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Introduction
In RAN4#97-e meeting, several aspects of PRS-RSTD measurements were further discussed with a WF agreed in [1]. In this paper, we discuss the following remaining topics outlined therein:
· Measurement period
· Calculation of PRS sample duration 
· Multiple PRS periodicities
· Measurement period when configured with PRS-RSRP
· Measurement period of multiple PRS layers – non-overlapping case
Measurement period
Regarding the PRS measurement period, the following options were listed in the WF [1]:
· 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 prefer option 1. Option 2 implies concurrent measurement and processing of multiple positioning frequency layers. A secondary implication is that all positioning frequency layers would be measured with a common measurement gap pattern (or two gap patterns if per-FR gap is allowed), which is more restrictive than option 1.
Observation 1: The max-based approach for measurement period assumes all positioning frequency layers would be measured with a common measurement gap pattern.
Note that in Rel-16, it has been specified that the UE is expected to process one positioning frequency layer at a time according to NR-DL-PRS-ProcessingCapability [3].
NR-DL-PRS-ProcessingCapability
The IE NR-DL-PRS-ProcessingCapability defines the common DL-PRS Processing capability. In the case of capabilities for multiple NR positioning methods are provided, the IE NR-DL-PRS-ProcessingCapability applies across the NR positioning methods and the target device shall indicate the same values for the capabilities in IEs NR-DL-TDOA-ProvideCapabilities, NR-DL-AoD-ProvideCapabilities, and NR-Multi-RTT-ProvideCapabilities.
The NR-DL-PRS-ProcessingCapability is defined for a single positioning frequency layer (i.e., a target device supporting multiple positioning frequency layers is expected to process one frequency layer at a time).

Observation 2: NR-DL-PRS-ProcessingCapability is defined for a single positioning frequency layer and the UE is expected to process one positioning frequency layer at a time.
Regarding the point about “the need for explicit definition of TRSTD,i  (imposes specific UE implementation particularly in the sum-based approach, which shall be avoided),” it should noted that both options above rely on explicit definition of TRSTD,i. We do not see the point of discussing this unless RAN4 is considering discarding both options.
Observation 3: Both the measurement period sum-based and max-based formulas rely on explicit definition of TRSTD,i.
Regarding the point about “the definition of PRS/RRM frequency layer when both PRS and RRM are configured on the same frequency layer,” as far as we know, there is no formal definition of carrier/intra-/inter-/inter-RAT frequency layer in TS 38.133, even though there are multiple references to those terms. Since there is no formal definition of “frequency layer” the FFS question above is not entirely clear. We note that positioning frequency layer is defined in TS 38.211 subclause 7.4.1.7.1: “A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or more downlink PRS resources as described in [6, TS 38.214].”
The following definition of NR intra-frequency measurements is found TS 38.133 subclause 9.2: “A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.” From this definition we infer that RRM frequency layer (at least for SSB-based measurements) refers to a grouping of NR measurements that share same SSB center frequency and SCS.
In our view RRM frequency layers and positioning frequency layers are distinct by virtue of being associated with different reference signals, even if they share the same carrier frequency.
Observation 4: RRM frequency layers and positioning frequency layers are associated with different reference signals and distinct even if they share the same frequency.
The remaining points below can be discussed in the context of CSSF re-definition to include NR positioning frequency layers. They are not specific to PRS-RSTD measurements.
· 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 choose 1 frequency layer
· FFS: the exact CSSF definition (different from Rel-15 CSSF concept)

Proposal 1: Keep the sum-based approach for PRS measurement period.

Calculation of PRS sample duration ()
Regarding the PRS sample duration, the following options were listed in the WF [1]:
· 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 

Proposal 2: The calculation of PRS sample duration should be based on the type (type 1 or type 2) as UE used to report {N,T}.

Multiple PRS periodicities
With respect to the question of how to calculate the PRS-RSTD measurement duration when there are PRS resources with different periodicity both within and across positioning frequency layers, the following options were outlined in the WF [1]:
· 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.

The rationale for option1 is fairly clear. When applied in the context of the measurement period formula, it results in a measurement period that spans at least   periods of the maximum PRS periodicity in a given positioning frequency layer (PFL), which is a necessary condition to measure all the PRS resources in said PFL. However, it is not a sufficient condition given that a) PRS measurements need to occur within measurement gaps and b) the available MGRP (20 ms, 40 ms, 80 ms and 160 ms) are not divisible by some of the PRS periods defined in Rel-16  (e.g.  8 ms, 16 ms, 32 ms).
The issue is that  given by

where  is the maximum PRS periodicity in PFL i may not reflect the correct time interval needed to measure all PRS resources with different periodicities with a single gap pattern of period . This occurs in some cases involving PRS periodicities that are not multiples of 5 ms. E.g. if one frequency layer includes PRS periodicities of 8 ms and 10 ms and MGRP = 20 ms.  should equal 40 ms, not 20 ms.
To address the issue above, which was pointed out by one company in RAN4#97-e, option2 was proposed. It addresses the issue by ensuring that  is a multiple of all PRS periodicities in a PFL. However, in solving the problem it also exposes the inefficacy of measuring PRS resources having periodicities that are not multiples of 5 ms. That is, if  is not a multiple of 5 ms, then  since  is a multiple of 5 ms in Rel-16.
Observation 5: For PRS periodicities equal to 4, 8, 16, 32 and 64 ms, at most 20% of the PRS resources would be time-aligned to the measurement gaps defined in Rel-16.
Option 3 was suggested to avoid the inefficiency of measuring PRS resources having periodicities that are not multiples of 5 ms (i.e. 4, 8, 16, 32 and 64 ms) using the measurement gaps defined in Rel-16. Even if option 3 is not adopted, we think that at least the use of those PRS periodicities should be discouraged in Rel-16. Also note that if option 3 is adopted then options 1 and 2 become equivalent. 
We support either option 2 by itself or option 1 in conjunction with option 3.
Proposal 3: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer.
Proposal 4: Measurement requirements would not apply to PRS periodicities equal to 4, 8, 16, 32 and 64 ms in Rel-16.
Measurement period when configured with PRS-RSRP
Another open item regarding PRS-RSTD measurement period is whether the requirement should be changed when PRS-RSTD is configured together with PRS-RSRP. The options being considered are [1]:
· 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

This issue was discussed in RAN4#97-e and our view was provided during the second round discussion [2]. It is reproduced here with minor modifications.
Scenario 1: UE being configured to do DL-TDOA only
Our understanding is that in this case, the UE receives NR-DL-TDOA-ProvideAssistanceData with nr-SelectedDL-PRS-IndexList specifying which PRS resources are selected/applicable for this NR-DL-TDOA-ProvideAssistanceData message. If the UE supports PRS-RSRP measurement for DL-TDOA, indicated via supportOfDL-PRS-RSRP-MeasFR1 or supportOfDL-PRS-RSRP-MeasFR2 in NR-DL-TDOA-MeasurementCapability and PRS-RSRP measurement is requested in NR-DL-TDOA-RequestLocationInformation then the UE reports PRS-RSRP results for each measured PRS resource in NR-DL-TDOA-SignalMeasurementInformation.
Since the set of PRS resources for TDOA and RSRP is one and the same in this scenario, if the number of PRS samples measured per resource is the same for both RSTD and RSRP (which companies seem to agree upon), then the measurement period should be the same for both RSTD and RSRP. Therefore option 2 above does not apply in this case.

Observation 6: For scenario 1, the measurement periods for RSTD and RSRP would be the same, assuming N_samples is the same for both. There is no need to consider option 1 vs. option 2 for this scenario.
Scenario 2: UE being configured to do both DL-TDOA and DL-AoD
In this case the UE receives both NR-DL-TDOA-ProvideAssistanceData and NR-DL-AoD-ProvideAssistanceData, each of them with potentially different nr-DL-PRS-AssistanceData and/or nr-SelectedDL-PRS-IndexList. Now the measurement period could be totally different for RSTD and RSRP (for DL-AoD) since the UE could be measuring different PRS resources for each measurement. Note that, if the UE supports PRS-RSRP measurement for DL-TDOA as mentioned above, two different sets of PRS-RSRP results would be reported for DL-TDOA and DL-AoD, respectively. The DL-TDOA PRS-RSRP results are covered under scenario 1 and the same conclusion would apply. If the UE does not support PRS-RSRP measurement for DL-TDOA, then PRS-RSRP results would be reported only for DL-AoD and the measurement period could be different from DL-TDOA. However, it would seem odd to refer to this last case as “RSTD configured with RSRP.”

Observation 7: In scenario 2, the UE would be performing measurements for two different positioning methods. The measurement periods for RSTD (DL-TDOA) and RSRP (for DL-AoD) could be completely different depending on the assistance data configured for each of them. In our view, scenario 2 does not fit the description of “RSTD configured with RSRP.”
Conclusion
Based on the observations above we are led to select option 1.
Proposal 5: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
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 are considered:
· 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)

Regarding option 1, it is not clear how to determine if non-overlapping PRS resources across positioning frequency layers would be a typical or rare occurrence. However, since we’re talking about PRS resources allocated in different frequencies, it’s not clear that there would be a need to multiplex them in time such that they do not overlap. i.e. they are already multiplexed in frequency. In addition, even if they are non-overlapping in time, in order to adopt a max approach, the time gap between PRS resources has to exceed the processing time. i.e. it would depend on the PRS processing capability of the UE as well.
As mentioned before, adopting the max approach implies concurrent measurement and processing of multiple positioning frequency layers. A secondary implication is that all positioning frequency layers 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.
We prefer option 2.
Proposal 6: Same measurement period requirements as for overlapping case (sum approach).
Conclusions
Observation 1: The max-based approach for measurement period assumes all positioning frequency layers would be measured with a common measurement gap pattern.
Observation 2: NR-DL-PRS-ProcessingCapability is defined for a single positioning frequency layer and the UE is expected to process one positioning frequency layer at a time.
Observation 3: Both the measurement period sum-based and max-based formulas rely on explicit definition of TRSTD,i.
Observation 4: RRM frequency layers and positioning frequency layers are associated with different reference signals and distinct even if they share the same frequency.
Proposal 1: Keep the sum-based approach for PRS measurement period.
Proposal 2: The calculation of PRS sample duration should be based on the type (type 1 or type 2) as UE used to report {N,T}.
Observation 5: For PRS periodicities equal to 4, 8, 16, 32 and 64 ms, at most 20% of the PRS resources would be time-aligned to the measurement gaps defined in Rel-16.
Proposal 3: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer.
Proposal 4: Measurement requirements would not apply to PRS periodicities equal to 4, 8, 16, 32 and 64 ms in Rel-16.

Observation 6: For scenario 1, the measurement periods for RSTD and RSRP would be the same, assuming N_samples is the same for both. There is no need to consider option 1 vs. option 2 for this scenario.

Observation 7: In scenario 2, the UE would be performing measurements for two different positioning methods. The measurement periods for RSTD (DL-TDOA) and RSRP (for DL-AoD) could be completely different depending on the assistance data configured for each of them. In our view, scenario 2 does not fit the description of “RSTD configured with RSRP.”
Proposal 5: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
Proposal 6: Same measurement period requirements as for overlapping case (sum approach).
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