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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
The WID for the study item on NR positioning enhancement [1] 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.
2 [bookmark: _Ref7792543][bookmark: _Ref7598514]Enhancements for improved DL-AoD positioning
2.1 First path DL AoD
The following was agreed during RAN1#104e:
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.



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
The problem with this definition is that the total power of all propagation paths is included and not only the power of the LOS path. Although the LOS path is normally the strongest path and accounting for the bulk of the DL PRS-RSRP power, clearly NLOS paths do create disturbances that reduce the accuracy of the DL AOD estimate. As an example we may look at the InF model. For the InF model the power of the LOS ray relative to the combined power of the NLOS rays is given by the Ricean K-factor which is normally distributed in log scale with mu=7dB and sigma=8dB. This means that there is a probability of 16% that the Ricean K-factor is minus 1dB or smaller, i.e. quite often the combined power of the NLOS rays is larger than that of the LOS ray. The angle of departure spread of the NLOS rays is given by a combination of the cluster ASD of 5 degrees of the individual rays within a cluster and the AOD spread of the clusters. The AOD spread of the clusters is lognormally spread with mu=1.56 and sigma=0.25. Here, one should remember that the lognormal distribution has a large tail. Clearly, one should expect a significant degradation in DL AoD performance if the power of the NLOS paths are included in the RSRP measurement used for AoD estimation.
Table 1 AOD related parameters for the InF model as given in TR 38.901
	Scenarios
	InF

	
	LOS
	NLOS

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.56
	1.57

	
	lgASD
	0.25
	0.2

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	8
	N/A

	Cluster ASD () in [deg]
	5
	5



One may also consider the simple geometry of a ceiling mounted BS and a UE at a certain height above the floor, as illustrated in Figure 1. In this scenario the angle between the LOS path and the NLOS path from a floor reflection is given as

As an example, with a BS height  of 10m, a UE height  of 1.5m and a horizontal distance  of 3m we get an AOD difference  of 5 degrees. Again, we see that a significant degradation in DL AoD performance can be expected if the power of the NLOS paths are included in the RSRP measurement used for AoD estimation.
[image: ]
[bookmark: _Ref61882913]Figure 1 Geometry of a ceiling mounted BS and a UE at a certain height above the floor
Even larger errors in the DL AoD estimation can be expected if there is an NLOS path which 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 direction or the UE can have different receive gains in different direction.
[bookmark: _Toc68618990]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. This means that the DL PRS RSRP includes the total received signal energy from all propagation paths.
[bookmark: _Toc68618991]The fact that DL PRS RSRP is defined to include the total received signal power from all propagation paths and not only the power of the first path result in reduced accuracy of the DL AoD estimate.
To handle this problem the power needs to be measured and reported for the LOS path alone. More generally, for the power of any path we propose to:
[bookmark: _Ref61589221][bookmark: _Toc68089916][bookmark: _Hlk66799246]Define a DL PRS peak-RSRP measurement for the power of a specific peak in the channel impulse response of a received DL-PRS resource.
In Figures 2, 3 and 4 we show simulation results in support of using peak-RSRP instead of RSRP for AoD estimation. In the simulations, a TRP performs horizontal beam sweeping with DL-PRS-Resources and UEs measure both the first peak-RSRP and RSRP. The TRP has 16 antenna elements in one row and a codebook is used for 32 horizontal FFT beams (oversampling factor 2) covering a sector of 120 degrees. As a result, the angles between neighboring beams are between 3.1 and 5.3 degrees. The Urban Micro channel model (see TR 38.901 [2]) is used, the carrier frequency is 3.5 GHz and the bandwidth is 100 MHz. For the UEs we assume an antenna which is not omnidirectional in order to model the fact that the LOS path is not always the strongest path.
For one specific UE the peak-RSRP and RSRP measurements of the 32 DL PRS Resources can look as in Figure 2. The actual direction towards the UE is -34.86° azimuth and the beam with direction -34.63° is closest to it. The first peak-RSRP of the DL PRS Resource associated with the closest beam is greater than for any other beam, but the greatest RSRP is instead measured for the DL PRS Resources associated to the beam with direction -57.03°. In this direction there is a NLOS path with higher gain than the LOS path.
Hence, if DL-AOD is estimated as the direction of the beam with greatest first peak-RSRP measurement, then the error is 0.23°. If instead DL-AOD is estimated as the direction of the beam with greatest RSRP, then the error is 22.40°.
[image: ]
Figure 2: First peak-RSRP and RSRP measurements of 32 DL PRS Resources (beams) from one UE. The direction towards the UE is -34.86°. The RSRP of DL PRS Resources in other directions is high because of NLOS paths.
Figures 3 and 4 shows DL-AOD estimation error CDFs from simulations with 250 randomly deployed UEs. The DL-AOD is taken as either the direction of the beam with highest first peak-RSRP or the direction of the beam with the highest RSRP. The accuracy is clearly better when first peak-RSRP is used for UEs in LOS, this method is more robust to cases where the LOS path is not the strongest path. In NLOS conditions the accuracy is equally bad for both methods.
[image: ]
Figure 3: DL-AoD estimation error CDFs when using either first peak-RSRP or RSRP, 200 UEs in LOS. 
[image: ]
Figure 4: DL-AoD estimation error CDFs when using either first peak-RSRP or RSRP, 200 UEs in NLOS. 

[bookmark: _Toc68618992]The DL PRS peak-RSRP of the first path is more robust to cases where the LOS path is not the strongest path.
[bookmark: _Toc68618993]DL-AoD estimation accuracy is significantly worse in NLOS conditions than in LOS conditions.
The new DL PRS peak-RSRP should be included in the NR DL-AoD Location Information and in the NR DL-AoD Location Information Request alongside the old DL PRS RSTD measurement (see TS37.355 [4]). 
[bookmark: _Toc68089917]Include the DL PRS peak-RSRP in the NR DL-AoD Location Information alongside the existing DL PRS RSRP measurement.
[bookmark: _Toc68089918]DL PRS-RSRP is also present in the signal measurement reports in LPP for DL-TDOA and multi RTT. Also here, the DL PRS peak-RSRP should be included alongside the existing DL PRS RSRP measurement.Include the DL PRS peak-RSRP in the NR DL-TDOA and in the NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
We note that since the UE will have to detect a peak in order to measure its power, the UE will always have to perform a time of arrival measurement in order to perform a peak RSRP measurement. Combining timing and peak-RSRP measurements is thus efficient from a UE-complexity point of view. It’s also useful for hybrid positioning based on a combination of timing and peak-RSRP measurements.
[bookmark: _Toc68089919]Include the DL PRS peak-RSRP in the NR DL-TDOA and multi RTT Location Information alongside the existing DL PRS RSTD measurement.
2.2 Multi path DL AOD
[bookmark: _Hlk60761417][bookmark: _Hlk60761535]Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Especially in controlled environments like industry halls can ray tracing and/or machine learning algorithms utilize such information for positioning purposes. We therefore propose that the power and the corresponding DL PRS resource ID is reported also for the additional paths in the RSTD and UE Rx-Tx time difference measurements. Since additional paths are more useful for such purposes the stronger they are, we propose that the UE should report the strongest detected paths as additional paths. The first path is, of course, always reported as the main path.
[bookmark: _Toc68618994]Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Ray tracing and/or machine learning algorithms can utilize such information for positioning purposes, especially in controlled environments like industry.
[bookmark: _Toc68089920]The UE shall report the DL PRS Peak-RSRP and the corresponding DL PRS Resource ID for each additional path in the RSTD and UE Rx-Tx time difference measurements.
[bookmark: _Toc68089921]The UE shall report the strongest detected paths as additional paths (i.e. in addition to the first path).
2.3 Reporting adjacent DL-PRS Resources 
The following was agreed during RAN1#104e:
	Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources  
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
 
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17

Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be  reported for a given PRS resource. 
· FFS: value for N. 




In the following subsections we first describe how the DL-AoD accuracy can be improved if the UE measures and reports additional, adjacent DL PRS resources. Following that, we propose solutions for enhanced assistance data to the UE and how the most informative DL-PRS Resources can be identified.
Interpolation for increased DL-AoD accuracy
Here we describe interpolation based on DL PRS RSRP as defined in NR Rel. 16. Interpolation can however also be done based on the proposed DL PRS peak-RSRP of the first peak.
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 5. Assume that the UE measures the highest DL PRS RSRP for beam B and that the DL PRS RSRP 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 how the received power of the beams decrease with the distance |DL AOD – φi|, i ∊ {B, C}, interpolation can be done to estimate DL AOD more exactly within the interval [φB, φC].
[image: ]
[bookmark: _Ref62490355]Figure 5: Interpolation can be done for higher DL AOD accuracy.
More generally, a direction in a 3D space has two dimensions. We often use zenith and azimuth angles to describe directions, but other parametrizations exist. Hence, a DL PRS Resource can have neighbors in two different dimensions. As an example, in Figure 6 DL PRS Resource B has neighbors {A,C} and {D,E} in dimension 1 resp. dimension 2. The DL-AOD of the UE in dimension 1 can be obtained from interpolation between B (the strongest DL PRS Resource) and C (its strongest neighbor in dimension 1), while the DL-AOD of the UE in dimension 2 can be obtained from interpolation of the beams B and E.
[image: ]
Figure 6: DL beams can have neighbors in 2 dimensions and interpolation can be done separately in each dimension.

[bookmark: _Toc68618995]The beam associated with a DL PRS Resource can have neighbours in two dimensions. 
[bookmark: _Toc68618996]The DL-AoD of a UE can be estimated by interpolation in each dimension. This requires a minimum of 3 RSRP/peak-RSRP measurements from DL PRS Resources.
When interpolating between neighbour DL beams to estimate DL-AoD, the DL beam directions are weighted based on the RSRP/peak-RSRP measurements of the DL PRS Resources. To avoid a biased estimate, it is essential that the measurements are done using the same UE Rx beam. 
[bookmark: _Toc68089922]RSRP/peak-RSRP measurements for adjacent DL PRS Resources that the UE reports should be done using the same Rx-beam.
It can however be motivated to use different Rx-beams to measure the RSRP/peak-RSRP of different DL-PRS Resources (DL beams). Take for instance the case of multi-path DL AoD where the objective is to determine not only the DL AoD of the LOS path but also for additional paths. The DL AoA of these additional paths are likely different than that of the LOS path, hence different UE Rx beams should be used.
[bookmark: _Toc68089923]The network can signal in the assistance data that it is interested in receiving RSRP/peak-RSRP measurement reports on more than one Rx beam.
Beam structure assistance data
To enable interpolation between adjacent beams, one option is that the network explicitly requests the UE to report the RSRP / peak-RSRP for a set of neighbour 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. In the following paragraphs we give proposals to how this can be done. 
2.3.1.1  Beam numbering in 1D
If the beam directions associated to DL PRS resources vary in only one dimension as in Figure 7, then each DL PRS resource can be attributed an order number based on its associated beam direction, where the order numbers are in increasing or decreasing beam directions. Two DL PRS resources are neighbors if the attributed order numbers differ by 1.
[image: ]
Figure 7: A 1D beam structure can be described by associating each DL PRS Resource to an order number.
The DL PRS resource ID which is part of the assistance data can be used as implicit beam structure order numbers: The DL-PRS resources IDs are associated to the DL PRS resources in a way that makes it possible for the UE to know what DL PRS resources are neighbors.
[bookmark: _Toc68089924]When the beam directions vary in only one dimension, use the DL-PRS Resource IDs as beam structure order numbers by assigning them in a way such that they increase or decrease by one for each beam along the one spatial dimension.  
With Proposal 9, the UE can identify neighbors as DL PRS Resources with DL PRS Resource IDs differing by 1.
2.3.1.2  Beam numbering in 2D
In a 2D beam structure, two beams can be neighbours in either dimension 1 or in dimension 2 (usually azimuth and zenith). 
[bookmark: _Toc68618997]A 2D beam structure can be described by associating each DL PRS Resource to two order numbers, one for each dimension. 
- Two DL PRS resources are neighbors in dimension 1 if their dimension 1 order numbers differ by 1 and their dimension 2 order numbers are the same. - Two DL PRS resources are neighbors in dimension 2 if their dimension 2 order numbers differ by 1 and their dimension 1 order numbers are the same.
[image: ]
Figure 8: A 2D beam structure can be described by associating each DL PRS Resource to two order numbers.
Another option is to, for each DL PRS Resource, provide one list with the DL PRS Resource IDs of its neighbors in dimension 1 and another list with its neighbors in dimension 2. 
A third option is to represent the complete beam structure with adjacency matrices: Denote by  the set of all DL PRS resources. The first adjacency matrix, , is such that  if  and   are neighbors in dimension 1 and  otherwise. The second adjacency matrix, , is such that  if  and   are neighbors in dimension 2 and  otherwise.
[bookmark: _Toc68618998]A 2D beam structure can be represented with, for each DL PRS Resource, one list of neighbors in dimension 1 and another list of neighbors in dimension 2.
[bookmark: _Toc68618999]A 2D beam structure can be represented with two adjacency matrices, one for each dimension. 
[bookmark: _Toc68619000]An adjacency matrix can be efficiently encoded since it is sparse and binary. It holds that it is square, symmetric and that the diagonal is identically zero. Consequently, it can be encoded with n*(n-1)/ 2 bits.
We say that two adjacent beams are general neighbours if it is not known or specified in what dimension they are adjacent. It can be enough to only provide the beam structure information in terms of general neighbors and not specify the dimensions. In this case one option is to, for each DL PRS resource, provide a list with the DL PRS Resource IDs of all its general neighbors. Alternatively, a single adjacency matrix  can be defined such that the matrix element (on row i and column j)  if  and   are general neighbors.
[bookmark: _Toc68619001]It can be enough to only provide the beam structure information in terms of general neighbors and not specify the dimensions.
[bookmark: _Toc68619002]A general beam structure can be represented with, for each DL PRS Resource, a list of general neighbors. Alternatively, a single adjacency matrix for the general neighbors of all DL PRS Resources can be used.
To conclude, we propose the following:
[bookmark: _Toc68089925]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) One adjacency matrix for neighbors in dimension 1 and another adjacency matrix for neighbors in dimension 2.
(3) For each DL PRS Resource, one list of general neighbors.
(4) One adjacency matrix for general neighbors.

Procedures to identify informative DL-PRS Resources
Here we propose procedures to select what DL-PRS Resources that the UE should report RSRP or peak-RSRP for. The objective of such procedure is to identify and select the measurements that are most informative and enables the most accurate DL-AOD estimation.
If the beam structure information is specified for each dimension separately (either in 1D or 2D), we propose the following selection procedure in two steps (for a 1D beam structure) or three steps (for a 2D beam structure):
[bookmark: _Toc68089926]   1. Select the DL PRS Resource corresponding to the highest measured RSRP/peak-RSRP. We call this the strongest resource.
2. Select the DL PRS Resource with the highest RSRP/peak-RSRP measurement among the DL PRS Resources which are neighbors to the strongest resource in dimension 1. We call this the strongest dimension 1 neighbor resource.
3. If applicable, select the DL PRS Resource with the highest RSRP/peak-RSRP measurement among the DL PRS Resources which are neighbors to the strongest resource in dimension 2. We call this the strongest dimension 2 neighbor resource.
In 2D, if the beam structure is given as general neighbors, we propose the following selection procedure:
[bookmark: _Toc68089927]1. Select the DL PRS Resource with the highest RSRP/peak-RSRP measurement. We call this the strongest resource.
2. Select the DL PRS Resource with the highest RSRP/peak-RSRP 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 RSRP/peak-RSRP 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 Figure 9 the 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 radio condition 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 radio condition and becomes the second neighbor.

[image: ]
[bookmark: _Ref62054968][bookmark: _Ref62054959]Figure 9: 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 both dimensions.
Conclusion
In the previous sections we made the following observations: 
Observation 1	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. This means that the DL PRS RSRP includes the total received signal energy from all propagation paths.
Observation 2	The fact that DL PRS RSRP is defined to include the total received signal power from all propagation paths and not only the power of the first path result in reduced accuracy of the DL AoD estimate.
Observation 3	The DL PRS peak-RSRP of the first path is more robust to cases where the LOS path is not the strongest path.
Observation 4	DL-AoD estimation accuracy is significantly worse in NLOS conditions than in LOS conditions.
Observation 5	Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Ray tracing and/or machine learning algorithms can utilize such information for positioning purposes, especially in controlled environments like industry.
Observation 6	The beam associated with a DL PRS Resource can have neighbours in two dimensions.
Observation 7	The DL-AoD of a UE can be estimated by interpolation in each dimension. This requires a minimum of 3 RSRP/peak-RSRP measurements from DL PRS Resources.
Observation 8	A 2D beam structure can be described by associating each DL PRS Resource to two order numbers, one for each dimension.  - Two DL PRS resources are neighbors in dimension 1 if their dimension 1 order numbers differ by 1 and their dimension 2 order numbers are the same. - Two DL PRS resources are neighbors in dimension 2 if their dimension 2 order numbers differ by 1 and their dimension 1 order numbers are the same.
Observation 9	A 2D beam structure can be represented with, for each DL PRS Resource, one list of neighbors in dimension 1 and another list of neighbors in dimension 2.
Observation 10	A 2D beam structure can be represented with two adjacency matrices, one for each dimension.
Observation 11	An adjacency matrix can be efficiently encoded since it is sparse and binary. It holds that it is square, symmetric and that the diagonal is identically zero. Consequently, it can be encoded with n*(n-1)/ 2 bits.
Observation 12	It can be enough to only provide the beam structure information in terms of general neighbors and not specify the dimensions.
Observation 13	A general beam structure can be represented with, for each DL PRS Resource, a list of general neighbors. Alternatively, a single adjacency matrix for the general neighbors of all DL PRS Resources can be used.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Define a DL PRS peak-RSRP measurement for the power of a specific peak in the channel impulse response of a received DL-PRS resource.
Proposal 2	Include the DL PRS peak-RSRP in the NR DL-AoD Location Information alongside the existing DL PRS RSRP measurement.
Proposal 3	DL PRS-RSRP is also present in the signal measurement reports in LPP for DL-TDOA and multi RTT. Also here, the DL PRS peak-RSRP should be included alongside the existing DL PRS RSRP measurement.Include the DL PRS peak-RSRP in the NR DL-TDOA and in the NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
Proposal 4	Include the DL PRS peak-RSRP in the NR DL-TDOA and multi RTT Location Information alongside the existing DL PRS RSTD measurement.
Proposal 5	The UE shall report the DL PRS Peak-RSRP and the corresponding DL PRS Resource ID for each additional path in the RSTD and UE Rx-Tx time difference measurements.
Proposal 6	The UE shall report the strongest detected paths as additional paths (i.e. in addition to the first path).
Proposal 7	RSRP/peak-RSRP measurements for adjacent DL PRS Resources that the UE reports should be done using the same Rx-beam.
Proposal 8	The network can signal in the assistance data that it is interested in receiving RSRP/peak-RSRP measurement reports on more than one Rx beam.
Proposal 9	When the beam directions vary in only one dimension, use the DL-PRS Resource IDs as beam structure order numbers by assigning them in a way such that they increase or decrease by one for each beam along the one spatial dimension.
Proposal 10	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) One adjacency matrix for neighbors in dimension 1 and another adjacency matrix for neighbors in dimension 2. (3) For each DL PRS Resource, one list of general neighbors. (4) One adjacency matrix for general neighbors.
Proposal 11	1. Select the DL PRS Resource corresponding to the highest measured RSRP/peak-RSRP. We call this the strongest resource. 
2. Select the DL PRS Resource with the highest RSRP/peak-RSRP measurement among the DL PRS Resources which are neighbors to the strongest resource in dimension 1. We call this the strongest dimension 1 neighbor resource. 
3. If applicable, select the DL PRS Resource with the highest RSRP/peak-RSRP measurement among the DL PRS Resources which are neighbors to the strongest resource in dimension 2. We call this the strongest dimension 2 neighbor resource.
Proposal 12	1. Select the DL PRS Resource with the highest RSRP/peak-RSRP measurement. We call this the strongest resource. 
2. Select the DL PRS Resource with the highest RSRP/peak-RSRP 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 RSRP/peak-RSRP 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.
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