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1 Introduction
At RAN1 #105-e meeting, the following agreements were reached with regards to this sub-agenda: 
	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

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  

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

Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets



In this paper, we present our views on potential enhancements related to enhancements on DL-AoD positioning.
2 gNB Beam/Antenna Assistance Data 
In the previous meeting, the following agreement was reached with regards to angle calculation enhancement:

	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



With regards to the options shown above we make the following observations:
· With regards to Option 1, we believe that there are 2 different understandings of where this option is heading at, and how it will be specified:
· Option 1A: Use only 6 parameters for each PRS resource to determine an parametrized function that “fits” the actual beam:
· horizontal number of antennas, vertical number of antennas, dH, dV, expectedAoD, expectedZoD
In this case, the gNB “fits” its actual beam response to the best possible using the allowed parametrization. 

· Option 1B: In addition to the parameters of Option 1, include also necessary information for the UE to “derive” the beam responses for each PRS resource using the building blocks of:
· Antenna element complex response
· Mapping/complex-precoder of the antenna elements into each port PRS resources (TXRU mapping)

Observation 1:  Option 1 includes 2 different principles solutions:
· Option 1A:  the beam response across the azimuth and zenith dimensions of each  PRS resource is associated with a parametrized function using the 
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· boresight directions
· Option 1B: the beam response across the azimuth and zenith dimensions of each  PRS resource is derived using
· Complex Antenna element pattern
· Relative Location of antenna elements & associated complex precoder weights



With regards to the comparison of these options we make the following comments:

	
	Pros
	Cons

	Option 1A
	· Low Overhead

· Hides proprietry aspects related to precoder information
	· Model-fitting mismatches unless DFT beams are used

· DFT-based beams may not be the most appropriate beams, especially when Massive MIMO is employed

	Option 1B
	· Detailed knowledge of the beam responses (both phase and amplitude information)

	· Discloses a lot of information with regards to antenna element patterns, digital precoders, TXRU to antenna ports architecture

· Medium Overhead

	Option 2
	· Generic solution applicable to any beam response and TRP architecture

· Hides proprietry aspects related to precoder information & antenna elements

· Allows for different levels of quantization/disclosure of the beam information
	· Medium to High Overhead




From the above table it is clear to us that Option 2 is the most generic solution with simplest specification effort, with only main concern the potential higher overhead. 

However, using a simple scheme of quantizing the beam responses, one can determine that good performance can be achieved using relatively reasonable overhead levels.  We provide our thoughts and simulation results for the following 2 methods:
· Alt. 1: Quantize uniformly the Angular domain and provide the relative RSRP for each angle
· Alt. 2: Quantize uniformly the relative beam gains, and provide the angle(s) that correspond for each relative beam gains. 

In the results shown in the following figure, which corresponds to the InH FR1 scenario with 8 PRS resources, we observe that both Options demonstrate similar performance for similar level of overhead, where a potential performance edge might be shown for Alt. 2. Further analysis and results are needed to verify which one will result to a better performance/overhead tradeoff. Specifically, in the scenarios with “Uniform AoD”, X (RSRP, AoD) tuples (where X = [32,512,1024,2048]) are provided across all the 8 PRS resources for AoD in the [-90,90] range. Assuming that we discretize the RSRP values in increments of 1 dB (5 bits), and that the AoD range and step size is configured separately (20 bits), the azimuth beam pattern for a given zenith angle per TRP would result to an overhead of (180, 2580, 5140, 10260) bits respectively. 

In Alt. 2, a TRP will be providing the angles for which a specific relative RSRP level is reached (e.g. angles for [-1,-2,-3,…-30] dB). At least in the InH scenario shown below, we observe that reporting an overall 894 AoDs (spanning across all 8 PRS resources and all relative RSRP levels [-1,…,-30]) similar performance is achieved using the Option 1 with 1024 RSRP values. 
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An interesting observation that can be made from our simulation results is that we observe significant gains if the UE has information on how to do interpolation between the provided beam/antenna pattern. Specifically, in what we show below, we tried a simple linear interpolation scheme between the (AoD, RSRP) tuples and we were able to get very good performance boost across a variety of quantization levels. 

In the table below we provide a simple example of the “uniform angular quantization” solution and the overhead that it would entail

	
	Parameters
	Potential Overhead per PRS-ID

	Example Option 2 in FR1 (FR2)
	· Relative beam gain value per PRS resource per TRP every ~1 degrees in horizontal
· Reporting between [-30 dB, 0 dB], with a granularity of 0.5 dB 
· 120 degree horizontal sector 
· 60 degrees vertical sector
· #PRS resources per TRP= 8 (FR1) or 64 (FR2)
· Uniform beam sampling in angular domain (TRP just needs to provide start/end with respect to the boresight direction)
	~43 (in FR1) or 345 (in FR2) Kbytes / TRP



We observe that the overhead is not that significant, especially if we consider that this will be sent out to the UEs very sparsely, and that these beam responses are not expected to be changing often. 

Observation 2: Option 2 can result into reasonable beam information overhead while ensuring generic solution applicable across different TRPs and scenarios. 

[bookmark: _Hlk40375026]With regards to Option 1A, a simple parametrizations of the beam responses could be used to reduce even further the overhead, however these will only be applicable to the case of DFT-based beams. We expect that for DL-AoD, in several use-cases, these beams are not appropriated because they tend to be “too narrow”, or “pencil-beams” if there are many antenna elements used in the TRPs. When this happens, the network would either have to introduce too many PRS resources to cover the whole angular space (increased overhead), or would have to accept performance degradation due to the fact that the RSRP measurements for the adjacent beams are too noisy. 

To see this, observe the following example. In both cases we want to cover the azimuth angular space of [-60,60] with 8 PRS resources. If we use 4 horizontal elements, the beams tend to be relatively wide, with reasonable overlap in between. A UE would be able to make good measurements for at least 3-4 beams and therefore perform an accurate pattern matching solution. However, if we have 16 antenna elements at the TRP, the DFT-beams are signicantly more narrow. If we only have 8 PRS resources, there are angular dimensions that the RSRP measurements will be very noisy which will result to a degraded performance
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Observation 3: For optimized DL-AoD performance, using DFT-based beams with limited overlap in their beam responses, may result to degraded AoD estimation performance, unless significantly larger number of beams is deployed, which would result to increased PRS overhead.

To show the above observation in an example, we use the following simulation scenario of wide-beams (Non-DFT beams) for the UMI simulation scenario: 
[image: ]
and compare the AoD Estimation and Positioning Estimation performance with the case of using DFT-based beams on the same scenario. The results are shown in the figures below, where we observe that, even with a genie-TRP pruning in the positioning engine, the 90% of error drops from 4.2 m to 8.2m (almost doubles). 
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Observation 4: For optimized DL-AoD performance, assuming the same PRS resource (8 PRS resources for probing the the [-60,60] azimuth range), DFT-based beams result to worst performance compared to wide (non-DFT beams) which have more overlap.

Proposal 1: Support Option 2: Quantized version of the relative Power/Angle response per PRS resource per TRP
· Opt. 2A: Provide the relative power-level(s) for a configurable uniformly sampled angular window in azimuth and zenith with respect to the boresight direction of each PRS resource
· E.g., For a window of [-60,60] degrees and [-30,30] degrees in azimuth and zenith dimensions respectively with a step size of 1 dB, provide the relative power-level. 

· Opt. 2B: Provide the angle(s) that a relative power-level is valid from a configurable power-level set. 
· E.g., (Azimuth, Zenith) angles for the [-1, -3, -5, -6, -9, -10, -12, -15, -20] dB relative power-levels

Proposal 2: Introduce more than one levels of quantization for the beam information to trade-off beam representation accuracy and overhead. 

Much of the overhead is related to the fact that the network needs to provide this information for all the TRPs. However, if the information corresponds to the LCS relative Power/Angle response, it is very likely that several TRPs in the field  will have similar responses and therefore avoid sending repetitive information. Actually, such a concept has already been introduced in NR Rel-16 for the BeamInformation using the following IE:

	associated-dl-PRS-ID
This field specifies the dl-PRS-ID of the associated TRP from which the beam information is adopted. The beam information from the associated TRP is considered to be in GCS if the lcs-gcs-translation-parameter field is not provided, and to be in LCS if the lcs-gcs-translation-parameter field is provided. If the field is omitted, the beam information is provided via the dl-prs-BeamInfoSet field.

	



Proposal 3: Reuse the associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information and reduce the overhead of sending repetitive beam patterns across TRPs.
3 Additional Measurements for DL-AoD: Earliest-Path RSRP
The following agreement was achieved with regards to introducing an additional measurement for DL-AoD:

	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 needs to be discussed further is the measurement and signaling details of this new measurement. 

To consider a simple example, lets assume the UE has been configured to measure 2 PRS resources in a TRP, and the CER responses are the shown below in the figure: 
[image: ]

From UE perspective, it has to perform TOA estimation in each CER (similar to the timing-based positioning methods), and instead of reporting the a Time of arrival metric, report information related to the power of the earliest tap. One can envision 2 ways for this report to happen: 
· Option 1: The UE, for each PRS resource set, determines as one of the PRS resources of the set to be a “reference”, and reports for all the remaining PRS resources of the set, the ration of the powers of the corresponding earliest paths. In this example, the UE will report {0 dB, and 10*log10(P1/P2)} for the first and second PRS resource respectively. 
· Option 2: Observe that the UE already reports, for each PRS resource the RSRP of that resource, and therefore, introduce a new field that reports how much of the power of that PRS resource is concentrated on the determined earliest TOA. In other words, report {10*log10(P1/P1Total), 10*log10(P2/P2Total)}. 

We prefer the 2nd Option for the following reasons:
· It builds on top of the NR Rel-16 reports by providing a relative ratio of the power of the earliest path over the total energy of each PRS resource. 
· The value of this new metric (in Option 2) is upper bounded by 0 dB, and further discussion is needed to determine its smallest value. 
· When it comes to potential RAN4 requirements, any sensitivity/accuracy on this relative RSRP report, should be defined per PRS resource. To see this, imagine if 2 PRS resources have very attenuated earliest paths. Their ratio may appear as being large, so one may think that the accuracy would also be large, but in the reality the accuracy will be bad. It is more appropriate to consider a lower bound/threshold on the sensitivity of the earliest path compared the overall RSRP of each channel.
· Normalizing the received power of the earliest path with the total power of the same channel  can nicely be extended to the case of multipath reporting considered in other methods (TDOA, MRTT). 

Proposal 4: For the measurement & signaling of the earliest path RSRP, support the UE reporting, per PRS resource:
· the relative received power of the earliest path over the total RSRP of the PRS resource. 
· Maximum value is 0 dB
· Minimum value: [-30] dB
· Step size: [0.5] dB
4 Expected DL-AoD Assistance Data for UE-A/UE-B DL-AoD

In the previous meeting, the following agreement was made with regards to expected AoA enhancements:

	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:
· 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]
· 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.
· FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods



It is natural, for both UE-A and UE-B DL-AoD, a similar assistance information to be provided to the UE as explained below:
· In either UE-A or UE-B, it will help the UE to narrow down which PRS resources should be measured and avoid any big inconsistencies which could arise from multipath being received from non-consistent AoDs. 
For UE-A, the expected-DL-AoD will be useful to the UE, only if additional assistance data (boresight directions of each PRS resource) is also provided to the UE. Note that in NR Rel-16, the boresight directions of each PRS resource are only provided for UE-B and not UE-A. 

Proposal 5: With regards to expected Angle of Departure, support Option 1 with the following signaling details: 
· Expected azimuth angle of departure as (φAOD - ΔφAOD/2, φAOD + ΔφAOD/2)
· φAOD - expected azimuth angle of departure, ΔφAOD – uncertainty range for expected azimuth angle of departure
· Expected zenith angle of departure as (θAOD - ΔθAOD/2, θAOD + ΔθAOD/2)
· θAOD - expected zenith angle of departure ΔθAOD – uncertainty range for expected zenith angle of departure
6 Prioritization of Assistance Data for DL-AoD
In a previous meeting the following agreement was made with regards to identifying “adjacent” PRS resources. 

	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 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  



The overall topic is more general than just identifying “adjacent” PRS resources. It is related to the fact that, in NR Rel-16, the LMF cannot provide a prioritization of measurements of PRS resources to the UE. As a reminder, we only have set-based prioritization and TRP-based prioritization in the assistance data:

	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 dl-PRS-IDs of the frequency layer are sorted according to priority;
-	Up to 2 DL PRS resource sets per dl-PRS-ID of the frequency layer are sorted according to priority.



We should enable the LMF to send to the UE a prioritization of processing of PRS resources, and leave it up to implementation, whether this prioritization is related to “adjacency” of PRS resources to the expected DL-AoD, or any other metric. Therefore, we make the following proposal

Proposal 6: With regards to PRS resource Prioritization for DL-AoD measurements, support LMF providing in the assistance data support both of the following options:
· Opt. 3: Boresight direction of each PRS resource (already supported for UE-B, but not for UE-A)
· Opt. 2: Prioritization information (e.g. prioritization based on the ordering in the PRS resource set as was discussed during NR Rel-16). 
7 Increased number of RSRP measurements in a report
In the previous meeting the following agreement was made with regards to identifying “adjacent” PRS resources. c
c
	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.c 
· FFS: value for N.



We believe that this agreement is related to the “Batch Reporting” feature that is supported to be enabled in the previous meeting. We are generally supportive of increasing the number of RSRP measurements to be reported, but we don’t see the need to restrict it only to the case of “same Rx beam index”. For example, a UE may be performing a lot of measurements across different time-stamps, and it will be useful to be able to report more RSRP measurements per TRP across time-domain istnances. For this reason, we support Option 3. 

Proposal 7: For UE-A DL-AOD, support reporting more than 8 RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be  able to be reported for a given PRS resource for different timestamps. 
· FFS: Value for N
1. Two-stage Beam Sweeping Discussion

In the previous meeting the following agreement was made with regards to any potential enhancement related to two-stage beam sweeping for DL-AoD Positioning. 

	Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets



We believe that this two-stage beam sweeping can be enabled using the on-demand framework as follows:
· The UE uses a first AD configuration or PRS resource sets to determine a good set of beam directions
· The UE uses the explicit-parameter-request of an on-demand framework to request PRS resources related to a desired beam direction or PRS resource ID. 

[image: ]        [image: ]

Therefore, there is no need to treat it separately in this subagenda. If we support the UE requesting specific “PRS resource ID” or “beam direction”, the suggested 2-stage beam sweeping would be possible. 

Proposal 8: With regards to two-stage beam sweeping, treat it within the on-demand PRS framework and support the UE to be able to report one or more desired beam directions / PRS resources / PRS resource sets from the already configured AD or the potential on-demand PRS configurations. 
1. Conclusions
Overall, we make the following Observations and proposals related to DL-AoD Enhancements:
Observation 1:  Option 1 includes 2 different principles solutions:
· Option 1A:  the beam response across the azimuth and zenith dimensions of each  PRS resource is associated with a parametrized function using the 
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· boresight directions
· Option 1B: the beam response across the azimuth and zenith dimensions of each  PRS resource is derived using
· Complex Antenna element pattern
· Relative Location of antenna elements & associated complex precoder weights

Observation 2: Option 2 can result into reasonable beam information overhead while ensuring generic solution applicable across different TRPs and scenarios. 

Observation 3: For optimized DL-AoD performance, using DFT-based beams with limited overlap in their beam responses, may result to degraded AoD estimation performance, unless significantly larger number of beams is deployed, which would result to increased PRS overhead.

Observation 4: For optimized DL-AoD performance, assuming the same PRS resource (8 PRS resources for probing the the [-60,60] azimuth range), DFT-based beams result to worst performance compared to wide (non-DFT beams) which have more overlap.

Proposal 1: Support Option 2: Quantized version of the relative Power/Angle response per PRS resource per TRP
· Opt. 2A: Provide the relative power-level(s) for a configurable uniformly sampled angular window in azimuth and zenith with respect to the boresight direction of each PRS resource
· E.g., For a window of [-60,60] degrees and [-30,30] degrees in azimuth and zenith dimensions respectively with a step size of 1 dB, provide the relative power-level. 

· Opt. 2B: Provide the angle(s) that a relative power-level is valid from a configurable power-level set. 
· E.g., (Azimuth, Zenith) angles for the [-1, -3, -5, -6, -9, -10, -12, -15, -20] dB relative power-levels

Proposal 2: Introduce more than one levels of quantization for the beam information to trade-off beam representation accuracy and overhead.
Proposal 3: Reuse the associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information and reduce the overhead of sending repetitive beam patterns across TRPs.

Proposal 4: For the measurement & signaling of the earliest path RSRP, support the UE reporting, per PRS resource:
· the relative received power of the earliest path over the total RSRP of the PRS resource. 
· Maximum value is 0 dB
· Minimum value: [-30] dB
· Step size: [0.5] dB

Proposal 5: With regards to expected Angle of Departure, support Option 1 with the following signaling details: 
· Expected azimuth angle of departure as (φAOD - ΔφAOD/2, φAOD + ΔφAOD/2)
· φAOD - expected azimuth angle of departure, ΔφAOD – uncertainty range for expected azimuth angle of departure
· Expected zenith angle of departure as (θAOD - ΔθAOD/2, θAOD + ΔθAOD/2)
· θAOD - expected zenith angle of departure ΔθAOD – uncertainty range for expected zenith angle of departure

Proposal 6: With regards to PRS resource Prioritization for DL-AoD measurements, support LMF providing in the assistance data support both of the following options:
· Opt. 3: Boresight direction of each PRS resource (already supported for UE-B, but not for UE-A)
· Opt. 2: Prioritization information (e.g. prioritization based on the ordering in the PRS resource set as was discussed during NR Rel-16). 

Proposal 7: For UE-A DL-AOD, support reporting more than 8 RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be  able to be reported for a given PRS resource for different timestamps. 
· FFS: Value for N

Proposal 8: With regards to two-stage beam sweeping, treat it within the on-demand PRS framework and support the UE to be able to report one or more desired beam directions / PRS resources / PRS resource sets from the already configured AD or the potential on-demand PRS configurations. 
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8 Appendix
Simulation Results with a 4-TRP Example & CDL-E channel for different Beam response Uncertainties
In order to determine the sensitivity to the beam information mismatch of the DL-AoD method we use a toy example with good geometry so that we determine, even in good conditions how much performance degrades. The scenario is shown below:  
[image: ]

In the following figure, we compare the AoD Error for different beam information uncertainty: An uncertainty of [-X,X] dB corresponds to a random perturbation that has been added in each (Angle, Beam-gain) element in the beam information database using a truncated gaussian random variable. 
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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.
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