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[bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
The WID for the study item on NR positioning enhancement Invalid source specified. states that the study should 
“Specify the procedure, measurements, reporting, and signaling for improving the accuracy of [RAN1] DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.”
Release 17 should support positioning in commercial and industrial internet of things (IIOT) scenarios. The use cases for positioning in IIOT scenarios have very different requirements for positioning accuracy, some with very demanding requirements. In this contribution, we present candidate DL-AoD positioning enhancements which would help in overcoming challenges and meet the release 17 requirements.
[bookmark: _Ref7792543][bookmark: _Ref7598514]Enhancements for improved DL-AoD positioning
Per path measurements for DL AoD 
During RAN1#105e, the measurement and reporting of the PRS RSRP of the first path was agreed. 

	Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path




What remains to be agreed is a definition for the first path RSRP, and whether additional per path measurements should also be included. 
Definition of path RSRP
Positioning using DL-AoD is first and foremost meaningful when there is LOS conditions between a UE and a BS. Then, the first path corresponds to the LOS path. Rel. 16 DL-AOD is based on the DL PRS RSRP measurement which is defined in 38.215 as follows:

	------------- Section 5.1.28 in 38.215
DL PRS reference signal received power (DL PRS-RSRP)

	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED



------------- End section 5.1.28 in 38.215





A problem with the DL PRS-RSRP definition is that the total power of all propagation paths is included and not only the power of the LOS path (assuming LOS conditions). Although the LOS path is normally the strongest and accounting for the bulk of the DL PRS-RSRP power, NLOS paths do create disturbances that reduce the accuracy of the DL-AoD estimate.  Even larger errors in the DL-AoD estimation can be expected if there is an NLOS path that is stronger than the LOS path. This can happen for several reasons: the LOS path may be attenuated from the penetration of e.g. a wall or the hand or body of the device user, the TRP can have different transmission power in different directions or the UE can have different receive gains in different direction.

[bookmark: _Toc79154639]The DL PRS RSRP includes the total received signal energy from all propagation paths.
[bookmark: _Toc79154640]The fact that DL PRS RSRP includes the total received signal power from all propagation paths and not only the power of the first path results in reduced accuracy if it is used to estimate the DL AoD of the first path.

To handle this problem RAN1 agreed in RAN1#105e on measurement and  reporting of  PRS RSRP for the first path. We propose to introduce a measurement for the RSRP of a channel path according to the following definition:
	Definition
	DL PRS reference signal received power per path (DL PRS-RSRP-PP), is defined as the linear average over the power contributions from the channel path (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.
For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.



To make this a bit more concrete we show one way to estimate the . 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 simply

where a 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. To define the peak power as the sum of the power within a window in the time-domain around the identified peak will potentially include the power from even more peaks and will also become more sensitive to noise and interference. Also, the relation to the contribution of the path to DL PRS-RSRP is unclear.
In order to save signaling bits, DL PRS-RSRP-PP could be signaled relative to the DL PRS-RSRP. This can, however, be left for RAN2 to decide.
The DL PRS-RSRP-PP of the first path should be included in NR DL-AoD Location Information alongside the DL PRS-RSRP measurement (see TS37.355 [4]). 
[bookmark: _Toc79154649]Include DL PRS-RSRP-PP of the first path in NR DL-AoD Location Information alongside the existing DL PRS-RSRP measurement.
DL PRS-RSRP is also present in the LPP signals NR DL-TDOA Location Information and NR Multi-RTT Location Information. Also in these signals, the first path DL PRS-RSRP-PP should be included alongside the existing DL PRS-RSRP measurement.
[bookmark: _Toc79154650]Include DL PRS-RSRP-PP of the first path in the NR DL-TDOA Location Information and in NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
Combining DL PRS-RSRP-PP 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-RSRP-PP measurement. Combining timing and DL PRS-RSRP-PP 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/angular and timing measurements can also be used for hybrid positioning.
We therefore propose that the DL PRS-RSRP-PP is reported together with an associated timing measurement of the corresponding path.
[bookmark: _Toc79154651]The DL PRS-RSRP-PP is reported together with an associated timing measurement of the corresponding path.
DL PRS-RSRP-PP for additional paths
By measuring DL PRS-RSRP-PP for multiple paths, the DL AOD can be estimated for each path. This can be useful for positioning using fingerprinting/ML/raytracing based methods.
[bookmark: _Toc79154652]Include additional paths in the DL-AOD measurement report. For each additional path the DL PRS-RSRP-PP and the associated timing measurement should be reported.
	
Evaluation of Enhanced DL-AoD accuracy by Interpolation
The DL AOD accuracy can be improved by interpolation between neighboring beams (i.e. neighboring DL PRS resources) from the same TRP. As an example, consider a horizontal unilateral antenna array. Let A, B and C be adjacent beams with the horizontal beam directions φA, φB resp. φC, see Figure 1. Assume that the UE measures the highest first path DL PRS-RSRP-PP for beam B and that the first path DL PRS-RSRP-PP of C is greater than that of A. Then it can be concluded that the horizontal DL AOD is somewhere between φB and φC. Moreover, with more precise knowledge of the beam radiation patterns, interpolation can be done to estimate DL AOD more exactly within the interval [φB, φC].
[image: ]
[bookmark: _Ref62490355]Figure 1: Interpolation can be done for higher DL AOD accuracy.
More generally, a DL PRS Resource has neighbors in both the zenith and azimuth dimensions. As an example, in Figure 2 the DL PRS Resource B has neighbors {A,C} and {D,E} in azimuth resp. zenith dimensions. The DL-AOD of the UE in azimuth dimension can be obtained from interpolation between B (the strongest DL PRS Resource) and C (its strongest azimuth neighbor), while the DL-AOD of the UE in zenith dimension can be obtained from interpolation of the beams B and E.
[image: ]
Figure 2: DL beams can have neighbors in 2 dimensions and interpolation can be done in each dimension.

[bookmark: _Toc79154641]The beam associated with a DL PRS Resource can have neighbors in two dimensions. 
[bookmark: _Toc79154642]The DL-AoD of a UE can be estimated by interpolation in each dimension. This requires first path DL PRS-RSRP-PP for a minimum of 3 different DL PRS Resources.
The DL-AoD estimation results presented in this section are obtained with interpolation between adjacent DFT beams in both the azimuth and zenith dimensions according to the following procedure:

Inputs: 
· Beam directions for two adjacent beams and a model for the antenna pattern. For instance, the simplified antenna pattern of Example 3 in TR 38.901 scaled by the beamwidth can be used.
· The first path RSRP-PP measurements of the DL PRS Resources associated with the two beams, call them a1 and a2.
Algorithm:
1. From the antenna pattern model and the beam directions, derive an expression for the expected quotient a2/a1 as a function of the DL-AoD in the range between the beam-centre directions.
2. Compare with the measured quotient a2/a1. Estimate DL-AoD as the direction where the model fits the measurements.

The results presented in Figure 3 were obtained under the following simulation conditions:
· One single TRP has 2x8 antenna elements. A codebook for DFT beams with oversampling factor 2 is used, resulting in 4x16 beams covering the sector with azimuth range  degrees and zenith range  degrees. The angles between azimuth neighbor beams are between 6.25 and 11.76 degrees. The angles between zenith neighbor beams are between 14.36 and 14.84 degrees.
· The carrier frequency is 3.5 GHz and the bandwidth is 100 MHz. 
· Urban micro street canyon channel model is used.
· UEs are deployed in the coverage area of the sector at ranges 50-250 meters.

In Figure 33 we compare the accuracy of the interpolation method compared to just estimating the DL-AoD as the center-direction of the beam with highest first path RSRP-PP. The accuracy of the later method is limited by how close the beams are to each other. Under LOS conditions, interpolation using the first path RSRP-PP measurements gives an accuracy which is significantly improved. The fact that the zenith errors are not so large is because the zenith range of the sector is small.
We also give results under NLOS conditions, giving the directional errors compared to the LOS direction. Here, the error is dominated by the fact that the first path is not directed in the LOS direction and thus the impact of interpolation is small. One could, alternatively look at the error relative to the actual DL-AOD of the first NLOS path. In such a comparison one would expect the improvement from interpolation to be similar to the LOS case. Such a comparison would be relevant for positioning methods based on e.g. fingerprinting or ray-tracing.
 [image: ]  [image: ]
[bookmark: _Ref71265691]Figure 3: DL-AOD estimation error with interpolation resp. strongest beam direction. TOP: LOS conditions. BOTTOM: NLOS conditions. Note that for the NLOS case, the errors are here defined relative to the DL-AOD of the LOS direction and not relative to the DL-AOD of the first NLOS path. The “strongest beam: zenith” curves have a clear breakpoint at 5.3 degrees. With the simulated deployment all UEs have a zenith angle between 91.9 and 99.6 degrees. As there are beams with zenith angle 97.2, the maximal distance between a UE zenith angle and beam zenith angle is 97.2-91.9 = 5.3 degrees.

[bookmark: _Toc79154643]The DL-AoD estimation accuracy can be significantly improved by interpolation between adjacent beams. 
Beam and antenna information signalling
For each beam associated with a PRS Resource, the LMF should be provided assistance data that enables interpolation. During RAN1#104bis-e, it was agreed to support signaling for providing the beam /antenna information from the gNB to the LMF

	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.




The agreement was further refined in RAN1#105e:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP)intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD




Options 1 and 2 are problematic for several reasons: 
· They assume that the gNB knows the beam shape (for option 2) and the antenna configuration details such as antenna spacing dh and dv (for option 1). This is not generally correct as the gNB normally deals with antenna ports and has no assumed knowledge of the antenna details below the port level. For example, precoders from codebook-based CIS feedback are applied at the port level. 
· 3GPP specification are written to be intentionally agnostic to the gNB implementation below port level. 
· dh and dv are not well defined, beams can be transmitted at different levels of antenna virtualizations. 
· Specification does not force the gNB to have a regular grid for antenna elements. 
· PRS was agreed to be single port in release 16. The number of ports was discussed in the SI of release 17, therefore the gNB does not have to follow any predefined structure to beamform PRS.  It is very likely that different vendors have very different PRS beam implementation, hence structuring the antenna configuration to have it reported in details to the LMF will un-necessarily limit the flexibility of implementation of PRS. 
Instead of Option 1 or Option 2 we propose that beam information should be provided as assistance data to the LMF over O&M. This can be done without specification impact. Consequently, the exact characteristics of the assistance data does not need to be specified. (That is, if it should consist of beam direction and beam width or more detailed information.) For UE based, the information can be formwarded by the LMF to the UE. In our view, option 2 should be the basis for the information forwarded to the UE by the LMF. 
[bookmark: _Toc75790595][bookmark: _Toc75790596][bookmark: _Toc75790597][bookmark: _Toc75790598][bookmark: _Toc79154653]The LMF should be provided information of beams associated with PRS Resources over O&M. This can be done without specification impact.
[bookmark: _Toc79154654]For UE based, the LMF can forward the information of beams associated with PRS resource in the form of a mapping of angle and beams gains for each of the PRS resources (option 2). 
Reporting of adjacent beams
For UE-Assisted DL-AoD positioning, to enable interpolation between adjacent beams one option is that the network requests the UE to report the DL PRS-RSRP and DL PRS-RSRP-PP for a specified set of neighbor DL-PRS Resources. The other option is that the UE itself decides what DL PRS-Resources it should report for, according to some selection procedure. To do that, the network must first provide the UE information about what beams that are adjacent to each other, i.e. the beam structure. 
Four options (with other options not precluded) were agreed last meeting to facilitate downselection:
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  




We support Option 1. Below we comment the different options. 

[bookmark: _Toc79154655]For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting: the LMF explicitly identify adjacent beams in the assistance data (AD). (Option 1 in the agreement at RAN1#105e)
Comments on Option 1:
Option 1 can be implemented with small overhead in the following ways:
· For each DL PRS Resource, one list with the DL PRS Resource IDs of its azimuth neighbors and another list with its zenith neighbors. 
· For each DL PRS resource, a list with the DL PRS Resource IDs of all its neighbors (dimension is not specified).
[bookmark: _Toc79154644]A 2D beam structure can be represented with, for each DL PRS Resource, one list of azimuth neighbors and another list of zenith neighbors.
[bookmark: _Toc79154645]It can be enough to only provide the beam structure information in terms of general neighbors and not specify the dimensions.
In line with Option 1, we propose the following:
[bookmark: _Toc79154656]The ordering of the beams in two dimensions is supplied to the UE as assistance information in one of the following formats:
(1) For each DL PRS Resource, one list of neighbors in dimension 1 and another list of neighbors in dimension 2.
(2) For each DL PRS Resource, one list of general neighbors.

Comments on Option 2:
Option 2 can be efficient with small overhead when the beams have a regular ordering in one or two dimensions as in Figure 4. Each DL PRS Resource can be associated an identity number which can be mapped to a specific position in the beam structure. For instance, it can be used
,
,
where N is the number of beams per row, see Figure 4. However, option 2 will limit the implementation/design flexibility for beams. As an example, consider the beam structure in Figure 5. This structure cannot encoded with Option 2.
[image: ]
Figure 4: A regularly ordered 2D beam structure.
 [image: ] 
Figure 5: The beam structure assistance data must be able to describe flexible and irregular beam patterns. Beam 11 has multiple neighbors in zenith dimension

[bookmark: _Toc79154646]Option 2 limits the implementation/design flexibility for beams.

Comments on Option 3:
For UE assisted DL-AoD positioning with enhanced accuracy by e.g. interpolation the UE need to report the first path RSRP-PP for the strongest beam and some of its neighbors. Hence, it is the beam neighbor information that the UE must know and not the beam center directions. This is one reason why we think Option 1 is better than Option 3. One could then argue that the UE can deduce the beam structure from the beam center directions, but this is not always true. Consider Figure 6, this figure corresponds to the same beam structure as Figure 5 but only the beam center directions are shown. From Figure 6 it is not obvious if beams 15 and 12 should be considered neighbors. What beams that should be considered neighbors must be decided by LMF since it is LMF that implements the interpolation function (or some other DL-AoD estimator).
[bookmark: _Toc79154647]It is not always possible to deduce the beam structure from the beam center directions. What beams that should be considered neighbors must be decided by LMF since it is LMF that implements the DL-AoD estimator.

[image: ]
Figure 6: Beam center directions, the beams correspond to those in Figure 5.

Comments on Option 4:
As we interpret this option, a number of signaling steps are needed:
1. The UE must first report for the strongest (i.e. highest first path RSRP-PP) DL PRS Resource/beam to LMF, 
2. LMF should signal to the UE what additional DL PRS Resources that the UE should report for,
3. The UE reports for the additional DL PRS resources.
Such procedure would add significantly to the latency and signaling overhead for DL-AoD positioning. However, Step 2 can be done in advance: For each DL PRS Resource i=1,…n, LMF signal in advance what additional DL PRS Resources that should be reported for if i is the strongest DL PRS Resource. But this is really what Option 1 suggests. 

DL- PRS Resource selection
We propose that the UE should report the DL PRS-RSRP-PP measurement for the DL PRS Resource with highest first path DL PRS-RSRP-PP and all its neighbors (both azimuth and zenith neigbors, or general neigbors). This will enable LMF to perform interpolation in both azimuth and zenith dimensions to estimate the DL-AoD of the first path (which can be a LOS-path).
[bookmark: _Toc79154657]The UE should report the DL PRS-RSRP-PP measurement for the DL PRS Resource with the highest first path DL PRS-RSRP-PP measurement and all its neighbors.
We recognize that Proposal 7 in most cases means that 5 DL PRS Resources are reported for: the strongest resource, two azimuth neighbors and two zenith neighbors. This can be compared with Observation 4, that DL PRS-RSRP-PP must be reported for at least three DL PRS Resources to enable interpolation in 2D. Hence, there can exist more efficient criteria for the UE to select DL PRS Resources with less overhead. Below, we outline two different procedures to select the three most informative DL PRS Resources for interpolation. Our opinion is however that Proposal 6 is simpler and more suitable for standardization.
When interpolating between neighbor DL beams to estimate DL-AoD, the DL beam directions are weighted based on the first path RSRP-PP measurements of the DL PRS Resources. It is essential that the measurements are done using the same UE Rx beam to avoid a biased estimate. 
[bookmark: _Toc79154658]First path DL PRS-RSRP-PP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.
Note that DL PRS-RSRP-PP could be measured not only for the first path but for multiple paths. This could be useful e.g. for finger printing or ray-tracing based positioning methods. In such a case, different UE RX beams may be used for the DL PRS-RSRP-PP measurement for each path. However, For a given path, the same UE RX beam should be used for the DL PRS-RSRP-PP measurement both for the strongest DL PRS Resource and for the adjacent DL PRS Resources.
Procedure to select the three most informative DL PRS Resources when the beam structure information is specified separately for each dimension:
1. Select the DL PRS Resource corresponding to the highest measured first path RSRP-PP. We call this the strongest resource.
2. Select the DL PRS Resource with the highest first path RSRP-PP measurement among the DL PRS Resources which are neighbors to the strongest resource in azimuth dimension. We call this the strongest azimuth neighbor.
3. Select the DL PRS Resource with the highest first path RSRP-PP measurement among the DL PRS Resources which are neighbors to the strongest resource in zenith dimension. We call this the strongest zenith neighbor resource.
For the special case that the strongest resource only has neighbors in the azimuth dimension or only in the zenith dimension, then step 3 resp. step 2 should be ignored.
Procedure to select the three informative DL PRS Resources when the beam structure is given as general neighbors:
1. Select the DL PRS Resource with the highest first path RSRP-PP measurement. We call this the strongest resource.
2. Select the DL PRS Resource with the highest first path RSRP-PP measurement among the DL PRS Resources which are general neighbors of the strongest resource. We call this the first neighbor resource. 
3. Select the DL PRS Resource with the highest first path RSRP-PP measurement among the DL PRS Resources which are general neighbors of both the strongest resource and the first neighbor resource. We call this the second neighbor resource.
 Applied to the example in  this procedure gives the following result:
1. DL PRS Resource E is the strongest resource.
2. The neighbor resources of E is given by the set {A,B,D,F,H,I}. Among those, F is measured with highest first path RSRP-PP and becomes the first neighbor.
3. The neighbor resources of both E and F is given by the set {A,B,D,F,H,I}  {B,C,E,G,I,J} = {B,I}. Among those, B is measured with highest first path RSRP-PP and becomes the second neighbor.

[image: ]
Figure 7: The beam-directions associated to resources are not ordered in a rectangular grid.
By construction, the direction coordinates of the strongest resource and the first and second neighbor resources cannot lie on a line in the 2D direction space. Consequently, they can be used for interpolation in two dimensions.
Expected DL AoD and uncertainty 
The following was agreed during RAN1#104e-bis:
	Agreement:
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
[bookmark: _Toc71617464]Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· [bookmark: _Toc71617465]Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· [bookmark: _Toc71617466]FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods



In general, the best DL-AOD (angle of departure: both azimuth and zenith) measurements can be obtained if the UE does not restrict its measurements to DL PRS Resources on beams within a certain range given by an expected DL-AOD value and uncertainty since there is a risk is that informative measurements of DL PRS Resources outside the range will be missed. This concern is perhaps not very motivated when the objective is to estimate only the direction of the LOS path. However, we envision that rich reporting of DL-AOD for multipath propagation can improve positioning accuracy in future releases, and here we see a risk that additional paths are missed if we introduce an indication of expected DL-AoD value and uncertainty, depending on how this indication is used by the UE. Consequently, we support Option 3. 
Regardless, since the beam directions are unknown to the UE we think that the benefits of Options 1 are limited. A better alternative is then to instead indicate a list of DL PRS Resources to the UE. Typically, this would be the set of PRS Resources associated with beams that are within the DL-AOD uncertainty region.
[bookmark: _Toc79154659]LMF can optionally signal to the UE an indication that consist of a list of IDs of DL PRS Resources associated to beams that are within a DL-AOD uncertainty region.
This solution has also the advantage that the list can include beams that are not neighbors. This can be useful if the DL-AoD uncertainty is multimodal: Consider Figure 8 showing a 1D example with a sequence of beams in azimuth dimension. Assume that the LMF has approximated the DL-AoD probability density function for a UE, the red curve. Since the pdf is multimodal, only signaling a single expected  DL-AoD and  uncertainty according to Option 1 can only capture the increased DL-AoD probability of one mode. The problem can be overcome by letting LMF indicate several disjoint uncertainty regions or a list of DL PRS Resources as with Proposal 10.
[bookmark: _Toc75790574][bookmark: _Toc75790588][bookmark: _Toc79154648]Option 1 and Option 2 can indicate misleading uncertainty regions when the DL-AoD (Option 1) resp. DL-AoA (Option 2) probability density functions are multimodal.
 
[image: ]
Figure 8: Multimodal DL-AoD pdf. Option 1 and Option 2 can be misleading. If LMF indicates the uncertainty region according to Proposal 10, then this is not a problem.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The DL PRS RSRP includes the total received signal energy from all propagation paths.
Observation 2	The fact that DL PRS RSRP includes the total received signal power from all propagation paths and not only the power of the first path results in reduced accuracy if it is used to estimate the DL AoD of the first path.
Observation 3	The beam associated with a DL PRS Resource can have neighbors in two dimensions.
Observation 4	The DL-AoD of a UE can be estimated by interpolation in each dimension. This requires first path DL PRS-RSRP-PP for a minimum of 3 different DL PRS Resources.
Observation 5	The DL-AoD estimation accuracy can be significantly improved by interpolation between adjacent beams.
Observation 6	A 2D beam structure can be represented with, for each DL PRS Resource, one list of azimuth neighbors and another list of zenith neighbors.
Observation 7	It can be enough to only provide the beam structure information in terms of general neighbors and not specify the dimensions.
Observation 8	Option 2 limits the implementation/design flexibility for beams.
Observation 9	It is not always possible to deduce the beam structure from the beam center directions. What beams that should be considered neighbors must be decided by LMF since it is LMF that implements the DL-AoD estimator.
Observation 10	Option 1 and Option 2 can indicate misleading uncertainty regions when the DL-AoD (Option 1) resp. DL-AoA (Option 2) probability density functions are multimodal.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Include DL PRS-RSRP-PP of the first path in NR DL-AoD Location Information alongside the existing DL PRS-RSRP measurement.
Proposal 2	Include DL PRS-RSRP-PP of the first path in the NR DL-TDOA Location Information and in NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
Proposal 3	The DL PRS-RSRP-PP is reported together with an associated timing measurement of the corresponding path.
Proposal 4	Include additional paths in the DL-AOD measurement report. For each additional path the DL PRS-RSRP-PP and the associated timing measurement should be reported.
Proposal 5	The LMF should be provided information of beams associated with PRS Resources over O&M. This can be done without specification impact.
Proposal 6	For UE based, the LMF can forward the information of beams associated with PRS resource in the form of a mapping of angle and beams gains for each of the PRS resources (option 2).
Proposal 7	For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting: the LMF explicitly identify adjacent beams in the assistance data (AD). (Option 1 in the agreement at RAN1#105e)
Proposal 8	The ordering of the beams in two dimensions is supplied to the UE as assistance information in one of the following formats: (1) For each DL PRS Resource, one list of neighbors in dimension 1 and another list of neighbors in dimension 2. (2) For each DL PRS Resource, one list of general neighbors.
Proposal 9	The UE should report the DL PRS-RSRP-PP measurement for the DL PRS Resource with the highest first path DL PRS-RSRP-PP measurement and all its neighbors.
Proposal 10	First path DL PRS-RSRP-PP measurements of adjacent DL PRS Resources that the UE reports should be performed using the same Rx-beam.
Proposal 11	LMF can optionally signal to the UE an indication that consist of a list of IDs of DL PRS Resources associated to beams that are within a DL-AOD uncertainty region.
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