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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
This contribution provides further proposals regarding enhancements for the UL AOA positioning solution, based on the agreements and proposals made during RAN1#104b-e.
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: _Toc71665112]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: _Toc71675633]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:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 




Coordinate system for AoA/ZoA uncertainty
The discussion on the coordinate system for the AoA/ZoA assistance information was left unresolved with two alternatives:

	· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication




From the gnodeB perspective, the coordinate system does not fundamentally change how the assistance data will be used. Either alternative would be suitable. From the LMFpoint of view, alt1 offer two advantage with respect to complexity. Alt2 puts all the coordinate translation effort  on the LMF, while for alt1 the translation is left to the gnodeB. Since the gnodeB can translate GCS to LCS if needed, the LMF should only have to provide the expected AoA/ZoA in GCS. Moreover, alt2 requires additional signalling to indicate the coordinate system used to send the UL AoA/ZoA assistance information. The overhead is of course minor, but the usefulness of the flexibility could be questioned. Therefore, it is proposed to support only GCS for AoA/ZoA assistance information. 

[bookmark: _Toc71675634]Only GCS is supported for AoA/ZoA assistance information indication

Further details on signalling for AoA/ZoA assistance information


During RAN1#104b-e, a question was raised by the Feature Lead (Q2-3) and it was concluded that further details on the signalling for AoA/ZoA assistance data could be discussed in RAN1 prior to forwarding the remaining work to RAN2/3. Regarding the details of the procedure for providing the expected AoA/ZoA and uncertainty window, we see 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: _Toc71675635]The gnodeB can signal that it requires an expected AoA/ZoA and uncertainty window
[bookmark: _Toc71675636]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: _Toc71665113]When the LMF sends the  expected AoA/ZoA and uncertainty window, the uncertainty window can be omitted by the LMF when the uncertainty spans the full angle range.
[bookmark: _Toc71675637]In the signalling of the AoA/ZoA uncertainty, the uncertainty ranges  ΔφAOA and ΔθAOA are optionally present 
Moreover, the agreement is not clear as to what to signal when a ULA type antenna is used. It should be clarified that only a 1-dimensional uncertainty window is necessary in that case, i.e. only the ZoA information is necessary.

[bookmark: _Toc71675638]In the signalling of the expected AoA/ZoA , the expected  φAOA is optionally present and θAOA is always present. 
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: _Toc71675639]The gnodeB can provide an update to the  uncertainty window as part of the measurement report. 
a. [bookmark: _Toc71675640]FFS: details on the update (e.g. window used by the gnodeB, indicator that the window was used).
[bookmark: _Toc71675641]Send an LS to RAN3 reflecting the NRPPa impact
2.3 path measurements for AoA
Definition of   path-specific RSRP
As explained in our companion contribution [1] The path specific RSRP should  be defined as the ratio of power for a given path  to the total RSRP, which is the total average power over all paths. Hence it is proposed to define the DL PRS RSRP path power ratio, relative to DL PRS RSRP. For additional path to the first path, a report relative to the first path DL PRS-PPR can be defined similar to the  relative RSRP currently used for additional measurement. 

Since DL-PRS RSRP is calculated over multiple instances of the received DL-PRS, the channel impulse response computed for each PRS instance should be normalized with DL PRS RSRP when computing the DL-PRS-PPR.

[bookmark: _Toc71675642]DL PRS path power ratio (DL PRS-PPR), is defined as the ratio of power of a path in the DL-PRS RSRP- normalized channel impulse response (CIR) divided by DL PRS RSRP. 
b. [bookmark: _Toc71675643]the CIR is normalized so that the integrated power of the CIR is equal to the DL PRS RSRP.
[bookmark: _Toc71675644]For additional path, a relative DL PRS-PPR defined as the relative difference in power ratio between an additional path and the first path. 
Path specific measurements in positioning methods
For both AoA and AoD, there is an interest in reporting first path RSRP (and additional paths). It should be noted that even for time-based methods such as UL TDOA, mRTT or ODTOA, the average RSRP is used as part of the path measurements. As it has been shown in simulations for AoD, path-RSRP provides a better accuracy. Average RSRP, currently being used, lumps all path (including non-line of sight paths) together and -  as mentioned in our AoD contribution [1]- the probability that the non-LOS path power exceeds the LOS power is not negligeable.  Moreover, the power of each path is already evaluated when gNB searches for the first path to compute RTOA or AoA or gNB RxTx.  Therefore, it is proposed to introduce it as part of the reporting across all methods.

[bookmark: _Toc68089919][bookmark: _Toc71675645]Include the path RSRP power ratio (DL PRS-PPR)  measurement report in the UL-AoA, UL RTOA and multi RTT alongside the existing measurements.
2.4 AoA reporting with the same time stamp 
The following was agreed in RAN1#104b-e
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.




One of the application to report multiple measurement is to resolve angular ambiguities which can arise depending on the antenna element spacing.  However, the current reporting message does not allow to identify clearly the purpose of the agreement. For example,  whether each measurement value with the same time stamp is based on the same SRS resource, or received by the same Rx beam. During the discussion, resolving angular ambiguity was one of the use cases. However the feature could be use for other cases as well, such as sending measurements corresponding to different SRS or Rx TEGs. Further agreements are thus necessary to either clarify gNB behaviour or add additional signalling.

[bookmark: _Toc71675646]When the gNB reports multiple measurement associated with the first arrival path and corresponding with the same time stamp:
i. [bookmark: _Toc71675647]Option 1: the gNB is expected to only use multiple measurements to report angular ambiguity
ii. [bookmark: _Toc71675648]Option 2: the gNB can provide additional details to differentiate the measurements
· [bookmark: _Toc71675649]FFS additional details including  e.g. SRS resource ID, TRP Rx TEG, etc. 
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	When the LMF sends the  expected AoA/ZoA and uncertainty window, the uncertainty window can be omitted by the LMF when the uncertainty spans the full angle range.
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	Only GCS is supported for AoA/ZoA assistance information indication
Proposal 3	The gnodeB can signal that it requires an expected AoA/ZoA and uncertainty window
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	In the signalling of the AoA/ZoA uncertainty, the uncertainty ranges  ΔφAOA and ΔθAOA are optionally present
Proposal 6	In the signalling of the expected AoA/ZoA , the expected  φAOA is optionally present and θAOA is always present.
Proposal 7	The gnodeB can provide an update to the  uncertainty window as part of the measurement report.
a.	FFS: details on the update (e.g. window used by the gnodeB, indicator that the window was used).
Proposal 8	Send an LS to RAN3 reflecting the NRPPa impact
Proposal 9	DL PRS path power ratio (DL PRS-PPR), is defined as the ratio of power of a path in the DL-PRS RSRP- normalized channel impulse response (CIR) divided by DL PRS RSRP.
a.	the CIR is normalized so that the integrated power of the CIR is equal to the DL PRS RSRP.
Proposal 10	For additional path, a relative DL PRS-PPR defined as the relative difference in power ratio between an additional path and the first path.
Proposal 11	Include the path RSRP power ratio (DL PRS-PPR)  measurement report in the UL-AoA, UL RTOA and multi RTT alongside the existing measurements.
Proposal 12	When the gNB reports multiple measurement associated with the first arrival path and corresponding with the same time stamp:
i.	Option 1: the gNB is expected to only use multiple measurements to report angular ambiguity
ii.	Option 2: the gNB can provide additional details to differentiate the measurements
-	FFS additional details including  e.g. SRS resource ID, TRP Rx TEG, etc.
[bookmark: _In-sequence_SDU_delivery]
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