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[bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
[bookmark: _Ref7792543][bookmark: _Ref7598514]In this contribution, we discuss the remaining issues to be addressed for DL-AOD positioning enhancements. 
Enhancements for improved DL-AoD positioning
Path PRS RSRP measurements for DL AoD 
 
Further clarification on the PRS RSRPP definition
In an LS to RAN1 (R1-2200905 / R4-2202780), the following was communicated by RAN4:

	The PRS-RSRPP can be reported in ways below  :
· RAN4 understands that PRS-RSRPP should be defined as the path RSRP per RE, in the same way PRS-RSRP is defined as power per RE. RAN4 respectfully asks RAN1 to confirm if this understanding is correct.

· PRS-RSRPP may be reported by reusing absolute and differential PRS-RSRP measurement report mapping tables in TS38.133 clause 10.1.24.3.1 and 10.1.24.3.2 respectively.

· When differential reporting is used, PRS-RSRPP is reported as the difference in dB with respect to a reference measurement. RAN4 understands that it is up to RAN1/2 to decide what reference measurement would be for the PRS-RSRPP differential reporting.
RAN4 concludes that these ways are possible to support PRS-RSRPP in Rel-17.




Regarding the first bullet in the LS, our understanding is that RSRP is defined as a linear average of the PRS power across all REs, which can also be obtained by a time average of the power across the PRS symbol in time. Similarly, the Path PRS RSRP is obtained by measuring the average power across all REs for a given path contribution, or by measuring the average power for a given path of the DL PRS in the time domain. 

[bookmark: _Toc95773467]Confirm RAN4’s understanding in the first bullet of R4-2202780, clarifying that the path RSRP is an average for all REs carrying PRS for a given path. 

The second and third bullets deals with the issue of whether the path RSRP measurement is normalized with PRS RSRP, which was also discussed by RAN1 during RAN1#107e.  We think that the measurement definition should be for the (absolute) path RSRP, however the question is whether the path RSRP or a normalized path RSRP should be reported.

For high accuracy DL-AOD estimation it is important that the  path RSRP can be compared between different DL PRS Resources. It is not possible to compare normalized PRS path RSRP for different PRS resources if the normalization factors are different and unknown. Consequently, if the path RSRP measurement is normalized, then 
i) either the normalization factor must be reported for each PRS Resource or 
ii) the normalization factor must be the same for all PRS Resources.
For i), when PRS RSRP is used as normalization factor then PRS RSRP must also be reported.

If absolute path PRS RSRP measurements are reported, then the numerical range and resolution of the information element must be large enough to cover a wide range of values. If instead the path PRS RSRP measurement is normalized, then a higher resolution can be obtained with the same number of bits.

[bookmark: _Toc95773468]Define the path DL PRS RSRP as the absolute power, without normalization.
[bookmark: _Toc95513019]If the reported path DL PRS RSRP is normalized by the DL PRS RSRP then a higher resolution can be obtained for the same number of bits.
[bookmark: _Toc95773469]In measurement reports, 
[bookmark: _Toc95773470]- The report includes differential path PRS RSRP and optionally DL PRS RSRP
[bookmark: _Toc95773471]- Differential DL PRS-RSRPP is reported as the difference in dB with respect to the reference measurement DL PRS RSRP 
[bookmark: _Toc95773472]- If DL PRS RSRP is not included in the report, the gNB assumes the latest available DL PRS RSRP for the same PRS resource was used as reference measurement.  

The latest version of 38.215 (version 17.0.0, 2021-12) proposes the introduction of measurement DL PRS reference signal received path power (DL PRS-RSRPP). The definition does not specify how DL PRS-RSRPP should be estimated, this should be up to implementation. However, we show one way to estimate it in Appendix A. Next, we give proposals on where this new measurement should be used.
The DL PRS-RSRPP of the first path should be included in NR DL-AoD Location Information alongside the DL PRS-RSRP measurement (see TS37.355 [4]). Observe that the new measurement should be included for all reported DL PRS Resources meaning that it has to be added to both NR-DL-AoD-MeasElement IE and the NR-DL-AoD-AdditionalMeasurementElement IE.

[bookmark: _Toc95773473]Include DL PRS-RSRPP of the first path in NR DL-AoD Location Information alongside the existing DL PRS-RSRP measurement. Specifically, add it to the NR-DL-AoD-MeasElement IE and the NR-DL-AoD-AdditionalMeasurementElement IE
[bookmark: _Toc95773474]Send an LS to RAN2 and RAN4 regarding the use of differential DL PRS RSRPP together with DL PRS RSRP
DL PRS RSRPP and Rx Diversity
During RAN1#107e, the issue of Rx diversity was discussed for PRS RSRPP definition.  The issue did not converge in time, but a similar discussion did converge for SRS-RSRPP.  Two options where agreed, depending on whether SRS-RSRP was reported.  We propose to endorse a similar definition for PRS RSRPP and Rx Diversity.  We note that additional path PRS RSRP measurements are not agreed for DL-AOD but can be reported for time-based methods. 

[bookmark: _Toc95773475]The following is added to the definition of DL PRS RSRPP:
[bookmark: _Toc95773476]For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP measurements: 
[bookmark: _Toc95773477]- The reported DL PRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for DL PRS-RSRP measurements, or 
[bookmark: _Toc95773478]- The reported DL PRS-RSRPP value for the first path shall not be lower than the corresponding DL PRS-RSRPP for the first path of any of the individual receiver branches and the reported DL PRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied DL PRS-RSRPP for the first path. 
DL-AoD Signalling of Path DL PRS-RSRP
Combining DL PRS-RSRPP with timing measurement
We note that since the UE will have to detect a path in order to measure its power, the UE will always have to perform a time of arrival measurement in order to perform a DL PRS-RSRPP measurement. Combining timing and DL PRS-RSRPP measurements is thus efficient from a complexity point of view. It’s also useful to verify that the first path as measured for different DL PRS resources correspond to the same path. A combination of power measurements, angular measurements and timing measurements can also be used for hybrid positioning.
We therefore propose that the DL PRS-RSRPP is reported together with an associated timing measurement of the corresponding path.
[bookmark: _Toc95773479]The DL PRS-RSRPP is reported together with an associated timing measurement of the corresponding path.


Prioritization of PRS for Adjacent beam reporting 
[bookmark: _Toc75790595][bookmark: _Toc75790596][bookmark: _Toc75790597][bookmark: _Toc75790598]  The following was agreed during RAN1#107e:

	Agreement 
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, for each PRS resource, a subset of PRS resources for the purpose of prioritization of DL-AOD reporting:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· UE may report PRS measurements only for the subset of PRS resources.
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information. 
· Note: Either case does not imply any restriction on UE measurement 
· FFS: prioritization of the PRS resources and resource subsets to be measured  




The remaining issue is the prioritization of the PRS resources and resources subsets to be measured.  We note that the UE already receives the assistance data and prioritize it according to the limits of its processing capabilities [2,3]:

	Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:

- Up to 64 NR-SelectedDL-PRS-IndexPerTRP of the frequency layer are sorted according to priority if nr-SelectedDL-PRS-IndexListPerFreq is provided, or up to 64 NR-DL-PRS-AssistanceDataPerTRP of the frequency layer are sorted according to priority otherwise; 
- Up to 2 DL-SelectedPRS-ResourceSetIndex per dl-PRS-ID of the frequency layer are sorted according to priority if dl-SelectedPRS-ResourceSetIndexList is provided, or up to 2 NR-DL-PRS-ResourceSet per dl-PRS-ID of the frequency layer are sorted according to priority otherwise.



 Based on the existing text, the UE can already prioritize the reported subset according the the assistance data priority.  For example, let’s assume the assistance data consists of 4 PRSs ID#1,2,3,4 in that order, and that PRS#1 subset consists of PRS#2 and #4. If the processing capability of the UE is limited to 3 PRS resources, PRS#4 is excluded both as a main measurement and a subset measurement. 

A new way to consider prioritization would be to consider the PRS and its associated subset together in order to establish the priority.  In the previous example, in that case PRS #1,#2 and #4 would be measured and #3 would be discarded. This would ensure that the PRSs with highest priority and its associated subset would be reported.  We note, however, that the LMF can achieve such prioritization by implementation by simply ordering the resources accordingly so that the desired subsets can be prioritized.  The same reasoning can be applied when 2-stage reporting is used.

[bookmark: _Toc95513020]The existing specification for prioritization of PRS can already handle prioritization of PRS resources and resource subsets. 
[bookmark: _Toc95773480](for conclusion) no further enhancements are required for prioritization of PRS reporting with associated subsets. 
 When estimating DL-AoD, the DL beam directions of reported PRS Resources are weighted based on the measured first path PRS RSRP or PRS RSRP. It is essential that the power measurements are done using the same UE Rx beam to avoid a biased estimate. 
[bookmark: _Toc95773481]Path PRS-RSRP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.
Conclusion
In the previous sections we made the following observations: 
Observation 1	If the reported path DL PRS RSRP is normalized by the DL PRS RSRP then a higher resolution can be obtained for the same number of bits.
Observation 2	The existing specification for prioritization of PRS can already handle prioritization of PRS resources and resource subsets.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm RAN4’s understanding in the first bullet of R4-2202780, clarifying that the path RSRP is an average for all REs carrying PRS for a given path.
Proposal 2	Define the path DL PRS RSRP as the absolute power, without normalization.
Proposal 3	In measurement reports,
- The report includes differential path PRS RSRP and optionally DL PRS RSRP
- Differential DL PRS-RSRPP is reported as the difference in dB with respect to the reference measurement DL PRS RSRP
- If DL PRS RSRP is not included in the report, the gNB assumes the latest available DL PRS RSRP for the same PRS resource was used as reference measurement.
Proposal 4	Include DL PRS-RSRPP of the first path in NR DL-AoD Location Information alongside the existing DL PRS-RSRP measurement. Specifically, add it to the NR-DL-AoD-MeasElement IE and the NR-DL-AoD-AdditionalMeasurementElement IE
Proposal 5	Send an LS to RAN2 and RAN4 regarding the use of differential DL PRS RSRPP together with DL PRS RSRP
Proposal 6	The following is added to the definition of DL PRS RSRPP:
For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP measurements:
- The reported DL PRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for DL PRS-RSRP measurements, or
- The reported DL PRS-RSRPP value for the first path shall not be lower than the corresponding DL PRS-RSRPP for the first path of any of the individual receiver branches and the reported DL PRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied DL PRS-RSRPP for the first path.
Proposal 7	The DL PRS-RSRPP is reported together with an associated timing measurement of the corresponding path.
Proposal 8	(for conclusion) no further enhancements are required for prioritization of PRS reporting with associated subsets.
Proposal 9	Path PRS-RSRP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.
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 Procedure to Estimate DL PRS-RSRPP
Let  be the received symbol in subcarrier k correlated with the known transmitted symbol.  may be viewed as consisting of one contribution  coming from a path with delay  plus a contribution  containing contributions from other paths, interference, and noise

where  has the form 

The DL PRS reference signal received power per path (DL PRS-RSRP-PP) for the path with delay  is according to the proposed definition

where  is the DL PRS start subcarrier and  is the number of DL PRS subcarriers. In practice we can’t do this calculation since each received subcarrier symbol  contains contributions also from other paths, interference, and noise. However, taking the invers DFT we get

We note that at the peak

Thus, we can calculate DL PRS reference signal received power per path (DL PRS-RSRP-PP) as

i.e. based on the peak amplitude in the power delay profile. Here the contribution from other paths, interference and noise will be strongly suppressed and we achieve a good estimate of . The values and  are preferably found using some interpolation method. In practice there may be multiple peaks within two nyqvist samples. There is no way to resolve such peaks and we believe above definition is the best we can do.

