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Introduction
In this contribution, we focus on the reporting of RSRP measurements per TRP, reporting of the first arriving path, adjacent beam reporting, expected uncertainty window, angle error calibration and Rx beam reporting to improve the accuracy for DL-AoD positioning solutions.
Reporting of RSRP measurements per TRP 
In RAN1#104-e meeting, the following agreements were achieved for DL-AoD enhancement [1]: 

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.

At LMF side, the RSRPs measured from the DL PRSs of a TRP with the same Rx beam by a UE are normally used to calculate the DL-AoD from the TRP to the UE. For a UE with multiple Rx beams, if the RSRP measurements from the DL PRSs of a TRP using different RX beams are all reported, multiple groups of RSRP values, each group corresponds to an RX beam, could be obtained for the TRP. In other words, for each DL PRS resource, multiple RSRP measurements associate with different RX beams should be reported. Then, LMF would calculate multiple candidate DL-AoDs from the multiple groups of RSRP values, which provides the opportunity of improving the estimation accuracy of UE location. 

In Rel-16, for each TRP, the maximum number of Rx beams is 8 and the maximum number of RSRP measurements on different PRS resources is also limited to 8. With this limitation, for a UE with 8 Rx beams, only one RSRP can be reported for each PRS resource for a TRP, if RSRPs correspond to all the Rx beams are reported. In addition, according to the spec, only those RSRPs from different PRS resources measured by the same Rx beam are associated with an Rx beam index in the measurement report. So, no Rx beam index would be reported in this case. As a result, LMF could not choose those RSRPs associated with the same beam for DL-AoD calculation. In order to solve the problem, we propose to increase the maximum number N of RSRP measurements (denoted by N in the previous agreement) allowed for each TRP to be larger than 8. Whether to support N>8 could be subject to the UE capability. From our point of view, at least N=16 should be supported for reporting RSRP measurements corresponding to two Rx beams.  Supportive of other values for N should further consider the increased reporting overhead.

Proposal 1: For UE-assisted DL-AoD, the maximum number of RSRP measurements per TRP should be increased from 8 to [16]. Whether to support reporting more than 8 RSRP measurements per TRP can be subject to UE capability. 

Reporting of first arriving path
In RAN1#104-e meeting, the following agreements were achieved for DL-AoD enhancement [1]:

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.


In the current NR Rel-16 spec, there is no information about the LOS/NLOS property of the measurements reported by UE for supporting DL-AoD positioning. For certain IIoT scenarios, the NLOS probability can be very high (e.g. about 60% for InF-DH). It is difficult for LMF to discriminate those RSRP measurements corresponding to the LOS path from those corresponding to other paths. Therefore, during AoD estimation, the angle accuracy could not be guaranteed. Ideally, measurements of the pure LOS paths should be reported to avoid the impact of NLOS paths. According to the agreement of the last meeting, information related to the first arriving path could be reported. Although the first path is not necessary to be the LOS path, DL-AoD estimation based on the measurements of the first path would be improved due to decreasing the NLOS impact. 

In our opinion, the measurement of the received power (PRS-RSRP) of the first arriving path is in general more stable than other measurements of the first arriving path, such as signal amplitude and phase (option 5), since RSRP is a time-accumulation quantity instead of an instantaneous quantity. Option 2 and option 4 aim to use the phase-difference-based DL-AoD method. However, as the signal phase is very sensitive to RF impairments, the benefits are not clear. Due to resolution limitation, there are cases that the first path is partially overlapped with the other paths. How to identify the first path and calculate the received power of the first path needs further discussion. RAN4 may need to be involved in the discussion of the definition if there is any issue related to the testability of the new type of measurement. Further, the ratio of the receiving power of the first arriving path to the total PRS-PRSP with Rel-16 definition reflects the LOS path possibility of a PRS resource. With these two kinds of measurements reported, LMF could use the information for improving the accuracy of UE positioning calculation. 

Observation: There is a need to introduce the definition of per-path RSRP before supporting PRS-RSRP of the first arriving path. RAN4 may need to be involved in the per-path RSRP definition.

Proposal 2: UE could be configured to report the PRS-RSRP of the first arriving path in addition to the PRS RSRP already supported in Rel-16, if the definition of per-path RSRP is introduced. 


Adjacent beam reporting
In RAN1#104b-e meeting, the following agreements were further achieved [2]: 
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  

The motivation of reporting measurement of adjacent PRS resources is to improve the accuracy of DL-AoD estimation at LMF. Considering the beam pattern (including the main lobe and the side lobe) of a PRS resource, there would be some overlap between PRS resources with adjacent Tx beams. By providing the RSRP measurements of those PRS resources with Tx beams next to that of the PRS resource with the largest RSRP, finer DL-AoD would be calculated using certain interpolation algorithms. 

As each gNB has its own adjacent beam information, this information could be sent to LMF and then configured in the DL assistance data. The beam information could be an ordered PRS resource ID list, or the boresight directions of the PRS resource. In contrast to the explicit methods, implicit methods have no impact on the DL assistance data. One of the implicit methods is to require gNB to transmit PRS in the beam direction order. Namely, PRS resources with adjacent beam directions are labelled by adjacent resource IDs. Based on the ID values, UE could determine the adjacent beams. Another alternative is to allow UE to identify the adjacent beams by itself. If UE is capable of estimating the AOA of DL PRS, it would determine which PRS resources are adjacent to each other according to the DL AOA values. By using either the explicit method or the implicit method, it is feasible for a UE to report the measurements of adjacent PRS resources. 
Therefore, the reporting enhancement (Option 1) should be naturally supported in Rel-17. In addition, based on knowledge of coarse UE location, UE may be requested to measure and report on those PRS resources covering the range of UE. It is beneficial to reduce measurement overhead and improve accuracy. This feature (Option 2) should also be supported in Rel-17.

Proposal 3: Signaling to UE for the purpose of PRS measurement and report may include either an ordered PRS resource ID list, or the boresight directions of the PRS resources.

Proposal 4: Both of the following options should be supported in NR Rel-17:
· Option 1: Enhancing the reporting to include the measurements of adjacent PRS resources that are related to each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources
DL-AoD uncertainty window

In RAN1#104b-e meeting, the following agreements were further achieved [2]: 

Agreement:
1. 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.
0. FFS: details of signaling
1. FFS: Applicability of this agreement to other Positioning methods


The benefit of introducing an uncertainty window for DL AoD is to reduce UE RX beam training. UE would try those RX filters within the uncertainty window to determine an optimized RX beam. According to the above agreement in RAN1#104b-e, two options for the uncertainty window will be studied. The expected DL-AoD/ZoD value (option 1) is defined from gNB perspective, and the expected DL-AoA/ZoA value (option 2) is from the UE perspective. In the LOS scenario, these two options are equivalent. Therefore, either option could be supported.

These expected angles should be defined with a reference direction. In UL, the expected AoA may be defined in either GCS or LCS, as gNB usually knows its antenna orientation. However, some UEs may not  know their orientations. If the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined in GCS or LCS, these UEs may not be able to use the angle information. In Rel-16, DL PRS is QCLed with SSB or other reference signals to provide the Rx beam information. Then, it is natural to use the boresight direction of SSB or DL PRS as the reference direction. The expected angle values are defined as an angle offset to the reference direction. With respect to the concerns that UE would not receive the SSBs due to the coverage issues, we may restrict the SSB or DL PRS used to determine the reference direction belongs to the serving cell. In addition, the direction of UL SRS could also be used as the reference direction, which is more straightforward for UE to adjust its RX beam.  As illustrated in Figure 1, the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined as an offset to the boresight of the SRS resource.
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Figure 1: Reference direction determination base on SRS

Proposal 5: Either the expected DL-AoD/ZoD value (option 1) or the expected DL-AoA/ZoA value (option 2) could be provided to UE for each TRP.

Proposal 6: SSB index, DL PRS resource index, or SRS resource index can be used to define the reference direction for the expected DL-AoD/ZoD value or DL-AoA/ZoA value.
Support of additional gNB beam information signaling
In RAN1#104b-e meeting, the following agreements were further achieved [2]: 

Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
1. Support gNB providing the beam/antenna information to the LMF.
0. The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
0. FFS: the details of contents of the beam/antenna information
0. FFS: the details of how to provide the beam/antenna information.
0. Note: The antenna information is related to reducing the overhead of beam information
1. 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.

If LMF or UE has accurate DL-PRS beam distribution information, combined with RSRP measurement from UE, the accuracy of DL-AoD can be effectively improved.
 
The spatial distribution of each DL PRS beam is different, and each beam needs to be described separately. In order to reflect the details of the beam more accurately, more information is needed to describe each beam. Each TRP needs to send multiple DL PRS beams. If the information of each beam is transmitted directly to LMF or UE, the overhead of information needed to be transmitted will be very large.

LMF or UE can obtain the beamforming parameters and antenna parameters of each DL-PRS beam transmitted by TRP, and then the ideal DL-PRS beam distribution can be established

Proposal 7: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF or UE, including:
· The structure and parameters of the transmitting antenna array, such as antenna element distribution, element shape and size, element spacing, etc.
· Analog beamforming vector.
· Digital beamforming vector, such as codebook used for precoding.
Due to the non-ideal factors of TRP transmitter, there is a certain deviation between the ideal beam distribution and the actual beam distribution.

In order to obtain the beam information affected by the non-ideal factors of TRP transmitter, gNB needs to obtain the amplitude and phase inconsistency parameters of TRP transmitter, and report the information to LMF or UE. Based on the information reported or provided by the gNB and the ideal DL-PRS beam distribution, LMF or UE can effectively improve the accuracy of beam distribution information.

Proposal 8: In order to improve the accuracy of the beam response established by LMF or UE, it is necessary to consider the amplitude and phase inconsistency parameters in the TX channel of each antenna element of the TRP transmitter. gNB should report the following  parameters to LMF or UE:
· Timing delays and gains for all RF channels, or differences of timing delays and gains between all RF channels and specific RF channels
· Timing delays from all antenna elements, or time delay differences between all antenna elements and a specific antenna element)
· [bookmark: _GoBack]Gain of all antenna elements, or gain difference between all antenna elements and a specific antenna element.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss DL-AoD positioning enhancements, and give the following observation and proposals:
Observation: There is a need to introduce the definition of per-path RSRP before supporting PRS-RSRP of the first arriving path. RAN4 may need to be involved in the per-path RSRP definition.
 
Proposal 1: For UE-assisted DL-AoD, the maximum number of RSRP measurements per TRP should be increased from 8 to [16]. Whether to support reporting more than 8 RSRP measurements per TRP can be subject to UE capability. 

Proposal 2: UE could be configured to report the PRS-RSRP of the first arriving path in addition to the PRS RSRP already supported in Rel-16, if the definition of per-path RSRP is introduced. 

Proposal 3: Signaling to UE for the purpose of PRS measurement and report may include either an ordered PRS resource ID list, or the boresight directions of the PRS resources.

Proposal 4: Both of the following options should be supported in NR Rel-17:
· Option 1: Enhancing the reporting to include the measurements of adjacent PRS resources that are related to each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources

Proposal 5: Either the expected DL-AoD/ZoD value (option 1) or the expected DL-AoA/ZoA value (option 2) could be provided to UE for each TRP.

Proposal 6: SSB index, DL PRS resource index, or SRS resource index can be used to define the reference direction for the expected DL-AoD/ZoD value or DL-AoA/ZoA value.

Proposal 7: NR Rel-17 should support a gNB to report the transmission characteristics of a TRP beam to LMF or UE, including:
· The structure and parameters of the transmitting antenna array, such as antenna element distribution, element shape and size, element spacing, etc.
· Analog beamforming vector.
· Digital beamforming vector, such as codebook used for precoding.

Proposal 8: In order to improve the accuracy of the beam response established by LMF or UE, it is necessary to consider the amplitude and phase inconsistency parameters in the TX channel of each antenna element of the TRP transmitter. gNB should report the following  parameters to LMF or UE:
· Timing delays and gains for all RF channels, or differences of timing delays and gains between all RF channels and specific RF channels
· Timing delays from all antenna elements, or time delay differences between all antenna elements and a specific antenna element)
· Gain of all antenna elements, or gain difference between all antenna elements and a specific antenna element.
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