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Introduction
In RAN4#94-e-Bis meeting, several aspects of PRS-RSTD measurements were further discussed. The email discussion is captured in [1] with a WF agreed in [2]. In this paper, we discuss the following topics:
· Intra-frequency vs. inter-frequency PRS measurements
· Number of frequency layers configured per active BWP
· Measurement period requirements
· Measurement accuracy requirements
· Remaining issues on PRS-RSTD report mapping 
· Measurement reporting criteria and capability
Intra-frequency vs. inter-frequency RSTD measurement
In RAN4#94-e-Bis, the following was captured in the WF regarding this topic:
Further discuss the definition of intra-frequency and inter-frequency RSTD measurements:
· Option 1. Intra-frequency RSTD measurement is defined as when the neighbor DL PRS resource and the reference DL PRS resource belong to the same positioning frequency layer. Otherwise, the RSTD measurement is inter-frequency. 
· Option 2. Intra-frequency RSTD measurement is defined when neighbour DL PRS resource and reference DL PRS resource belong to the same positioning frequency layer, and the BW of the positioning frequency layer is within the BW of UE’s active DL BWP, and SCS and CP of the positioning frequency layer are the same as those of  UE’s active DL BWP. Otherwise, the RSTD measurement is inter-frequency. 
· Option 2a. Intra-frequency RSTD measurement is defined when the DL PRS resources to be measured, including reference cell and neighbor cell, have the same center frequency, SCS and CP type as serving cell and the BW of these PRS are all within the active BWP. Otherwise, the RSTD measurement is inter-frequency measurement. 
· Option 3. Intra-frequency RSTD measurement: the center frequency of PRS BW is the center frequency of a serving cell SSB and has the same SCS as that of the serving cell SSB, otherwise it is inter-frequency. MG may be needed for intra- or inter-frequency, depending on whether or not the PRS BW is within the active BWP (NOTE: for RSTD, the above conditions are met for both reference and the other DL links) 
· Option 4. 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. 


Definition of intra-frequency and inter-frequency RSTD has been discussed for several meetings now without much progress. 
In our understanding, option 2a means that PRS resource should all belong to the same positioning frequency layer and the PRS BW should be contained within active BWP. However, option 2a does not address the situation when SCS/CP of the positioning frequency layer is the same or different from those of active BWP which may or may not require MG. 
Option 3 has an unnecessary dependence on serving cell SSB which may or may not be present in a component carrier (CC), may be at the edge of CC, and may have a different SCS compared to active BWP. Reusing the definition of intra-frequency from other measurement types in other WIs does not make sense particularly since NR positioning has specifically defined the concept of positioning frequency layer. Even the definition of CSI-RS for L3 which was agreed in RAN4#94-e-Bis meeting do not share the same oddities that appear in option 3.
Proponents of option 4 do not include limitation of SCS in the definition of intra-frequency as it is argued that some UE’s may have the capability to do mixed SCS processing. However, such capability is not defined in any working group now and even if defined, it will have to be optional which means the definition should account for UE’s not supporting this capability. Moreover, we think there should be a limitation on the CP of the positioning layer as well. 
After several meetings, RAN4 finally narrowed the definition of intra-frequency CSI-RS for L3 as in the following:
Agreement
A measurement is defined as CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and target cell is the same
· the CP type of CSI-RS on serving cell and target cell is the same
· Option 1 
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell [indicated in servingCellMO]
· Option 2
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell 
· Common understanding: centre frequency of CSI-RS resource on the serving cell is indicated in servingCellMO
Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE


In order to make progress, our proposal is to have a similar compromise as in CSI-RS for mobility discussion. It is proposed to use option 1 (which is essentially the RAN1 definition of intra-frequency definition) as in the following:
Proposal 1. Intra-frequency RSTD measurement is defined as when the neighbor DL PRS resource and the reference DL PRS resource belong to the same positioning frequency layer. Otherwise, the RSTD measurement is inter-frequency.
· Define intra-frequency RSTD requirements for the scenarios
· SCS and CP of the positioning frequency layer is the same as the active BWP of UE
· BW of positioning frequency layer is within the active BWP of the UE
RSTD report mapping 
On RSTD report mapping, the remaining issues are captured as in the following:
Parameter k in report mapping tables:
· Agreement from GTW session (April 27th 1-3pm UTC):
· LMF provides a recommended k value (k1). UE selects parameter k (k2) and informs to the LMF. Further discuss the relation between UE selected parameter k2 and network recommended value k1.
· Further discuss for RSTD and UE Rx-Tx time difference reporting:
· Relationship between k1 and k2
· Range of k1 and k2 in FR1
· Agreements on RSTD and UE Rx-Tx time difference report mapping tables captured in LS to RAN2 (R4-2005415)


In our understanding, LMF should set the value of  properly with respect to PRS BW, i.e., with increasing PRS BW,  should be set to smaller values and vice versa. With this understanding, the value that UE selects, , can be equal to, or larger than . In most scenarios, UE should adhere to the recommended value from LMF (i.e., ) but in cases when the PRS BW is larger than active DL BWP and a proper MG is not configured or not yet requested by UE, then . 
Another consideration is that UE is required to meet the accuracy requirements for each PRS BW as long as it supports that PRS BW. To do so, UE needs to use a  value that satisfies . 
To account for possible difference between BW of reference resource and neighbor resource, a min between the two BW should be taken. Moreover, per TS 38.214:
The UE may be configured to report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS configured for those cells. The up to 4 measurements being performed on the same pair of cells and all DL RSTD measurements in the same report use a single reference timing.

These (up to 4) DL RSTD measurements on the same TRP pair can belong to different positioning frequency layers hence the constraints should also be based on min of PRS BW across positioning frequency layers of the same TRP pair.
Proposal 2. The relationship between LMF recommended value () and the UE selected value ( to be:

Where  is the positioning layer frequency layer index of all RSTD measurements of the same TRP pair. 
Given the maximum BW of 100 MHz in FR1, our view is that granularity of Tc is not needed in FR1.
Proposal 3. In FR1,  
Measurement capability & reporting criteria
The current list of UE capability signaling in RAN1 has stabilized more compared to previous meetings and it can be seen that:
	13-3
	DL PRS Resources for DL-TDOA
	1. Max number of DL PRS Resource Sets per TRP per frequency layer. Values = {1, 2}
2. Max number of DL PRS Resources per DL PRS Resource Set. Values = {1, 4, 8, 16, 32, 64}
3. Max number of DL PRS Resources across all frequency layers, TRPs and DL PRS Resource Sets. Values = {64, 128, 192, 256, 512, 1024, 2048}
4. Max number of TRPs across all positioning frequency layers per UE. Values = [{16, 32, 64, 96, 128, 256} or {3, 12, 64, 256}]
5. Max number of DL PRS Resources per positioning frequency layer. Values = {32, 64, 128, 256, 512, 1024]
6. [Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]
7. [The number of positioning layer UE supports]
Values = {1, 2, 3, 4}
	FFS: [Per band or Per UE]



Therefore, UE shall support at least 4 PRS resources per TRP across all frequency layers, 32 PRS resources per positioning frequency layer, [3 or 16] TRPs across all positioning frequency layers, and 64 resources across all frequency layers, TRPs, and sets. In our view, these minimum values are more than sufficient to make DL-TDOA work in any scenario and RAN4 should not define a minimum value for number of RSTD measurements that UE is capable of reporting. 
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make DL-TDOA work in any scenario.
Proposal 4. RAN4 to not define a minimum value for number of RSTD measurements that UE shall be capable of reporting. 
One consideration is how the scenario where LMF configures UE with assistance-data with more number of resource than UE’s advertised capability should be handled. Our understanding is that this scenario can occur in deployments and should not be considered an error case; rather UE should not be expected to report measurements beyond its capability. In such case, for the subset of resources that UE reports the measurements, the measurement requirements (accuracy and delay) shall be met.
Proposal 5. If the DL-PRS assistance data provides the UE with a number of DL-PRS resources beyond its capabilities, the UE assumes the DL-PRS resources in the assistance data are sorted in a decreasing order of priority. The UE is expected to measure and report the PRS resources according to its capability and the decreasing order of priority and meet the corresponding measurement requirements. 
It is noted that sorting of cells in decreasing order of priority in assistance data was also done in LTE OTDOA and reflected in the LPP specification. 
Measurement reporting criteria was discussed in the last meeting and some options were listed. In our understanding, the measurement reporting criteria should not be dependent on intra-frequency or inter-frequency measurements as this is already part of the capability signaling of UE. Our proposal is similar what was converged in the 2nd round of discussion in last meeting:
Proposal 6. Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (if configured with RSTD and supported by UE).
Measurement requirements
 Measurement period
Measurement period was discussed in the previous RAN4 meeting with some contributions presenting more details on its formulation. In parallel to RAN4 discussions, UE feature list and capability signaling for NR positioning has progressed further.
Finalized RAN1 agreements on PRS processing capability are as follows:
Agreement:
· For the purpose of DL PRS processing capability, the duration of DL PRS symbols (K) in ms within any P msec window, is calculated by
· Type 1 duration calculation with
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· Type 2 duration calculation with 
[image: ]where 
· Type 1 or Type 2 is reported as UE capability,
· S is the set of slots 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 (target and reference),
· for Type 1, [Tsstart, Tsend]is the smallest interval in ms within slot  corresponding to an integer number of OFDM symbols of a serving cell that covers the union of the potential PRS symbols and determines the PRS symbol occupancy within slot . 
· Interval[Tsstart, Tsend] considers the actual nr-DL-PRS-ExpectedRSTD, nr-DL-PRS-ExpectedRSTD-Uncertainty provided for each pair of DL PRS Resource Sets (target and reference).
Agreement:
· For UE DL PRS processing capability, 
· UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· Additionally, UE reports new parameter, number of DL PRS resources that UE can process in a slot, which is reported per SCS per band. 
· Values: {1, 2, 4, 8, 12, 16, 32, 64}
· The following sets of values for N, T and B are supported
· Values for N = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for T = {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for maximum BW reported by UE = {5, 10, 20, 40, 50, 80, 100, 200, 400} MHz
Agreement: The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS
Agreement: UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)
Agreement: UE capability for DL PRS processing is defined assuming the case with configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than X%
· FFS: X




RAN1 has now defined two categories for PRS duration calculation: Type 1 and Type 2. In Type 2, the presence of even one PRS resource within a slot results in the entire slot duration being considered for PRS duration calculation regardless of how many symbols it occupies. Compared to Type 1, Type 2 duration calculation is more conservative, but the two types are approximately the same when PRS symbols occupy most of a slot duration. Our view is that for the purpose of measurement duration, RAN4 should adopt the more conservative Type 2 rather than having two separate formulations for Type 1 and Type 2.
Proposal 7. RAN4 to define RSTD measurement period based on Type 2 PRS duration calculation. RSTD measurement period for Type 1 PRS duration calculation shall be no longer than Type 2. 
The two separate capabilities that are defined by RAN1 are:
· combination of  values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE
· number of DL PRS resources that UE can process in a slot, which is reported per SCS per band ()
We reiterate our proposal from last meeting in terms of capability , the basic unit of PRS processing capability of UE, with respect to duration of a DL PRS resource. 
Proposal 8. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater , where  is the duration of DL PRS symbols in ms that UE is capable of processing, measurement requirements do not apply. 
RAN1 is further discussing whether multiple pairs of processing capabilities should be introduced (e.g., for processing with MG or without MG, or even multiple pairs without MG). For now, capability signaling is only defined for the case when measurements are done with MG. Henceforth, we only focus on the measurement period with MG given the RAN1 agreements. 
To arrive at basic formulation of the measurement period, the followings are assumed:
· One positioning frequency layer
· One common PRS periodicity among all configured PRS resources
· No loss of PRS occasions due to HO, overlap with SSB, or other reasons
· No Rx beam sweeping (FR1) 
· One sample per PRS resource
The extension of measurement period when any of the above assumptions are relaxed is discussed later.
Assume that LPRS represents the span of a PRS occasion defined as the time from the first slot of the earliest PRS resource to the last slot of latest PRS resource based on Type 2 duration calculation. Assume that TPRS represents the common PRS periodicity among all configured DL PRS resources.



Figure 2 Time duration spanned by all DL PRS resources (LPRS) and PRS periodicity (TPRS) 

If LPRS ≤ N, then UE only needs T ms to process the PRS resources. Otherwise, UE needs to measure PRS resources in round-robin fashion and the measurement period is scaled by the maximum of T, MG period, and TPRS.
Similarly, if the number of PRS resources in a slot, , is equal to, or smaller than, then UE only needs T ms to process the PRS resources. Otherwise, the measurement period is scaled similarly as in  case. 
Hence, it is proposed that:
Proposal 9. The RSTD measurement period is defined as:

Where 
·  is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE 
·  is number of DL PRS resources that UE can process in a slot, which is reported per SCS per band
· LPRS represents the span of a PRS occasion defined as the time from the first slot of the earliest PRS resource to the last slot of latest PRS resource based on Type 2 duration calculation
· is the number of configured PRS resources in a slot
·  is the periodicity of PRS
· MGP is the measurement gap period
With this basic definition, we now discuss the extension to more general cases.
It is possible that PRS resources are configured with difference periodicities. Similar to LTE OTDOA, the measurement period should be formulated based on maximum periodicity value; .
Proposal 10. Measurement period to be based on maximum periodicity value; , among all configured DL PRS resources.

Regarding UE Rx beam sweeping, some companies proposed a similar approach to UE Rx beam sweeping in R15 RRM measurements which simply scales the measurement period by a scaling factor assuming that UE receives each instance (or occasion) of PRS with a fixed Rx beam. 
Our view is that the intention of introducing large values for repetition factor, DL-PRS-ResourceRepetitionFactor, is to enable UE Rx beam sweeping within an instance (or occasion) of PRS similar to the so-called P3 beam management which corresponds to repetition ON. It is noted, however, that a portion of the repetition slots may have to be used for UE to meet the accuracy requirements. If DL-PRS-ResourceRepetitionFactor is configured to be larger than the repetition needed for accuracy requirements and if the repetition slots are available to UE (not muted), then UE can sweep its Rx beam. A concern that was raised in last meeting was that Rx beam sweeping within an occasion will face problems due to UE not knowing the timing of the PRS resource that is being measured. Our understanding is that the assistance data narrows the timing of the PRS resource to +/- 1 OFDM symbol at worst (since expectedRSTD-uncertainty is +/- 8us in FR2) so using serving cell timing for Rx beam sweeping should be feasible and have negligible impact on performance particularly since first and last symbols may be reserved for control region or UL (in TDD).
We also note that the R15 Rx beam sweeping approach results in increased latency which is not aligned with the performance expectations of R16 positioning. As an example, even if all PRS resources configured to be measured by UE fall within the UE capability , a measurement period of  is required. With Rx beam sweeping within PRS occasion, the required measurement period will be 
More concretely, the UE Rx beam sweeping factor for FR2 can be expressed as:

Where is the number of repetitions needed to meet the accuracy requirements (to be determined by link-level simulation campaign) and  is the minimum number of available (not muted) repetition slots among all configured DL PRS resources assuming that   (otherwise, accuracy requirements cannot be met).
Proposal 11. UE sweeps its Rx beams within a PRS instance (occasion) if the number of repetitions, DL-PRS-ResourceRepetitionFactor, is larger than what is required to meet the accuracy requirements. If not, UE sweeps its Rx beams across PRS instances (occasions).

The measurement period adds up for each frequency layer that is configured to be measured. It is noted that many parameters (e.g., , , ) depend on the PRS configuration in a frequency layer so the measurement period cannot simply be scaled by the number of frequency layers.
Proposal 12. Measurement periods adds up for each frequency layer that is configured to be measured, i.e., if measurement period for frequency layer  is, then total measurement period is 

On overlap of SSB with PRS symbols and potential extension of measurement period, the following was captured in the WF from last meeting: 
Measurement period – Impact of SSB symbols:
· Further discuss whether PRS-RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement period should be extended to account for dropped PRS occasions being unavailable (e.g., due to overlap with SSB symbols). 
Details FFS.

In our understanding, the RAN1 specification is clear that the PRS symbols and SSB symbols cannot overlap. For serving TRP, this is captured in both TS 38.214 and TS 38.211:
Agreement:
The following text proposal for TS 38.211 is agreed.
--------------- Begin TP -------------------
7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a the same non-serving cell;

TS 38.214:
The UE assumes that for the serving cell the DL PRS is not mapped to any symbol that contains SS/PBCH. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS is not mapped to any symbol that contains the SS/PBCH block of the non-serving cell.


Moreover, the information of neighbour TRP SSB is provided in assistance data through NR-SSB-Config-r16. Therefore, no extension of measurement period is needed since PRS and SSB symbols cannot overlap.
Observation 2. Overlap of PRS and SSB symbols is not possible per RAN1 specification. Extension of measurement period to account for dropped PRS occasions due to overlap with SSB is unnecessary.
 Measurement accuracy
As supported by our simulation results in [6], the measurement accuracy requirements for PRS-RSTD should be based on one-shot measurement. Combining measurements across repetition windows, if available, to improve performance should be left to UE implementation. 
Proposal 13. PRS-RSTD measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition for reference and neighbor, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
 Side conditions
In [3], we presented the system-level simulation results for PRS SNR side conditions and proposed 0 dB SNR for PRS resource of reference cell and -10 dB SNR for PRS resource of neighbor cells in FR2. There were results from other companies that also agreed with our observations. For instance, in [4], several scenarios in FR2 were simulated all resulting in higher than 0 dB SNR for the first strongest cell and larger than -10 dB SNR for neighbor cells in case more than one neighbor cell with possibility of detection were found. In [5], link-level simulation results also show a noticeable difference between the two side conditions that were simulated. While reference cell SNR side condition of 0 or -3 dB will not make a material difference, the neighbor cell SNR side condition of -10 dB improves the results. As such, it is proposed to use -10 dB SNR for side condition of neighbor cell and -3 dB SNR for side condition of reference cell in FR2. 
Proposal 14. For FR2, the side condition for PRS SNR of reference cell to be -3 dB and the side condition for PRS SNR of neighbor cells to be -10 dB.
Conclusions
Proposal 1. Intra-frequency RSTD measurement is defined as when the neighbor DL PRS resource and the reference DL PRS resource belong to the same positioning frequency layer. Otherwise, the RSTD measurement is inter-frequency.
· Define intra-frequency RSTD requirements for the scenarios
· SCS and CP of the positioning frequency layer is the same as the active BWP of UE
· BW of positioning frequency layer is within the active BWP of the UE

Proposal 2. The relationship between LMF recommended value () and the UE selected value ( to be:

Where  is the positioning layer frequency layer index of all RSTD measurements of the same TRP pair. 
Proposal 3. In FR1,  
Observation 1. Minimum capabilities defined in RAN1 are more than sufficient to make DL-TDOA work in any scenario.
Proposal 4. RAN4 to not define a minimum value for number of RSTD measurements that UE shall be capable of reporting. 
Proposal 5. If the DL-PRS assistance data provides the UE with a number of DL-PRS resources beyond its capabilities, the UE assumes the DL-PRS resources in the assistance data are sorted in a decreasing order of priority. The UE is expected to measure and report the PRS resources according to its capability and the decreasing order of priority and meet the corresponding measurement requirements. 
Proposal 6. Ecat = 1 for RSTD per positioning session, which includes RSTD measurements and PRS-RSRP measurements (if configured with RSTD and supported by UE).
Proposal 7. RAN4 to define RSTD measurement period based on Type 2 PRS duration calculation. RSTD measurement period for Type 1 PRS duration calculation shall be no longer than Type 2. 
Proposal 8. If the time span of a DL PRS resource instance (i.e., the time duration spanned after repetition by DL-PRS-ResourceRepetitionFactor) ± its corresponding DL-PRS-expectedRSTD-uncertainty is greater , where  is the duration of DL PRS symbols in ms that UE is capable of processing, measurement requirements do not apply. 
Proposal 9. The RSTD measurement period is defined as:

Where 
·  is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE 
·  is number of DL PRS resources that UE can process in a slot, which is reported per SCS per band
· LPRS represents the span of a PRS occasion defined as the time from the first slot of the earliest PRS resource to the last slot of latest PRS resource based on Type 2 duration calculation
· is the number of configured PRS resources in a slot
·  is the periodicity of PRS
· MGP is the measurement gap period
Proposal 10. Measurement period to be based on maximum periodicity value; , among all configured DL PRS resources.
Proposal 11. UE sweeps its Rx beams within a PRS instance (occasion) if the number of repetitions, DL-PRS-ResourceRepetitionFactor, is larger than what is required to meet the accuracy requirements. If not, UE sweeps its Rx beams across PRS instances (occasions).

Proposal 12. Measurement periods adds up for each frequency layer that is configured to be measured, i.e., if measurement period for frequency layer  is, then total measurement period is 

Observation 2. Overlap of PRS and SSB symbols is not possible per RAN1 specification. Extension of measurement period to account for dropped PRS occasions due to overlap with SSB is unnecessary.
Proposal 13. PRS-RSTD measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition for reference and neighbor, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.
Proposal 14. For FR2, the side condition for PRS SNR of reference cell to be -3 dB and the side condition for PRS SNR of neighbor cells to be -10 dB.
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