposal 7c: 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.
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