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Introduction
In RAN4#98-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
· Accounting for multiple PRS periodicities
· Steps to calculate 
· Calculation of PRS sample duration 
· Accounting for multiple PRS resource offsets
· Measurement period of multiple PRS layers – overlapping case
· Measurement period of multiple PRS layers – non-overlapping case
· Measurement period when configured with PRS-RSRP
· Measurement period with MG reconfiguration 
· Clarification of UE behavior at HO
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 options were listed in the WF [1]:
· 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

In our view the measurement period requirements should account for type 1 PRS muting. Option 1a is a reasonable, simple way to address this and it leaves the requirements unchanged when type 1 muting is not configured. Option 1b was an attempt to optimize the requirement but it can underestimate requirements in some cases where irregular inter-period muting patterns are configured.

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.

Accounting for multiple PRS periodicities
Regarding the question of how to account for the possibility of multiple PRS periodicities within a positioning frequency layer (PFL) when specifying the measurement period requirements, the following agreement was 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 
· FFS: only the PRS resources or resource sets configured which are fully or partly within the MGs should be considered

Regarding the FFS portion of the agreement above, our view is that, in principle, it would be reasonable to exclude PRS resources that do not fall within a MG for the purpose of calculating the PRS periodicity of a PFL (). PRS periodicity is specified at the PRS resource set level so for the purpose of calculating  what matters is which PRS resource sets should be counted and which ones excluded. It would be reasonable to exclude PRS resource sets for which none of the resources fall within MGs.
Some corner cases should be considered in the context of the FFS above. E.g. what if some of the repetitions of a PRS resource fall outside MGs? This is related to applicability condition that is ongoing in RAN4. If so, would it be required that all repetitions of a resource fall within a MG?
Proposal 2: Exclude at least PRS resource sets for which none of the resources fall (at least partly) within MGs for the purpose of calculating .
Proposal 3: FFS whether to count only PRS resource sets for which at least some of the PRS resources  fall completely (including at least the minimum number of repetitions specified in the accuracy requirements) within MGs for the purpose of calculating . 


Steps to calculate 
A positioning frequency layer (PFL) can contain multiple PRS resource sets, each of them containing resources with different PRS periodicities. For the purpose of computing the measurement period requirement, RAN4 is attempting to associate a single, representative PRS periodicity with each PFL ( for PFL i) to simplify the requirement.
In RAN4#98-e, there was further discussion about how to calculate . A proposal with a list generic steps to calculate  was set forth OPPO [5] and captured in the WF [1] for consideration along with other options, reproduced below.
· Order for steps to derive 
· Option 1
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

Overall, we agree with the order of the steps in option 1. In particular, steps c-e are already implicit in the definitions of the corresponding parameters (,  and ) in TS 38.133. Now, there are still open questions about the details of the calculations in steps b and c. In the end, it may not be necessary to list the steps in option 1 in the specification but, at least internally in RAN4, they are useful to confirm that companies have a common understanding.
Proposal 4: The steps listed below provide a generic framework to calculate .
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 ()

Calculation of PRS sample duration ()
Regarding the PRS sample duration, the following agreements and open issues were captured in the WF [1]:
· 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)

 for PFL i should be calculated by aggregating the duration of all the PRS resources that fall within MGs over a time period equal to , i.e. the least common multiple of  and . Note that this definition of  depends on both the PFL configuration and the MG configuration.
Proposal 5:  for PFL i should be calculated by aggregating the duration of all the PRS resources that fall within MGs over a time period equal to , i.e. the least common multiple of  and .
Accounting for multiple PRS resource offsets

· 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

Option 3 is not valid since it has been shown already that there are cases in which the current requirement underestimates the measurement period.
Option 4 is not desirable because a) using different PRS resource offsets by itself (without muting) is an effective way to avoid interference between PRS resources from different TRPs in the same positioning frequency layer, and b) when PRS muting is used (either type 1 or type 2) the overall effect will be to transmit PRS resources at different times (offsets) so that they don’t interfere with each other. In our view, the requirements in RAN4 should not preclude these two scenarios.
To motivate the choice between option 1 and option 2 consider the example shown in the diagram (not to scale) below, with a single positioning frequency layer and two PRS resources offset by half of the PRS period.  Assume the following measurement period parameters: , , , , , , , , , , . All parameters in units of ms. In this case,  and the current requirement yields

The requirement above would not give enough time for the UE to measure the last PRS resource. Extending the requirement by  (option 1) would not be sufficient either. The UE would need at least . Option 2 would work and it would cover other cases where PRS resources are spread throughout (and closer to the end of ) the PRS available period.



Proposal 6: Redefine   as  =  +   (currently  =  + )
Measurement period of multiple PRS layers – overlapping case
In this section we address residual issues concerning the measurement period requirement for the overlapping case. Agreements and issues from RAN4#98-e [1] are reproduced below for convenience.
· 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 main issue seems to be whether the way in which the requirement is captured in the specifications (option 1A) needs to be revisited. The alternative presented in option 1B adopts the view that the intermediate per-PFL quantities  are problematic and proposes that they be replaced with their literal definitions. Our interpretation of option 1B is that there are concerns by some companies that such per-PFL quantities impose requirements by themselves. We do not see it that way.
First, the specification states that the measurement period requirement is . From TS 38.133 clause 9.9.2.5: “When physical layer receives last of NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message from LMF via LPP [34], the UE shall be able to measure multiple (up to the UE capability specified in Clause 9.9.2.3) DL RSTD measurements, defined in TS 38.215 [4], within the measurement period during  defined further in this clause.” This holds regardless of the number of PFLs and no other per-PFL requirements would be enforced or verified in scenarios with multiple PFLs.
Second, even if the variables  are replaced by their definitions as proposed in option 1B the expressions will contain parameters that are indexed by the PFL index so the reader will undoubtedly associate each term with an individual PFL (that is the intent!).
If there are concerns that readers may misunderstand that  impose requirements on measurements on each individual PFL, RAN4 can add a note to the specification to clarify that is not the intention.
Proposal 7: Retain the current way the measurement period is captured in the specification (option 1A) and possibly add a note to clarify that no per-PFL requirements are expected to be enforced in scenarios with multiple PFLs.
Measurement period of multiple PRS layers – non-overlapping case
Regarding the measurement period for multiple PRS layers for when the PRS resources of any two layers do not overlap in time, the following options were offered in th WF [1]:
· 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

We support option 1. In a prior contribution we provided several reasons to support our view [2]:
1. Adopting a max approach across PFLs for the measurement period requirement would imply concurrent measurement and processing of multiple PFLs, contrary to the RAN1 specification of UE PRS processing capabilities in Rel-16.
2. A secondary implication of the max approach is that all PFLs would be measured with a common measurement gap pattern (or two gap patterns if per-FR gap is allowed), which is more restrictive than with the sum (sequential) approach. 
3. There is not clear need to time multiplex PRS resources across different PFLs, that is unless the frequency layers overlap in frequency.
4. If PRS resources in different PFLs are offset in time the UE could only take advantage of it if the gap between them is greater than the PRS processing time supported by the UE.
5. It is not clear that scenarios with non-overlapping PRS resources across positioning frequency layers would be so prevalent to warrant a different (potentially optimized) requirement.

Proposal 8: Requirement of non-overlapping case should be the same as for overlapping case, i.e. sum approach.
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 with limited progress. There was progress in one important aspect, however. Two scenarios were discussed in RAN4#98-e, and for scenario 2 (UE being configured to do both DL-TDOA and DL-AoD) there seem to be agreement that the measurement period for each positioning method is independent [3]. In particular, the following comment was provided by Ericsson in the discussion [3]: “We agree that for different methods, it’s different. Our proposal is to address the case for measurements within the same method.” In spite of this, more scenarios, listed below, were added in this context of this question in the WF [1].

· 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


Based on our understanding that the measurement periods for different positioning methods are independent, we submit that references to “other positioning methods” in the scenarios listed above are irrelevant.

In our view the remaining question is whether the RSTD measurement period is affected when PRS-RSRP is reported for DL-TDOA (scenario 1 from RAN4#98-e). Again, based on the discussion from RAN4#98-e [3], the majority view was that the measurement period should not be affected given that there is one and only one set of assistance data provided for all measurements to be reported in DL-TDOA. When we asked how the measurement period requirement could be different only Ericsson responded with the comment that “N_sample is still in square brackets. If the required measurement periods for both measurements will be agreed to be exactly the same, then we agree the issue can then go down only to the repetitions, since these can be different in the requirements for timing measurements and PRS-RSRP which are still under discussion, to ensure that PRS-RSRP and the timing measurements are based on the same set of PRS instances.”
Our response to Ericsson’s comment is the following:
1. Yes,  is in brackets in TS 38.133 section 9.9.2.5 but there is no indication or suggestion that there would be multiple values of , depending on whether or not PRS-RSRP is reported with RSTD.
2. Our understanding is that, in the end, RAN4 will agree to a value for  that will apply independently of whether or not PRS-RSRP is configured in DL-TDOA.
3. Regarding the number of repetitions, that particular question needs to be discussed further by RAN4 but it’s not unique to this particular topic of RSTD measurement period when configured with PRS-RSRP.
4. If the disagreement on this topic boils down to number of samples and number of repetitions, then at the very least we should reformulate (focus) the question specifically in terms of those two variables.

Proposal 9: Measurement periods for different positioning methods are independent.

Proposal 10: The RSTD measurement period is independent of whether or not PRS-RSRP is reported for DL-TDOA.
 Measurement period with MG reconfiguration
In RAN4#96-e the following agreement was captured in the WF [4]: 
· If during the measurement period of one or more positioning frequency layers, MG pattern is reconfigured to enable UE to measure different DL PRS resources, the measurement period can be longer.


The agreement above has not been captured in the specifications. Our understanding is that the UE is allowed to request one MG pattern for each PFL to be measured via LocationMeasurementIndication RRC message (TS 38.331, clause 5.5.6). Therefore, MG reconfigurations requested by the UE between measurements in different PFLs are a distinct possibility. RAN4 should clarify requirements for those cases.
A related question to consider: what would happen if the network reconfigures MGs during the measurement period without the UE requesting it? Would the measurement period restart?
Proposal 11: 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 12: FFS whether to specify precisely how much to extend the measurement period when MGs are reconfigured during the measurement period.
Proposal 13: FFS applicability of measurement requirements if the network reconfigures MGs during the measurement period without the UE requesting it.


Clarification of UE behavior at HO
The following options are listed in the WF [1] regarding UE behavior 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

The current text in the specification seems to be clear. The proponents of option 1 should explain why the clarification is needed.
Proposal 14: The RSTD measurement requirements when HO occurs during the measurement are already clearly specified in 38.133 clause 9.9.2.5.
 Conclusions
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: Exclude at least PRS resource sets for which none of the resources fall (at least partly) within MGs for the purpose of calculating .
Proposal 3: FFS for the purpose of calculating , whether to count only PRS resource sets for which at least some of the PRS resources fall completely (including at least the minimum number of repetitions specified in the accuracy requirements) within MGs.
Proposal 4: The steps listed below provide a generic framework to calculate .
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 ()

Proposal 5:  for PFL i should be calculated by aggregating the duration of all the PRS resources that fall within MGs over a time period equal to , i.e. the least common multiple of  and .
(continued)

Proposal 6: Redefine   as  =  +   (currently  =  + )
Proposal 7: Retain the current way the measurement period is captured in the specification (option 1A) and possibly add a note to clarify that no per-PFL requirements are expected to be enforced in scenarios with multiple PFLs.
Proposal 8: Requirement of non-overlapping case should be the same as for overlapping case, i.e. sum approach.
Proposal 9: Measurement periods for different positioning methods are independent.

Proposal 10: The RSTD measurement period is independent of whether or not PRS-RSRP is reported for DL-TDOA.

Proposal 11: 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 12: FFS whether to specify precisely how much to extend the measurement period when MGs are reconfigured during the measurement period.
Proposal 13: FFS applicability of measurement requirements if the network reconfigures MGs during the measurement period without the UE requesting it.

Proposal 14: The RSTD measurement requirements when HO occurs during the measurement are already clearly specified in 38.133 clause 9.9.2.5.
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