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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved and updated at RAN#91 on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to DL AoD. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
[bookmark: _Hlk71118911]Discussion  
 Additional measurements for DL-AoD
At RAN1#104-e and RAN1 #105-e there was discussion about introducing additional measurements to increase positioning accuracy of DL-AoD method. The following decision was made at RAN1#104-e: 
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.
At RAN1 #105e meeting, the following agreement was made:
	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



In addition to the PRS RSRP of the first path, comparing the propagation time for the first path between different beams may be beneficial. In general, the accuracy of downlink (DL) positioning may be degraded in the presence of multipath propagation. The strongest multipath component may not necessarily correspond to the shortest/first arriving path relative to a surrounding transmitting cell - this happens, e.g. when the line-of-sight (LoS) direction is obstructed. The first path of a NLOS beam may be still a NLOS path with high power. However, by comparing arrival time of different beams (associated with different PRS occasions) can identify which beam arrival first, although the beam may having lower power or RSRP value. 
Observation 1: In the presence of NLoS, the strongest path may not necessarily correspond to the first arrival/shortest path.
Regarding the reporting of additional path, the accuracy of the positioning may theoretically be increased by having measurements from several spatial components/beams, in practice DL TX beams that are close to each other in the spatial domain generally contribute very similar information for positioning. For example, DL PRS resources corresponding to adjacent DL TX beams and selected only based on RSRP measurements may be spatially correlated, and thus may contribute only marginal improvements for the positioning accuracy.
Figure 1 shows an example of reporting addtional paths associated with arrival time information. UE is configured with multiple PRS resources and reporting configuration with ranking of reported PRS resources according to time of arrival (e.g. report N- different DL PRS resources with shortest arrival times or relative time difference of arrival information between reported resources). When the network has aforementioned arrival timing information available, it can enhance the reliability of estimation related to UE location (showed as shaded area around the UE).  
Observation 2: To enhance positioning accuracy in the presence of different NLoS, it is beneficial to report multiple PRS resources each associated with time of arrival information.
In consideration of the current NR positioning system, it might be difficult for the UE to report ToA information, but the UE may be able to report relative ToA information by using intra/inter-TRP RSTD measurements. For example, the UE could estimate and report RSTD for each PRS resource of a target TRP based on a single reference timing, and it maybe helpful for the LMF to find LoS beam direction from relative time of arrival information.
Proposal 1: For DL-AoD support reporting of multiple PRS resources per PRS resource set, with each resource being associated with time of arrival information or RSTD.
[image: ]
[bookmark: _Ref78833030]Figure 1. Example of reporting of multiple additional paths with arrival of time information.    
At RAN1#106-e meeting, RAN1 discussed how to define the path PRS RSRP throughout multiple rounds but could not define it, and made the following agreement for further consideration.
Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.

Firstly, it is hard to define the n-th path or a certain path for a total of multiple paths, and it is not guaranteed that n-th path from the UE coincides with the n-th path from the gNB, so we prefer to restrict the discussion on path PRS RSRP to the first path PRS RSRP. Then we need to clarify two questions such that 1) what is the first path and 2) what is the RSRP of the first path. The first path detection is depending on the UE/TRP implementation, so it might be reasonable that standard leave the definition of the first path more like an implementation point of view as follows: the first is the channel tap where UE measures ToA for reporting of the RSRP of the first path.
Our understanding for option 2 is to use a small time window around the first path. It might be somewhat reasonable to calculate the power of the received signal. However, if we go with option 2, there are still remaining critical issues on how and which entity configures the window, and it might be still questionable if the window really guarantees to include only the first path. Thus, we have the following proposal to define the RSRP of the first path.
Proposal 2: The measured first-path PRS RSRP corresponds to the power of the channel impulse response, at the first path delay, over which the DL PRS is received.
· Note: the first path delay is independent of sampling grid.
· Note: the first path delay is the channel tap where the UE measures ToA for reporting of the RSRP of the first path
· FFS: window/time-duration around the first path (e.g., size of 1 Ts) to calculate power
Other DL-AoD Enhancements
At RAN1 #106e, RAN1 reached a consensus to increase the maximum number of DL PRS RSRP.
Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS 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: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index
However, the maximum number of PRS RSRP reporting is still remaining issue. Based on the previous discussion result [7], we propose N=16 as a candidate value of the maximum number. Regarding the limitation of the maximum number of DL PRS RSRP associated with the same Rx beam index, since Rel-16 UE can report up to 8 PRS RSRPs for a single Rx beam index if the UE selects a single Rx beam index, at least the maximum number needs to be 8. In addition, the UE might report the RSRP of the first path along with DL PRS RSRP and hence, it might be necessary that the maximum number of RSRP reporting for the first path has the same number as the maximum number of PRS RSRP reporting.
Proposal 3: For UE-A DL AoD,
· The maximum number of DL PRS RSRP measurements per TRP that can be reported is 16
· The maximum number of DL PRS RSRP associated with the same Rx beam index is 8.
· The maximum number of the measurements for the RSRP for the first path per TRP that can be reported is the same as the maximum number of DL PRS RSRP measurements per TRP that can be reported.

In RAN1 #106e meeting, RAN1 made the following agreement for providing beam/antenna information to the LMF.
Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· [bookmark: _Hlk83753603]Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement

The gNB may decide the same or different beam patterns for each TRP. In case the multiple TRPs have the same beam patterns for PRS transmission, unnecessary signaling overhead needs to be avoided. In option 2.1, the gNB reports power/angle response per PRS resource per TRP, while the gNB in option 2.2 reports relative power between PRS resources per angle and there is a constraint that at least two PRS resources are reported for each angle. It is not sure there are always overlapping beams of two PRS resources for every angle depending on beam operation from gNB. The gNB may use similar beam pattern such as beam-width for multiple PRS resources within a set. Thus, the information on relative power/angle response for a PRS resource would be the same for the different PRS resource except for the angle. From our side, option 2.1 might be more simple solution.
Proposal 4: Support option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP.
For the improvement of DL-AoD positioning, various options were discussed at RAN1 #105e and the following agreement was made.
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  
Concerning adjacent beam reporting, the PRS-RSRP reporting flexibility of a UE is already quite high in Rel-16 and in Rel-17 may be further enhanced. If a UE has determined that a given PRS resource is not going to be reported for DL-AoD that means that the UE with capability to report 8 PRS-RSRP measurements has determined that 8 other DL PRS resources are better than the given PRS resource. The PRS resource then seems like it will not be useful at the LMF for AoD calculation. In fact if we look at Figure 1 the UE may determine to report beam 8 and 9 if using adjacent beams but beam 1 (or beam 5 in the case of obstructed LoS) would be better beams to report as they carry more information. It is not useful in our view for the network to constrain the UE reporting to ensure that particular adjacent beams are reported.  
Proposal 5: Do not support the explicit identification of adjacent beams. 
In the absence of initial location information about the target positioning UE, two-stage based DL-AoD may be much useful by association with two PRS resources where they are in different PRS resource sets. Thus, we prefer to jointly discuss the listed option with two-stage beam sweeping, and the following section elaborates on two-stage beam sweeping in more details.
Two stage beam sweeping
At RAN1#105-e the following agreement was reached: 
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 the Rel-16 specifications there is support for up to 2 DL PRS resource sets per TRP. In some ways this already enables the two stage beam-sweeping by allowing for one DL PRS resource set to be narrow beam and one DL PRS resource set to be wide beam. However, what is lacking in the current specification is some association information between the DL PRS resources within the two sects (e.g., DL PRS resource X and Y from set 2 are nested in DL PRS resource Z from set 1). 
Observation 4: The current specification has insufficient support for two stage beam sweeping. 
Proposal 6: LMF provides in the assistance data association information between two PRS resources where the two PRS resources are in different PRS resource set.
According to current Rel-16 DL-AoD positioning measurement and report behavior, a UE shall measure all configured PRSs (probably with up to 2 resource sets) and report the highest RSRP (or multiple highest RSRP) and associated PRS ID(s). In two-stage beam sweeping, the first stage PRSs are used to identify preferred second stage PRSs to be measured. Reporting a PRS resource ID and RSRP measurement from the first stage resource set (or wide-beam resource set) is undesired and unnecessary for the final positioning estimation.
Proposal 7: For the overhead reduction of PRS reporting for UE-assisted DL-AoD positioning, a UE may be able to report the DL PRS RSRPs only for the associated PRS resources within a single set if the LMF provided association information to the UE.
One potential further enhancement for two-stage PRS beam sweeping is to reduce transmission overhead for PRSs, especially the second stage PRSs. It worths to study on-demand PRS (muting) framework for two-stage PRS and in particular look at ways to reduce the network overhead to minimize unnecessary PRS transmissions.
Proposal 8: Support and study on-demand PRS framework for two-stage PRS beam sweeping.  
Expected Angle of Departure 
 Regarding the support of an expected uncertainty window for better AoD measurements, the necessity was identified at RAN1 #104bis-e meeting and the following agreement was made. It has been intensitvely discussed at RAN1 #106e meeting but RAN1 could not reach a consensus. From the FL summary [7], the consensus showed the clear necessity of either or both of the option1 and option 2 for DL-AoD measurements, so at least option 3 could be excluded. 
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
Indication of expected AoA and uncertainty to the UE can help UE to decide Rx beamforming in which direction it should receive DL PRS from TRPs. This information is more useful in DL-AoD method, as it can filter out NLOS paths with high RSRP value. 
Proposal 9: Support 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.
In the case of UE-based mode we also see that there can be some benefit for the LMF to tell the UE the expected DL-AoD (e.g., approximately what the UE should compute as the DL-AoD). Then the UE may be able to determine NLOS status, or other larger error, if the calculated DL-AoD is far from the expected value. 
Proposal 10: For UE-based mode, support 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. 
Proposal 11: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs in on-demand PRS framework.
See our companion paper [6] for more discussion of this issue related to on-demand PRS. 
Beam Offset Errors
One of the main objectives of the Rel-17 work on positioning enhancements is to improve the accuracy of the RAT-dependent positioning methods. One technique that was agreed to be improved is downlink angle of departure (DL AoD). DL AoD-based positioning is sensitive to orientation uncertainties of the TRP beams. Specifically, each TRP introduces orientation errors in their beamed transmission, i.e. each beam is sent under an angle characterized by an error as depicted in Figure 3. For example, since beam alignment process works as selection of the best beam from a finite set of configurations, the TRP may provide limited beam resolution and each beam is characterized by an orientation uncertainty.
Then, when an LMF computes the location estimate of the UE using the DL-AoD method, these beam orientation errors affect the accuracy of the position estimation. If until recently these errors could be absorbed by the overall location error (i.e. Rel-16 allows errors in the meter range), in Rel-17 they are not negligible anymore. Consequently, the location management function or location server needs to evaluate and potentially compensate for these errors, e.g. estimate and cancel them or trigger compensation methods at the TRP, in order to obtain accurate UE position estimates. In Rel-16, the TRP signals the LMF with the azimuth and elevation angles per DL PRS resource. However, the exact method for the TRP to determine these azimuth and elevation angles is left undefined. As the DL PRS beam configuration should remain flexible and can change over time it is also possible that the beam orientation errors vary over time. 
[image: ] [image: ]
[bookmark: _Ref78833262][bookmark: _Ref78833349]Figure 3: Orientation errors for NR positioning.      		  Figure 4: Example geometry of beam orientation.
To further illustrate the problem, assume the scenario depicted in the Figure 4. The TRP is located at known position [a, b] and the UE at unknown location [x,y]. The distance between the TRP and the UE is d. The ideal AoD at the gNB is g, i.e. if the beam would be perfectly tuned to the AoD g. Due to the beam offset error e however, in reality, the AoD is (g+e). The LMF computes the estimated positions  using the distance d and the ideal AoD, i.e. what the gNB believes the AoD should be as . However, the actual position is since the actual AoD is in fact (g+e). The Euclidian distance between the actual and the estimated location, i.e. measures the position error due to the beam offset error  and it is . An example of how the beam error  impacts the position error is given in Figure 5, for a distance d = 30 m.
[image: ]
[bookmark: _Ref78833434]Figure 5: Positioning error as a function of beam offset.
As Figure 5 shows, even if the beam offset is the sole error source, a small beam offset or orientation error would cause 10-40 cm of positioning error. This clearly is not acceptable for meeting high accuracy use cases which are proned to errors stemming not only for beam offsets. 
Observation 5: DL-AoD cannot meet the positioning requirements without correcting for beam orientation errors. 
Proposal 12: RAN1 to study beam orientation errors and potential correction mechanisms in order to improve the positioning accuracy achievable with DL-AoD. Including:
· UE-based positioning: the beam offset (BO) could be signaled to the UE, as either an indicator, e.g. low/medium/high, each specifying an error range or as a specific value computed by the network
· UE-assisted positioning: LMF should be aware of the BO and compensate it when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO beam re-tuning is needed. The BO correction may be explicitly signalled to the TRP by the LMF; alternatively, the LMF may send a Boolean indication that a BO recomputation and adjustement is needed.
· UE measurement reports to facilitate BO identification and potential correction. 

During RAN1#104-e the following agreement was reach on reference devices: 
Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI
In addition to the above functionalities, a reference device should also support measurements to enable the LMF to detect and correct for beam offset errors for one or more beamed PRS of one or more TRPs. Specifically, the network may designate one or more reference devices to perform measuremets of the beamed PRS from one or more TRPs and use the reported measurements to compute TRP beam offsets. In addition to the beam orientation/position measurements, the reference device may be configured to reports its own location acquired via non-RAT based methods. e.g. via GNSS or fixed location. To enable the beam correction via a reference device, the LMF should request the designated reference device to measure beamed PRS of selected TRPs and report at least the following:
· Own non-RAT based location estimation and optionally a level of trust of said estimate, e.g. uncertainty.
· Beamed PRS measurements such as, TOA, RSTD, RSRP, for one or more detected multipath components, and if specified LOS related parameters . 

The LMF may use the above reports to estimate a BO value per TRP beam, or to detect whether there is a BO as observed by the reference device(s). The estimated BO per beam, or the BO indication per beam may then be sent to the TRPs, for the latter to apply the corrections. In addition or alternatively, the LMF may use the estimated BO to correct the position estimates of other UEs being localized via the problematic beams. For the particular case of UE-based positioning, the BO per beam may be explicitly signalled via the LPP assistance data.At RAN1#105 it was determined to use positioning reference unit (PRU) as a placeholder for reference device discussion.
Proposal 13: RAN1 to specify support for enabling a PRU to support configuration by the network to help with beam offset estimation, among other parameters. In particular, RAN1 should investigate methods and signaling required to enable the selected reference device to ability of reference device to determine beam offset errors are present. 
Conclusion
We made the following observations and proposals in this paper: 
Observation 1: In the presence of NLoS, the strongest path may not necessarily correspond to the first arrival/shortest path.
Observation 2: To enhance positioning accuracy in the presence of different NLoS, it is beneficial to report multiple PRS resources each associated with time of arrival information.
Proposal 1: For DL-AoD support reporting of multiple PRS resources per PRS resource set, with each resource being associated with time of arrival information or RSTD.
Proposal 2: The measured first-path PRS RSRP corresponds to the power of the channel impulse response, at the first path delay, over which the DL PRS is received.
· Note: the first path delay is independent of sampling grid.
· Note: the first path delay is the channel tap where the UE measures ToA for reporting of the RSRP of the first path
· FFS: window/time-duration around the first path (e.g., size of 1 Ts) to calculate power
Proposal 3: For UE-A DL AoD,
· The maximum number of DL PRS RSRP measurements per TRP that can be reported is [N=16]
· The maximum number of DL PRS RSRP associated with the same Rx beam index is [8].
· The maximum number of the measurements for the RSRP for the first path per TRP that can be reported is the same as the maximum number of DL PRS RSRP measurements per TRP that can be reported.
Proposal 4: Support option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP.
Proposal 5: Do not support the explicit identification of adjacent beams. 
Observation 4: The current specification has insufficient support for two stage beam sweeping. 
Proposal 6: LMF provides in the assistance data association information between two PRS resources where the two PRS resources are in different PRS resource set.
Proposal 7: For the overhead reduction of PRS reporting for UE-assisted DL-AoD positioning, a UE may be able to report the DL PRS RSRPs only for the associated PRS resources within a single set if the LMF provided association information to the UE.
Proposal 8: Support and study on-demand PRS framework for two-stage PRS beam sweeping.  
Proposal 9: Support 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.
Proposal 10: For UE-based mode, support 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. 
Proposal 11: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs in on-demand PRS framework.
Observation 5: DL-AoD cannot meet the positioning requirements without correcting for beam orientation errors. 
Proposal 12: RAN1 to study beam orientation errors and potential correction mechanisms in order to improve the positioning accuracy achievable with DL-AoD. Including:
· UE-based positioning: the beam offset (BO) could be signaled to the UE, as either an indicator, e.g. low/medium/high, each specifying an error range or as a specific value computed by the network
· UE-assisted positioning: LMF should be aware of the BO and compensate it when computing the position estimate.
· Signaling aspects: 
· LMF signals to TRPs that a BO beam re-tuning is needed. The BO correction may be explicitly signalled to the TRP by the LMF; alternatively, the LMF may send a Boolean indication that a BO recomputation and adjustement is needed.
· UE measurement reports to facilitate BO identification and potential correction. 
Proposal 13: RAN1 to specify support for enabling a PRU to support configuration by the network to help with beam offset estimation, among other parameters. In particular, RAN1 should investigate methods and signaling required to enable the selected reference device to ability of reference device to determine beam offset errors are present. 
References
[1] RP-210903, Revised WID on NR Positioning Enhancements, CATT, Intel Corporation, Ericsson. 
[2] R1-2109363, Views on on mitigating UE and gNB Rx/Tx timing errors, Nokia, Nokia Shanghai Bell.
[3] R1-2109364, Views on enhancing UL AoA, Nokia, Nokia Shanghai Bell.  
[4] R1-2109366, Views on PHY Latency Reductions, Nokia, Nokia Shanghai Bell.  
[5] R1-2109367, Views on LoS/NLoS Identification and Mitigation, Nokia, Nokia Shanghai Bell.  
[6] R1-2109368, Additional views on Inactive Mode Positioning and on-demand PRS, Nokia, Nokia Shanghai Bell.  
[7] R1-2108623, FL summary #4 for AI 8.5.3 Accuracy improvements for DL-AoD positioning.


Nokia internal use

image1.png




image2.png
@, = orientation error of the
TX beam

gN\BI

UE

gNBk




image3.png




image4.emf
0 2 4 6 8 10 12 14 16 18 20

Beam offset [deg]

0.2

0.4

2

4

6

8

10

P

o

s

i

t

i

o

n

 

e

r

r

o

r

 

[

m

]

Position error as a function of beam offset for a TRP-UE distance of 30 m

X 8

Y 4.185

X 0.2

Y 0.1047

X 0.8

Y 0.4189


