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1 Introduction
The following was agreed [1] in RAN4#97-e on RSTD measurement requirements:

· 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.
Open issues for RSTD measurements from [1]:
· Measurement period (to be discussed at RAN4#98-e):
· 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)
· TRSTD,Total=maxi(TRSTD,i)+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
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where 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
· 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 
· 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.

· 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
· 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)
In this contribution, we discuss further the open issues on RSTD measurement requirements.
2 Measurement period when Configured with PRS-RSRP
RSTD measurement may or may not be configured together with PRS-RSRP. When the two measurements are configured together, it is reasonable to assume that the RSTD measurement and the other measurement are performed during the same measurement period. However, since both measurements are going to be used for positioning the UE, they both need to be reliable and accurate and meet the accuracy requirements. Therefore, the measurement period should be such as both accuracies can be met.

· Observation 1: When UE is configured with RSTD and PRS-RSRP, both measurements shall meet the accuracy.
· Proposal 1: 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.
3 Multiple PRS Periodicities
The following options were discussed on 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.

· Observation 2: PRS are cell-specific, and not all PRS resources may be used by the UE, e.g., only PRS resources within the (useful part of) MG can be used for measurements.
· Proposal 2: Clarify in RSTD measurement period requirements that the measured PRS resources shall be contained in at least some MGs.
· Observation 3: PRS are always performed in gaps, so MGRP imposes the restriction on which PRS are used by a given UE. However, PRS are cell-specific, so no need to restrict PRS periodicity.

· Proposal 3: No need to restrict PRS periodicity to be a multiple of 5 ms.
· Proposal 4: TPRS,i is the longest PRS periodicity (of PRS resources contained within at least some measurement gaps) on that carrier.

4 Measurement Period
The following measurement period was agreed for RSTD in overlapping case in RAN4#96-e:
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where

[image: image3.png]NER | [Lensi
Tmf.‘m,-:(CSSFm,-*NWm,i I “ | — 1)* e + T





[image: image5.png]


 = [image: image7.png]T
|+ Tuvasavte s,




The above measurement period was taken in RAN4#96-e, based on majority view, for the case when measurement gaps and processing time T have overlap between different frequency positioning frequency layers, and the UE is not able to simultaneously receive on multiple frequencies at the same time. The requirement for the case without the overlap was not agreed.

4.1 Non-Overlapping Case

The following options were discussed for the non-overlapping case (i.e., when PRS on different frequencies do not overlap):
· 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)
· Observation 4: The non-overlapping case is the only case in LTE. The overlapping case does not even exist in LTE.
· Proposal 5: RAN4 agrees that the current measurement period in TS 38.133 is over-defined for the non-overlapping case – it is unnecessarily scaled to account for the overlap which does not exist and thus too long.
· Observation 5: Positioning time is crucial for emergency and also for UE power in emergency, so RAN4 shall not unnecessarily over-define the measurement period.
· Proposal 6: 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 proposed above measurement period and the current (for the overlapping case) in TS 38.133 measurement period are illustrated in Figure 1. In Figure 1, since MG is not shared (there is no overlap), CSSF=1 for both frequencies (the number of frequencies L=2).
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Figure 1: Two frequencies (L=2) without PRS overlap, CSSF=1 since MG are not shared ([image: image9.emf] PRS on f1, [image: image10.emf] PRS on f2). 
4.2 Overlapping Case
When PRS on different frequencies overlap, MGs are shared. In this case, the measurement period should allow for sequential measurements (i.e., one frequency at a time). In NR, this is controlled by CSSF. Without re-defining the concept of CSSF, these are examples:

· Figure 2a: CSSF=1 for a single frequency layer (L=1), 

· Figure 2b: CSSF=2 for two frequency layers (L=2) which are sharing the same gap.
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Figure 2a: Number of frequencies L=1, CSSF=1 ([image: image12.emf] PRS on f1).
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Figure 2b: Number of frequencies L=2, CSSF=2 due to MG sharing ([image: image14.emf] PRS on f1, [image: image15.emf] PRS on f2).
· Observation 6: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 2b).
· Observation 7: In RRM requirements, the order of samples does not impact CSSF. The same shall apply for positioning measurements.
· Proposal 7: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the overlapping case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
TRSTD, Total = maxi (TRSTD,i).

5 Summary

· Observation 1: When UE is configured with RSTD and PRS-RSRP, both measurements shall meet the accuracy.
· Proposal 1: 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.
· Observation 2: PRS are cell-specific, and not all PRS resources may be used by the UE, e.g., only PRS resources within the (useful part of) MG can be used for measurements.

· Proposal 2: Clarify in RSTD measurement period requirements that the measured PRS resources shall be contained in at least some MGs.

· Observation 3: PRS are always performed in gaps, so MGRP imposes the restriction on which PRS are used by a given UE. However, PRS are cell-specific, so no need to restrict PRS periodicity.

· Proposal 3: No need to restrict PRS periodicity to be a multiple of 5 ms.
· Proposal 4: TPRS,i is the longest PRS periodicity (of PRS resources contained within at least some measurement gaps) on that carrier.

· Observation 4: The non-overlapping case is the only case in LTE. The overlapping case does not even exist in LTE.
· Proposal 5: RAN4 agrees that the current measurement period in TS 38.133 is over-defined for the non-overlapping case – it is unnecessarily scaled to account for the overlap which does not exist and thus too long.
· Observation 5: Positioning time is crucial for emergency and also for UE power in emergency, so RAN4 shall not unnecessarily over-define the measurement period.
· Proposal 6: 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.

· Observation 6: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 2b).
· Observation 7: In RRM requirements, the order of samples does not impact CSSF. The same shall apply for positioning measurements.
· Proposal 7: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the overlapping case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
TRSTD, Total = maxi (TRSTD,i).
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