Page 4
Draft prETS 300 ???: Month YYYY
 
3GPP TSG-RAN WG1 Meeting #104bis-e	R1-2103736
e-Meeting, April 12th – 20th, 2021
Agenda Item:	8.5.2
Source:	Ericsson
Title:	Enhancements of UL-AoA positioning solutions
Document for:	Discussion, Decision
1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
2 [bookmark: _Ref7792543][bookmark: _Ref7598514] Accuracy improvements 
2.1  Doppler reporting and UL-AoA
[image: Diagram

Description automatically generated]The UL-AoA of signals from a moving UE can be estimated from the measured doppler shift and the UE velocity vector. Since such estimate is independent of other methods for UL-AoA estimation it can be valuable in an information fusion context.Figure 1 An illustration depicting AoA relation


As shown in the Fig.1, for simplicity sake shown in 2-D, an uplink SRS has an arrival angle  at the TRP. The UE is moving with a velocity . The TRP can estimate the angle of arrival from the following expression,

Above,  is the Doppler frequency,  is the wavelength corresponding to the transmitted carrier frequency and  is the velocity of the UE. 

[bookmark: _Toc68639102]Angle of arrival of UL-SRS transmitted by a UE at TRP can be estimated if the velocity of the UE and carrier frequency is known.
[bookmark: _Toc68639091]For estimating AoA at TRPs, velocity of the UE should be reported to the network. 

2.2 Assistance Data to facilitate UL measurements of UL-AoA
During RAN1#104b the following was agreed:

	Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA




The discussion on the reference angle of expected AoA/ZoA did not converge during the meeting and was left FFS. From the gnodeB perspective, the reference angle of the expected AoA depends on the coordinate system  (either global coordinates (GCS) or local coordinates (LCS) can be used). Since the gnodeB can translate GCS to LCS if needed, the LMF should only have to provide the expected AoA/ZoA in GCS. 
 
Regarding the details of the procedure for providing the expected AoA/ZoA and uncertainty window, there are two aspects to be discussed:
· Whether the gnodeB should always expect the expected AoA/ZoA and uncertainty window  to be transmitted
· Whether the gnodeB needs to receive the expected AoA/ZoA and uncertainty window   every time the SRS is requested to be measured/reported, or if it should receive it only for the first measurement/report. 

Both issues are suitable for RAN3 discussions. For UL-RTOA, the time window is signalled to the gnodeB as part of the configuration information sent in the first measurement request and can also be updated by the LMF via measurement update messages. In the same fashion, we propose that the expected angle window may also be updated by the LMF.  
Since the gnodeB may not require this signalling, it is important that the LMF knows in advance whether the gnodeB should receive expected AoA/ZoA and uncertainty window. Therefore, we also propose that the gnodeB may send as part of the initial steps of the AoA procedures (e.g. when transmitting SRS configurations) that it will require the expected AoA/ZoA and uncertainty window. 

[bookmark: _Toc68639092]The gnodeB can signal that it requires an expected AoA/ZoA and uncertainty window

[bookmark: _Toc68639093]The  expected AoA/ZoA and uncertainty window is provided by the LMF to the gnodeB in GCS.  
[bookmark: _Toc68639094]The gnodeB can be (optionally) provided with the expected AoA/ZoA and uncertainty window during initial LMF measurement request message, as part of the SRS configuration. The LMF can also provide (optional) updates on the expected AoA/ZoA and uncertainty window as part of the measurement update message.  RAN3 can discuss the details of the request procedure .

Sending a measurement window is prevalent in timing-based measurements. In timing measurements, the true value of the time to be measured lies within useful bounded interval. However, for angle measurements, the true measurement due to the nature of scattering may be random and distributed over the whole range from 0 to 360 degrees. Therefore, we propose that the LMF may only signal the expected AoA without the uncertainty window when the window would span 360 degrees.   

[bookmark: _Toc68639095]When the LMF sends the  expected AoA/ZoA and uncertainty window, the uncertainty window can be omitted by the gNB. 


Additionally, it is important that the procedure allows the gNodeB to respond to the LMF to correct the angle window. Clearly, the measured AoA allows to correct the expected AoA.  Similarly, it should be possible for the gnodeB to correct the uncertainty window.  The LMF could have an erroneous view of the possible angle of arrival, and provide a wrong window center or a wrong window size.  

 For the uncertainty window, the following feedback is useful to the LMF:
· Whether the gnodeB could use the window or if it was too off-mark
· What window, if any, was used by the gnodeB

[bookmark: _Toc68639096]The gnodeB can provide an update to the  uncertainty window as part of the measurement report. 
0. [bookmark: _Toc68639097]FFS: details on the update (e.g. window used by the gnodeB, indicator that the window was used).


[bookmark: _Toc68639098]Send an LS to RAN3 reflecting the NRPPa impact


2.3 Reporting enhancements for a linear array antenna
During RAN1#104b the following was agreed:

	Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study



As mentioned during RAN1#104e in [1], in a ULA, the AoA report can only provide a meaningful measurement in one dimension. Since the antenna is a ULA, elevation information is not available. Based on RSRP and the measured AoA, the gnodeB can only report a cone of uncertainty for the UE location, centered along the antenna axis.  

Both of the options proposed in RAN1#104e would be suitable, as long as the LMF knows that the geometry of the measuring antenna is ULA. In option 1, nodeB will translate the ULA angle measurement into a AoA/ZoA (translating Beta into a alpha/gamma pair) which in turn will be transmitted to the LMF. However, the network gnodeB should  also signal to the LMF that the measurement originates from an ULA-based measurement so that the LMF can consider the “cone of uncertainty” for the measurement. In option 2, the measurement is already using the nodeB Antenna as the reference  z-axis. However the LMF needs to translate it back to GCS in order to fuse all the measurements from different gnodeBs. Moreover, the measurement report needs to be re-defined to only feature the ZoA.  Therefore, since the two options seem to have the same complexity for the network, we prefer option 1, which does not have impact on the measurement report format. The only additional required information is that the LMF should know the antenna is of the ULA type. 

[bookmark: _Toc68639099]When the gNodeB antenna is a uniform linear array antenna,  gNB reports UL-AOA measurements which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system (Option 1 in RAN1#104e).

2.4 Reporting enhancements for additional paths 
During RAN1#104b the following was agreed:

	

Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 






Information of the UL-AOA (AoA/ZoA) for other paths than the first path can also improve positioning accuracy. Especially in controlled environments like industry halls can ray tracing and/or machine learning algorithms utilize such information for positioning purposes. We therefore support reporting of UL-AOA measurements for additional paths. Since additional paths are more useful for such purposes the stronger they are, we propose that the gnodeB should report the strongest detected paths as additional paths.  As this is a gNodeB measurement, many paths could be reported.

[bookmark: _Toc68639103]signalling from gnodeB could allow for large number of paths.  

The benefit of reporting more than 1 UL-AoA measurement for the first arrival path is that the gnodeB can report AoA for different SRS resources and different receiving beams or antenna pannels.  For additional paths to be useful, there must always be an initial path measured. Therefore, the number N of values per additional path cannot exceed the number M of values for the first arrival path.  

[bookmark: _Toc68639100]Support reporting multiple AoA measurement per path (first or additional ) within one time stamp
[bookmark: _Toc68639101]The maximum number of measurement per path is the same for first and additional path. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	Angle of arrival of UL-SRS transmitted by a UE at TRP can be estimated if the velocity of the UE and carrier frequency is known.
Observation 2	signalling from gnodeB could allow for large number of paths.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For estimating AoA at TRPs, velocity of the UE should be reported to the network.
Proposal 2	The gnodeB can signal that it requires an expected AoA/ZoA and uncertainty window
Proposal 3	The  expected AoA/ZoA and uncertainty window is provided by the LMF to the gnodeB in GCS.
Proposal 4	The gnodeB can be (optionally) provided with the expected AoA/ZoA and uncertainty window during initial LMF measurement request message, as part of the SRS configuration. The LMF can also provide (optional) updates on the expected AoA/ZoA and uncertainty window as part of the measurement update message.  RAN3 can discuss the details of the request procedure .
Proposal 5	When the LMF sends the  expected AoA/ZoA and uncertainty window, the uncertainty window can be omitted by the gNB.
Proposal 6	The gnodeB can provide an update to the  uncertainty window as part of the measurement report.
.	FFS: details on the update (e.g. window used by the gnodeB, indicator that the window was used).
Proposal 7	Send an LS to RAN3 reflecting the NRPPa impact
Proposal 8	When the gNodeB antenna is a uniform linear array antenna,  gNB reports UL-AOA measurements which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system (Option 1 in RAN1#104e).
Proposal 9	Support reporting multiple AoA measurement per path (first or additional ) within one time stamp
Proposal 10	The maximum number of measurement per path is the same for first and additional path.
[bookmark: _In-sequence_SDU_delivery]
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