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1. Introduction

In RAN4#94-e, RRM requirements for UE RSTD measurement were discussed and the outcomes are captured in the agreed WF [1]. The remaining issues include
· Definition of intra/inter-frequency and the maximum number of PRS layers in UE active BWP 
· Need for measurement gap and scheduling restriction
· Measurement period 

· Measurement capability 
· Measurement accuracy and side condition

· Reporting criteria

· Measurement report mapping

In this paper, we will provide our views for the above issues.
2. Discussion
2.1. Intra/inter-frequency and number of PRS layers in UE active BWP
In [1] some options are listed for the definition of intra/inter-frequency RSTD measurement. From all the options, the criteria for intra/inter-frequency measurement include

· C1: Whether PRS layer includes the reference PRS resource

We do not see this condition as necessary, since from core requirements (e.g. measurement period and measurement capability) point of view, whether the reference resource is part of the PRS layer does not make any difference. 
One problem with this condition is that it will lead to inter-frequency measurement with and without gap – if a PRS layer without the reference resource is confined within UE active BWP, it can be measured without MG, but it will be defined as inter-frequency. This will unnecessarily complicates the specification without clear benefit.
Another problem is that the condition may not apply for PRS-RSRP and Rx-Tx time difference measurements, because in these measurements each PRS resource is measured separately.

· C2: Whether the BW of the PRS layer is confined within UE active BWP 
We see this is a valid condition, since it makes a difference in the measurement requirements, i.e. whether the PRS measurement can be done with or without MG.
· C3: Whether the SCS of the PRS layer is same as the SCS of UE active BWP

We do not see this as a necessary condition, since UE may be able to measure a PRS layer within UE active BWP without MG even the SCS of the PRS layer is difference from the SCS of the UE active BWP. This is similar to the support of mixed numerology for SSB measurement. 

It should be noted that for SSB measurement the intra-frequency definition is based on same SCS between neighbour cell SSB and serving cell SSB but not between neighbour cell SSB and serving cell active BWP.
· C4: Whether the center frequency of PRS layer is same as serving cell SSB

We do not see this condition as necessary, since unlike RRM measurement, serving cell is not applicable for PRS measurement, so whether and how PRS layer overlaps with SSB of the serving cell does not make any difference in the PRS measurement requirements.
· C5: Whether the SCS of PRS layer is same as serving cell SSB

We do not see this condition as necessary, since unlike RRM measurement, serving cell is not applicable for PRS measurement, so whether PRS has the same SCS as serving cell SSB does not make any difference in the PRS measurement requirements.
· C6: Whether the PRS resources to be measured are in the same positioning frequency layer, or in case not, whether the PRS resources have the same SCS and center frequency
We understand this is not a condition but a clarification. PRS resources on a PRS layer have the same center frequency, SCS and BW, so if one resource is defined as intra-frequency, all the other resources in the same PRS layer should be intra-frequency as well. Intra/inter-frequency should be determined on per PRS layer basis.

In case two PRS layers have same center frequency and SCS, but different BWs, each of them should be determined according to the agreed conditions.
Based on above analysis, the only relevance of intra/inter-frequency definition is to differentiate PRS layer confined within UE active BWP or not. This definition also applies for PRS-RSRP and Rx-Tx time difference measurements.
Proposal 1: Intra-frequency PRS measurement is defined when the BW of the PRS layer is confined within the UE active BWP. Otherwise, the PRS measurement is inter-frequency.

In RAN4#94-e, some companies proposed to have a limit on the maximum number of PRS layers within UE active BWP, and it is captured as an open issue in [1].
	· FFS the need for a maximum number K of positioning frequency layers within the active BWP, e.g., K=1


In our view, this limit is not necessary. 

· From measurement capability point of view, the maximum number of PRS layers UE can measure is reported as UE capability, so if there are more PRS layers within UE active BWP, it means UE can measure less PRS layers outside UE active BWP. 

· From measurement period point of view, we understand UE is not supposed to do concurrent measurement on more than one PRS layers, so the measurement period is scaled with the number of PRS layers, no matter how many PRS layers are within UE active BWP.

Proposal 2: RAN4 not to define a limit on the maximum number of PRS layers within UE active BWP, provided that the PRS measurement period is scaled with the number of PRS layers.
2.2. Measurement gap and scheduling restriction

In RAN4#94-e, the need for MG and scheduling restriction for PRS measurement was discussed but without conclusion, and following is captured in [1].
	· RAN4 to discuss the need for MG for PRS measurements in FR1 and FR2 in the next meeting considering the candidate options for intra-/inter-frequency PRS-RSTD, PRS-RSRP, UE Rx-Tx time difference
· See also WF in R4-2002276
· RAN4 to discuss scheduling restrictions for PRS measurements in FR1 in the next meeting considering the candidate options for intra-/inter-frequency PRS-RSTD, PRS-RSRP, UE Rx-Tx time difference


Our view on this issue is as follows.

· When PRS is within UE active BWP
· FR1: UE shall be able to simultaneously measure PRS and receive data from the serving cell, so measurement gap is not needed and no scheduling restriction should be allowed, if following condition related to SCS is met; otherwise the measurement should be with MG.
· The SCS of the PRS layer is same as the SCS of the UE active BWP, or

· UE supports concurrent PRS measurement and data reception in the UE active BWP with a different numerology (similar to simultaneousRxDataSSB-DiffNumerology)
· FR2: UE is not able to simultaneously measure PRS and receive data from the serving cell due to Rx beam sweeping for PRS measurement, and following RAN1#99 agreement [2], “UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE”. 

· First, scheduling restriction should not be allowed, as UE would prioritize data reception and drop PRS measurement when no measurement gap is provided. 

· Second, if no measurement gap is provided, some of the PRS measurement occasions will be dropped due to colliding with the dynamic data scheduling, so the measurement performance is not guaranteed. 

· When PRS is not within serving cell BWP
· For both FR1 and FR2, UE is not able to simultaneously measure PRS and receive data from the serving cell. The question is whether PRS measurement is performed within gaps, or with scheduling restrictions. Our preference is to use measurement gaps.
· First, serving cell is not aware of PRS location of neighbor cells. Thus, it cannot avoid scheduling data on the same symbols of neighbor cell PRS. 
· Second, UE cannot measure the PRS from different cells in arbitrary locations, considering the UE sampling and processing capability. It means the two PRS occasions needs to be separated by a certain time, and it fits well with the periodically occurred measurement gaps.
When a PRS layer is measured with MG, it means UE is allowed to request measurement gaps for PRS measurement and is required to meet the PRS measurement requirements only when it is provided measurement gaps for PRS measurement.
Based on above analysis, we have the following proposals. They are also applicable for PRS-RSRP and Rx-Tx time difference measurement.
Proposal 3: PRS measurement should not cause any scheduling restriction. Any PRS measurement that cannot be done without causing interruption to data should be done with MG.
Proposal 4: UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG.
· The PRS layer is in FR1 and within UE active BWP, and

· The SCS of the PRS layer is same as SCS of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP. 

2.3. Measurement capability
In [1] two options are listed regarding whether to define minimum measurement capabilities in RAN4 for PRS measurement.
	· For PRS-RSTD, PRS-RSRP, and UE Rx-Tx time difference:

· FFS whether RAN4 defines minimum measurement capabilities

· Option 1. RAN4 does not define any minimum measurement capability

· Option 2. RAN4 defines at least some minimum measurement capability (Details FFS)


In LTE, RAN4 defined the minimum measurement capabilities in number of PRS layers, and the number of TRPs per PRS layer UE needs to measure. In our view, however, this is not needed for NR given the RAN1 agreement to introduce related UE capability reporting.

	Agreement:
UE can be configured for DL PRS processing according to the following table:
Description
Maximum numbers for DL PRS resources
Values that can be signaled as part of UE Capability 

Max number of frequency layers (X1)

X1=4

Values = {1,4}

FFS: other values 

Max number of TRPs per frequency layer (X2)

X2=64

Max number of PRS resource sets per TRP (X3) per frequency layer

X3=2

Values = {1,2}

Max number of Resources per PRS resource set (X4)

X4=64

FFS: values

Max number of DL PRS Resources per UE (X5)

NA

FFS: values

Max number of TRPs for all frequency layers (X6) per UE

256
FFS: values

Max number of Resources per frequency layer (X7)

NA

FFS: values

Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.


UE should be able to measure all the configured PRS resources, resource sets, TRPs and PRS frequency layers as long as the configured numbers do not exceed the reported UE capability. On the other hand, if any of the configured number goes beyond the UE reported capability, no requirements should apply for the PRS measurement. 

Proposal 5: RAN4 not to define measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure.

Proposal 6: The measurement requirements apply only if the number of configured PRS layers, TRPs, resource sets and resources is within UE reported capabilities.

2.4. Measurement period

In RAN4#94-e, there was not much discussion on the details of measurement period requirements, due to lack of RAN1 conclusions on the UE capability related to PRS buffering and processing.  The latest description of the capability in RAN1 UE feature list is as follows. 
	1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported by UE

a. It is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE

b. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value

i. Note: this overrides the 272 RB assumption in the previous RAN1 agreement.

c. UE DL PRS processing capability is signaled per band

d. UE DL PRS processing capability is defined for a single positioning frequency layer

e. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

f. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS

g. FFS if reported values of T are the same across bands within a FR or across FRs


In our understanding, every Tms UE can buffer and process PRS symbols (including the related uncertainty) of at most Nms in consecutive slots. In this sense, PRS measurement in time domain is similar to SSB measurement based on SMTC. Tms is the time needed for buffering and processing the Nms PRS duration, which is same asΔin LTE requirements.

Next we will take LTE requirement as baseline and analyse the adaptation for each component in the requirement due to difference in NR PRS design.

· PRS periodicity: PRS resources from the same resource set have the same periodicity, but can be different for different resource sets or different TRPs. Following the principle in LTE eMTC discussion, the measurement period should be scaled by the largest resource periodicity among all resource sets from all TRPs of a PRS frequency layer. The periodicity of the PRS resource should be lower bounded by Tms, as UE cannot buffer or process another PRS occasion during Tms.

· Number of PRS occasions per frequency layer: in principle, the PRS measurement is one-shot. In LTE the number of PRS occasions are defined by considering UE having to process PRS resources from 16 cells and the margin for unfavourable channel fading (a TRP may not be always visible due to fading). 
· In NR, the margin for fading channel also needs to be considered. 
· In addition, for PRS layer measured with MG, additional PRS occasions for AGC are also needed. This is similar as SSB based inter-frequency measurement with MG.

· The number of occasions needs to be scaled by LPRS/N, where LPRS is the actual PRS duration per occasion, and N is the UE capability on the maximum duration of PRS symbols UE can buffer and process every Tms. It should be noted that the discussion on the UE buffering and processing capability has not finalized in RAN1, so the scaling of number of occasions in measurement period may be updated based on further RAN1 agreements.
· Number of PRS layers: in our view UE only processes Nms PRS every Tms for one PRS layer. If the assistance data includes measurement configuration for more than one PRS frequency layers, the measurement period should be scaled by the number of PRS layers. 

· Processing time: in LTE the processing timeΔis defined as one or multiple of 160ms. In NR we understand the processing time is the Tms in UE reported capability. Same as in LTE, this processing time should also be considered in the measurement period.

· Rx beam sweeping: For FR2, the PRS measurement may require Rx beam sweeping. Although QCL information may be provided for the PRS resource, the QCL source may not be detectable. Also, PRS resources from different TRPs may be FDM-ed or CDM-ed on the same OFDM symbol. They are from different directions, but UE can only direct Rx beam to one direction, so effectively Rx beam is still swept for UE to measure PRS from all TRPs. To simplify the requirements, we prefer to always apply the scaling factor for Rx beam sweeping in FR2.

Based on above analysis, we have the following proposal for the measurement period requirements for PRS measurement:

Proposal 7: PRS measurement period is defined as

Tmeas_PRS = NRxBeam * Nfreq * [Ceil(LPRS/N) * max(Tres, Tproc) * [X] + Tproc] 

where 
· NRxBeam is the scaling factor for Rx beam sweeping, 
· Nfreq is the number of PRS frequency layers, 
· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, 
· Tproc is the PRS processing time as indicated in UE capability reporting, 
· LPRS is the actual PRS duration per occasion, and N is reported capability on the maximum duration of PRS symbols UE can buffer and process every Tproc ms, 
· X is the number of occasions to account for fading channel uncertainty and AGC

2.5. Measurement accuracy and side condition 
In LTE, the RSTD accuracy requirements are defined for 1.4MHz PRS with 6 PRS subframe per occasion and 20MHz with 1 PRS subframe per occasion, because these are combinations which give reasonable positioning performance. Same principle should be used for NR. As RAN4 has done system level simulations and the link level simulation campaign is ongoing, the outcome of the simulations can be used to select the combinations. Same as in LTE, the RSTD accuracy requirements should be based on single shot measurement. 
On the side conditions, the remaining open issue is to select from the following two options for FR2

· Option 1: Same as FR1 (PRS Es/Iot is -6 dB for reference cell and -13 dB for neighbor cells)
· Option 2: PRS Es/Iot is -3 dB for reference cell and -10 dB for neighbor cells

Based on the system level and link level simulation results, we see option 2 as more relevant for FR2. On one hand, the better side condition will lead to improved accuracy performance on link level; on the other hand, on system level the number of cells above -10dB Es/Iot is sufficiently high to make positioning fix.
Proposal 8: RSTD accuracy requirements are defined based on single shot measurement.

Proposal 9: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
2.6. Reporting criteria
In [1] some options to define reporting criteria requirements for RSTD measurement are listed. To facilitate the discussion, the signalling for RSTD measurement report in the running CR of 37.355 is copied below.
NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {


dl-PRS-ReferenceInfo-r16

DL-PRS-IdInfo-r16,


nr-DL-TDOA-MeasList-r16
NR-DL-TDOA-MeasList-r16,


...

}

NR-DL-TDOA-MeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxTRPs)) OF NR-DL-TDOA-MeasElement-r16

NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {


trp-ID-r16





TRP-ID-r16


OPTIONAL,


nr-DL-PRS-ResourceId-r16

NR-DL-PRS-ResourceId-r16
 OPTIONAL,


nr-DL-PRS-ResourceSetId-r16

NR-DL-PRS-ResourceSetId-r16 OPTIONAL,


nr-TimeStamp-r16



NR-TimeStamp-r16,



nr-RSTD-r16





INTEGER (0..ffs),
-- FFS on the value range

 
nr-AdditionalPathList-r16

NR-AdditionalPathList-r16

OPTIONAL,


nr-TimingMeasQuality-r16



NR-TimingMeasQuality-r16,


nr-PRS-RSRP-Result-r16


INTEGER (FFS)


OPTIONAL, -- FFS, value range to be decided in RAN4.


nr-DL-TDOA-AdditionalMeasurements-r16



NR-DL-TDOA-AdditionalMeasurements-r16,


...

}

In our view,
· UE makes one report per positioning session, and the report includes the measurement results from all applicable PRS layers and all PRS resources, so RAN4 should not define Ecat for each PRS layer or for different types of PRS layers (e.g. intra/inter-frequency)

· There is also no need to define the number of PRS resources in the criteria, as the maximum number of RSTD measurements are limited by UE capabilities defined by RAN1, so RAN4 does not need to repeat or define further requirements
· PRS-RSRP, if requested in NR-DL-TDOA-RequestLocationInformation, will be reported together in the same IE as RSTD, so it should be included in the reporting criteria
Proposal 10: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (when requested in NR-DL-TDOA-RequestLocationInformation).
2.7. Report mapping for absolute RSTD
In RAN4#94-e there was no conclusion for RSTD report mapping due to diverse views from companies. Instead, some design aspects are summarized by the moderator which in our view are helpful to facilitate the discussions. Next we will provide our views on these aspects.
1. Uniform vs. Non-uniform granularity
We prefer uniform granularity across the whole range 

In our understanding, the neighbour TRPs are not necessarily tightly synchronized to the reference TRP, especially for the case when neighbour TRP is on a different PRS layer from the reference TRP. In this case, a TRP with large RSTD e.g. close to 500us may also be close in distance to UE and reference TRP. To say the least, a TRP with large distance to UE and reference TRP is not necessarily less useful for positioning fix.
From signalling overhead point of view, using 4x larger granularity for absolute RSTD values larger than 4096Ts as in LTE only saves 1 bit – in LTE RSTD report mapping, there are 12722 indexes which requires 14bits, while reporting the same full range with same granularity requires 30782 indexes thus 15bits. 
2. RSTD range in FR2
We prefer to use the same range for FR1 and FR2 

As mentioned above, the neighbour TRPs are not necessarily tightly synchronized to the reference TRP, especially for the case when neighbour TRP is on a different PRS layer from the reference TRP. If the reference TRP is in FR1 and neighbour TRP is in FR2, the RSTD between this TRP pair may also be large e.g. close to 500us. 

We acknowledge that the cell range in FR2 would be smaller than in FR1, and we understand this is why RAN1#99 agreed to have smaller expected RSTD uncertainty for FR2. It should be noted that RAN1 agreed to have the same expected RSTD for FR1 and FR2.

	Agreement:
The expected RSTD value is a single value defined as the RSTD the UE is expected to measure (at the UE location).

· The value range of the expected RSTD is +/- 500 us. 

· The value range for the uncertainty of the expected RSTD is

· When any of the resources used for the DL positioning measurement are in FR1: +/- 32 us

· When all of the resources used for the DL positioning measurement are in FR2: +/- 8 us


3. Parameter k
We prefer to use allow UE to choose k value down to -1 but no greater than the nominal granularity
We do not have strong view on whether UE should always follow the configured k value or UE can choose the k value. We slightly prefer to allow UE to choose the k value for reporting because 

· the nominal granularity is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support), and UE should at least be able to report with this granularity
· As an example, if PRS is configured with 272PRB and 30kHz SCS, and assuming UE can support PRS BW of 100MHz, the FFT size is 4096 and the nominal granularity is 1/(4096*30000) = 16 Tc, which corresponds to k = 4
· UE should be allowed to use finer granularity than the nominal granularity, e.g. UE may employ oversampling and interpolation to get finer granularity, and this should not be prohibited from specification as long as the accuracy requirements are met
On the minimum value for k, we prefer to define it as -1 to be more future proof. If UE can choose the actual k value for reporting, we also see no need to have different minimum k value for FR1 and FR2 as this will limit the UE implementation and again not future proof.
4. Number of mapping tables
We prefer to define one mapping table per k value
Following our preferences above, the reporting range is same for FR1 and FR2, and the reporting granularity is up to UE to choose and uniform across the whole range. 
In this case, we do not see any benefit to combine the mapping for different granularities in one table, but instead it will complicate the specification because RAN4 or RAN2 needs to describe how the bit string is mapped to indexes and how the indexes are mapped to values, which is not straightforward based on a single table for different granularities. 
We also do not see the benefit to use relative mapping. In our understanding, relative mapping was introduced in LTE mainly due to backward compatibility issue, which does not exists for NR.
Proposal 11: The report mapping for absolute RSTD is defined by following principles.

· The reporting range is from -500us to +500us for both FR1 and FR2,

· The reporting granularity k is to be chosen by UE 

· The minimum value is -1 

· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)

· The reporting granularity is uniform across the whole range

· One mapping table is defined for each k value, and relative reporting is not used
2.8. Report mapping for differential RSTD
RAN1 and RAN2 have agreed [3] to introduce differential RSTD for 
· Additional PRS resources for the same TRP pair (blue part)
· Additional path for the same pair of PRS resources (yellow part)
	NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {


trp-ID-r16





TRP-ID-r16


OPTIONAL,

nr-DL-PRS-ResourceId-r16

NR-DL-PRS-ResourceId-r16
 OPTIONAL,


nr-DL-PRS-ResourceSetId-r16

NR-DL-PRS-ResourceSetId-r16 OPTIONAL,


nr-TimeStamp-r16



NR-TimeStamp-r16,



nr-RSTD-r16





INTEGER (0..ffs),
-- FFS on the value range

 
nr-AdditionalPathList-r16

NR-AdditionalPathList-r16

OPTIONAL,


nr-TimingMeasQuality-r16



NR-TimingMeasQuality-r16,


nr-PRS-RSRP-Result-r16


INTEGER (FFS)


OPTIONAL, -- FFS, value range to be decided in RAN4.

nr-DL-TDOA-AdditionalMeasurements-r16



NR-DL-TDOA-AdditionalMeasurements-r16,


...

}

NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..2)) OF NR-AdditionalPath-r16

NR-DL-TDOA-AdditionalMeasurementElement-r16 ::= SEQUENCE {


nr-DL-PRS-ResourceId-r16        NR-DL-PRS-ResourceId-r16
 OPTIONAL,


nr-DL-PRS-ResourceSetId-r16

NR-DL-PRS-ResourceSetId-r16 OPTIONAL,

nr-TimeStamp-r16



NR-TimeStamp-r16,


nr-RSTD-ResultDiff-r16


INTEGER (0..ffs),
-- FFS on the value range to be decided in RAN4         



dl-PRS-RSRP-ResultDiff-r16
INTEGER (FFS)

OPTIONAL, -- FFS on the value range
to be decided in RAN4         


nr-AdditionalPathList-r16

NR-AdditionalPathList-r16

OPTIONAL,

...

}


Granularity 

For both types of the differential reporting, the granularity should be same as for the absolute reporting. This is because the differential reporting is used only to save signalling overhead, but from UE measurement point of view, there is no difference between measurements on different resources or different paths.

Range

For additional resource reporting, we understand UE can select the PRS resource pair which gives the smallest RSTD for absolute value reporting, so the additional resource reporting only needs to cover the positive range. 
For additional path reporting, we understand the additional path may be earlier or later than the “first path” determined by certain criteria which are up to UE implementation, so the reporting should have both positive and negative ranges.
On the maximum range, as the additional reporting is for the same pair of TRP or same PRS resource pair, the values should be quite small. In LTE the range for the additional path reporting is +/-4.17us, and for NR similar range can be used, and we propose to define the range as +/-5us.
	AdditionalPath-r14 ::= SEQUENCE {


relativeTimeDifference-r14
INTEGER (-256..255),


path-Quality-r14


OTDOA-MeasQuality



OPTIONAL,


...

}

relativeTimeDifference

This field specifies the additional detected path timing relative to the detected path timing used for the rstd value in units of 0.5 Ts, with Ts=1/(15000*2048) seconds. A positive value indicates that the particular path is later in time than the detected path used for RSTD; a negative value indicates that the particular path is earlier in time than the detected path used for RSTD.


Proposal 12: The report mapping for differential RSTD is defined by following principles.

· The reporting granularity k is same as for the absolute RSTD

· The range for additional resource reporting is from 0 to +5us
· The range for additional path reporting is from -5us to +5us
3. Conclusions

In this paper we provided our views on RSTD measurement requirements.
Proposal 1: Intra-frequency PRS measurement is defined when the BW of the PRS layer is confined within the UE active BWP. Otherwise, the PRS measurement is inter-frequency.

Proposal 2: RAN4 not to define a limit on the maximum number of PRS layers within UE active BWP, provided that the PRS measurement period is scaled with the number of PRS layers.

Proposal 3: PRS measurement should not cause any scheduling restriction. Any PRS measurement that cannot be done without causing interruption to data should be done with MG.
Proposal 4: UE should be able to measure a PRS layer without MG if the following conditions are met, otherwise UE is assumed to measure the PRS layer with MG.
· The PRS layer is in FR1 and within UE active BWP, and

· The SCS of the PRS layer is same as SCS of UE active BWP, or UE supports mixed numerology between PRS and UE active BWP. 

Proposal 5: RAN4 not to define measurement capability in terms of number of PRS layers, TRPs, resource sets and resources that UE shall be able to measure.

Proposal 6: The measurement requirements apply only if the number of configured PRS layers, TRPs, resource sets and resources is within UE reported capabilities.

Proposal 7: PRS measurement period is defined as

Tmeas_PRS = NRxBeam * Nfreq * [Ceil(LPRS/N) * max(Tres, Tproc) * [X] + Tproc] 

where 

· NRxBeam is the scaling factor for Rx beam sweeping, 

· Nfreq is the number of PRS frequency layers, 

· Tres is the maximum resource periodicity among all PRS resources on the PRS frequency layer, 

· Tproc is the PRS processing time as indicated in UE capability reporting, 
· LPRS is the actual PRS duration per occasion, and N is reported capability on the maximum duration of PRS symbols UE can buffer and process every Tproc ms, 

· X is the number of occasions to account for fading channel uncertainty and AGC

Proposal 8: RSTD accuracy requirements are defined based on single shot measurement.

Proposal 9: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
Proposal 10: Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (when requested in NR-DL-TDOA-RequestLocationInformation).
Proposal 11: The report mapping for absolute RSTD is defined by following principles.

· The reporting range is from -500us to +500us for both FR1 and FR2,

· The reporting granularity k is to be chosen by UE 

· The minimum value is -1 

· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)

· The reporting granularity is uniform across the whole range

· One mapping table is defined for each k value, and relative reporting is not used
· Proposal 12: The report mapping for differential RSTD is defined by following principles.

· The reporting granularity k is same as for the absolute RSTD

· The range for additional resource reporting is from 0 to +5us

· The range for additional path reporting is from -5us to +5us
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