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1 Introduction
At RAN1 #104Bis-e meeting, the following agreements were reached with regards to this sub-agenda: 
	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.

Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  

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



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:
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.



One can envision different ways that such information could be provided at the LMF (UE-Assisted) and the UE (UE-based). 

We can consider a simple scheme of quantizing the beam responses and determine potential losses in DL-AoD estimation accuracy for different quantization levels.  We provide our thoughts and simulation results for the following 2 methods:
· Option 1: Quantize uniformly the Angular domain and provide the relative RSRP for each angle
· Option 2: Quantize uniformly the relative RSRP, and provide the angle(s) that correspond for each relative RSRP level. 

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 may be shown for Option 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 option 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. 

[image: ]
[image: ]
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. 

A different option to examine in order to reduce the overhead would be to exploit the fact that a common antenna element pattern is being used from each antenna element from a TRP, and specify signaling of the antenna element pattern, along with the gNB’s UPA antenna configuration & a PMI index of a codebook (e.g. DFT codebook similar to CSI feedback approach) per PRS resource. With such an approach, the UE, or the LMF, will be able to derive the beam response of each PRS resource without having to signal a separate beam response for each PRS resource. Another approach would be to consider whether a simple parametrizations of the beam responses could be specified, so that signaling only the values of a small set of would be enough to get good-enough knowledge of the beam responses (e.g., if the beam responses are parametrized with a sinc function, just 2 parameters may be enough).  Since both of these approaches might be made to work in the idealistic beam patterns used in 3GPP simulations, there is a risk that the beam information parametrization will overfit the 3GPP simulation scenarios and underperform in realistic settings. For all the above reasons we make the following proposals:
[bookmark: _Hlk40375026]
Proposal 1: Study further at least the following options for beam/antenna information delivery: 
· Quantized version of the relative Power/Angle response per PRS resource per TRP
· Opt. 1: Provide the angle(s) that a relative RSRP level is valid, from a pre-defined/configured RSRP-level set. 
· E.g., Angles for the [-1, -3, -5, -6, -9, -10, -12, -15, -20] dB levels
· Opt. 2: Provide the relative RSRP for multiple tuples of (AoD, ZoD)
· Consider Delta Signaling to reduce further the overhead

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: Phase-Difference AoD

	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.



A phase-difference based DL-AoD would correspond to the following method: The transmitting device sends multiple PRS resources, each PRS resource via each of the physical antennas. As each PRS from the antennas in the array arrives at the receiver’s single antenna, it is phase shifted from the previous PRS due to the different distance it has traveled from the transmitter as shown graphically in the figure below. In the simple scenario shown in the figure below, one can estimate the angle of departure by measuring the phase difference between the PRS resources using a simple formula.
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In such a method, there is no need to know what are the beam responses of the PRS resources. The receiver is only required to know the mapping of the PRS resources into the physical antennas, along with the antenna (e.g., ULA, UPA, single or multi-panel) configuration of the TRP and the relative distance of the antennas (the dH and dV parameters, as usually referred to in the 38.901 specification). It deserves to be noted that such a method is being employed already by competing technologies (e.g., Bluetooth [2] and WiFi).

Observation 1: Phase-Difference-based AoD is a positioning method employed by competing technologies (e.g. Bluetooth and WiFi) which exploits the phase difference between signals transmitted from different antennas and knowledge of the Tx antenna configuraiton. 

For the purpose of clarifying this method, and get a better understanding on what specification effort is needed to enable such a DL-AoD method, one can envision to reuse the CSI framework and configuration already specified in 38.214; i.e. the Type I codebooks and available UPA configurations:
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To see this, consider for simplicity the example of Single-panel codebooks from 38.214, which uses constant modulus DFT codebooks tailored for a dual-polarized 2D UPA: DFT precoders are used, where, each precoder vector can be used to precode a single-port transmission using a single-polarized uniform linear array (ULA) with  antennas defined as

 where  is the precoder index and is an integer oversampling factor.

If the UE is provided with such a codebook configuration (as already done for CSI feedback), and receives multiple single-port PRS resources (as already needed for the RSRP-based DL-AoD method), a UE, instead of just computing the RSRP vector, would be searching for the PMI of the codebook that maximizes the received power of the first path (i.e. use the N ports to derive a Delay-Angle Response, by computing the product of the received channels by each PMI in the configured codebook, and identify the earliest path together with the strongest peak for that earliest path). It should be noted that the multiple single-port PRS resources will need to be phase-coherent for this method to work, but this is controlled by the network: If the network maps the PRS resources in a such a way that enables a phase-difference DL-AoD method, the network could signal to the UE to employ such a measurement. 

Note the similarity to the CSI feedback procedure: In 3GPP procedures on CSI feedback, a UE measures multiple ports of a single CSI-RS resource, and performs a PMI sweep to identify which PMI maximizes a spectral efficiency metric, whereas in this phase-difference DL-AoD method, the UE measures multiple ports (each one associated with a different PRS resource) for the purpose of sweeping the PMIs and identify the PMI index that corresponds to the maximum received power at an estimated TOA. Such a method would exploit additional measurements, and enable the UE to report the angle that is really associated with the earliest path, and not just an RSRP measurement which can be the result of multiple paths being summed at the receiver. 

In other words, for the  received time-domain tap,  a UE can calculate the received energy across all the configured PMIs of the codebook, and choose the PMI  that maximizes the received energy. In UE-assisted DL-AoD method, a UE would report the index  corresponding to the earliest tap, and for UE-based DL-AoD, a UE would map the index  back to an angle using the knowledge of  and the ULA config as follows:



It should be noted that one assumption of such a method is that the TRPs would be mapping each PRS resource to a physical antenna element; an assumption that is reasonable for a variety of FR1 deployment scenarios, but not in some high-band scenarios, like FR2 cases. 

It should also be noted that a UE may perform AOD oversampling during the digital PMI sweeping procedure described above (e.g., in the case of the Codebooks already specified in TS 38.214, this would corresponds to oversampling factor), to increase the precision even when there are few number of antennas at the gNBs.  Such a method is expected to have better performance than the RSRP-based DL-AoD, as shown in the simulation example below (InH 4 GHz, 100 MHz), while having a minimal assistance data overhead, i.e., antenna configuration information  with a Coodebook configuration for the UE to perform the PMI sweeping.
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Such a method does not require any additional PRS resources to be sent (compared to RSRP-based DL-AoD), since the UE would be performing the angle-oversampling digitally, and reaping significant benefits in performance, as shown for example in the figure below (UMI, 4 GHz, 100 MHz) for different oversampling factors (Q={1,2,4,8,16,32}): 
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Observation 2: In a phase-difference-based DL-AoD method, the UE is only required to be provided a PMI codebook (e.g. Type-I codebook already in 38.214), measure multiple single-port PRS resources, perform PMI search on the received PRS ports to identify the PMI index that maximizes the power associated to the earliest arriving path. 

Proposal 4: Support enhancing the UE-A/UE-B DL-AoD method with UE measurements that provide phase-difference and Angle of Departure information related to the first arrival path (Option 2 & 4):  
· Assistance Data Enhancement: 
· gNBs’ antenna Configuration, PMI Codebook configuration & their association to the transmitted PRS resources, PMI to DL-AoD Mapping Table (for UE-B). 
· UE Measurement Enhancement:
· Support a UE measuring multiple single-port PRS resources, sweeping a PMI codebook across the measured ports and determining the PMI index that maximizes the power associated with the earliest arriving path.
4 Comparison of phase-difference AoD with Earliest RSRP AoD
In this section, we provide a simulation comparison of DL-AoD estimation performance for the InH 4 GHz scenario between the following 3 options:
· “Legacy RSRP” corresponds to the NR Rel-16 RSRP measurement
· “Earliest RSRP” corresponds to the following measurement:
· For each PRS resource, the UE determines the earliest TOA, and reports the relative power of the earliest TOA over the maximum earliest power across all the PRS resources of the set
· “Phase Difference AoD” corresponds to the method described in the previous section. 

· CDF comparison of the DL-AOD Error across all the 12 links for each UE, across all the UEs. 
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· CDF comparison of the DL-AOD Error across the best 5 links for each UE, across all the UEs. 
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· Fraction of UEs having at least X links with an AoD error of less than 2 degrees, wherein X = {1,2,…, 12}. 
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· Fraction of UEs having at least X links with an AoD error of less than 1 degrees, wherein X = {1,2,…, 12}
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We observe that, even though the “earliest RSRP” method provides performance improvements over the “Legacy RSRP” method, additional gains are achieved if one considers the phase-difference-based method for DL-AoD. 

Observation 3: At least in the InH 4 GHz scenario, Phase-Difference AoD demonstrates better performance than the “Earliest RSRP” methods, which demonstrates better performance than the “Legacy RSRP” DL-AoD. 
5 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 to 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



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.



For this reason, in the 104Bis-e meeting, the topic was generalized using the following agreement: 

	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  




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. 1: 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. 

	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.



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 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. Conclusions
Overall, we make the following Observations and proposals related to DL-AoD Enhancements:
Observation 1: Phase-Difference-based AoD is a positioning method employed by competing technologies (e.g. Bluetooth and WiFi) which exploits the phase difference between signals transmitted from different antennas and knowledge of the Tx antenna configuraiton. 

Observation 2: In a phase-difference-based DL-AoD method, the UE is only required to be provided a PMI codebook (e.g. Type-I codebook already in 38.214), measure multiple single-port PRS resources, perform PMI search on the received PRS ports to identify the PMI index that maximizes the power associated to the earliest arriving path. 

Observation 3: At least in the InH 4 GHz scenario, Phase-Difference AoD demonstrates better performance than the “Earliest RSRP” methods, which demonstrates better performance than the “Legacy RSRP” DL-AoD. 

Proposal 1: Study further at least the following options for beam/antenna information delivery: 
· Quantized version of the relative Power/Angle response per PRS resource per TRP
· Opt. 1: Provide the angle(s) that a relative RSRP level is valid, from a pre-defined/configured RSRP-level set. 
· E.g., Angles for the [-1, -3, -5, -6, -9, -10, -12, -15, -20] dB levels
· Opt. 2: Provide the relative RSRP for multiple tuples of (AoD, ZoD)
· Consider Delta Signaling to reduce further the overhead

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: Support enhancing the UE-A/UE-B DL-AoD method with UE measurements that provide phase-difference and Angle of Departure information related to the first arrival path (Option 2 & 4):  
· Assistance Data Enhancement: 
· gNBs’ antenna Configuration, PMI Codebook configuration & their association to the transmitted PRS resources, PMI to DL-AoD Mapping Table (for UE-B). 
· UE Measurement Enhancement:
· Support a UE measuring multiple single-port PRS resources, sweeping a PMI codebook across the measured ports and determining the PMI index that maximizes the power associated with the earliest arriving path.

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. 1: 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
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Agreement:


 


Regarding support of angle calculation enhancement for DL


-


AoD:


 


·


 


Support
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providing the beam/antenna information to the LMF.
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:
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:
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Note: The antenna information is related to reducing the overhead of beam infor
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-
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for the purpose of 


PRS resource


(s)


 


measurement and (for UE


-


A)


 


report 


 


o


 


FFS: 


T


he 


d


etailed 


signaling
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: Enhancing the reporting to include the measurements of adjacent beams PRS resources 


that related with each other indicated by the assistance data.    


 


o


 


Option 


2


: UE


 


can be requested to measure and report on specific PRS resources  


 


 


Agreement:


 


·


 


F
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enhancements on DL


-


AoD 


positioning


.


 


2


 


gNB Beam/Antenna Assistance Data 
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