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Introduction
In this paper, we discuss the potential enhancements on DL-AoD positioning for the Rel-17 positioning enhancement WI [1].

DL-AoD angle search window
In RAN1#104bis-e, we reached the agreement regarding DL-AoD angle search window.
	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



Three Options were listed, with expected DL-AoD, expected DL-AoA, and no support of any enhancement. In our view, as DL-AoD positioning requires the same Rx beam reception so that the RSRP (or path RSRP) difference corresponds to the deviation between Tx beam direction and the actual AoD direction.
To support this, Rel-16 adopted a spec transparent way of configuring SSB-PRS-PRS QCL-TypeD, and the enhancement on the reporting of the Rx beam index by the UE. However, which Rx beam should be used is not specified or optimized. Normally it would require UE to perform Rx beam sweeping or train the Rx beam for the ultimate source SSB (based on existing RRM).
For IIoT case in Rel-17, the UE may not be inside a mobile phone, but could be on an AGV, a robotic arm, etc, which can have its orientation/bearing information. The incoming angle information defined in GCS can be transformed to the LCS by the device to properly form the Rx beam.
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Figure 1 Rx beam selection based on DL-AoD angle search window
This can effectively reduce the PRS measurement period in case the number of the BS stations is small, e.g. 3 or 4, while in Rel-16, RAN4 assumed that UE needs to perform up to 8 Rx beam sweeping. In addition, the angle information can also help UE identify which panel to receive the corresponding PRS.
Observation 1: To assist UE to perform the Rx beamforming and select the Rx panel, providing DL-AoD angle search window is beneficial.

Regarding how LMF set the window, it can be either based on UE location derived from CID/E-CID, or based on best effort estimate of the UE location with other positioning methods, as shown in Figure 2.
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[bookmark: _Ref70459196]Figure 2 Illustration of Expected DL-AoA/DL-AoD based on the coarse UE location

The use of DL-AoA/ZoA and DL-AoD/ZoD can be equivalent, given that we have


However, the angle information is for the purpose of UE selecting the Rx beam, and using the angle from UE perspective is rather straightforward, and thus we prefer to adopt Option 2.
The expected DL-AoA/ZoA can also be beneficial to reduce to UE Rx beam sweeping and strengthen the LOS path for DL-TDOA and Multi-RTT methods, since from LMF perspective, DL-AoA/ZoA maps to the LOS direction, and UE Rx beamforming will be used to strengthen the LOS path power for a better timing based methods.
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[bookmark: _Ref71359816]Figure 3 CIR observed in 100MHz bandwidth compared against the true CIR: (a) without Rx beamforming, (b) with Rx beamforming

Figure 3 shows a comparison between the CIR without Rx beamforming and with Rx beamforming (having the correct expected angle of arrival), where the following assumptions in Table 1 are made. It can be observed that due to every close NLOS paths to the LOS path, the peak of the 100MHz CIR without beamforming is biased by approximately 1ns prior to the desired TOA, while that with beamforming is quite aligned. The 1ns TOA error will convert to 0.3 metres accuracy loss, making reaching the 0.2/0.5m@90% target extremely difficult.
[bookmark: _Ref71360641]Table 1 Evaluation assumptions for Rx beamforming
	Parameters
	Values

	Channel model
	CDL-D 5ns

	Number of Rx
	Non-beamformed: 1
Beamformed: 4x1

	Nominal delay
	150ns



Proposal 1: Support 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]
Note: This is also applicable to DL-TDOA and Multi-RTT methods.

Adjacent beams
In RAN1#104bis-e [2], we made the following agreement regarding adjacent beams.
	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  



During Rel-16, the PRS resource-level priority was discussed, but eventually was not agreed. For DL-AoD, the priority rule between PRS resources within a resource set can be defined, so that it allows the LMF to arrange the sequence of PRS resources in a resource set, in which case UE will be able to measure the prioritized PRS resources. The prioritized resources can be selected by the LMF so that they are “adjacent beams” to the “main” PRS resource that points to the UE location.
Proposal 2: Define PRS resource-level priority for the purpose of e.g. utilization of adjacent beams.
Note: This is also applicable to DL-TDOA and Multi-RTT positioning methods.
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Figure 4 Example of setting PRS resource ID based on PRS resource level priority 

Path power reporting
In RAN1#104-e [3], we made the following agreement on path-specific power reporting.
	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.



For Option 1, this should be an obvious enhancement that clearly shows accuracy benefit, as only the angle of the LOS path can map to a valid UE location.
For Option 2 and Option 4, this would require coherent transmission/reception of multiple PRS resources, with phase continuity maintained. We think that this can be possible for the PRS transmission and reception on consecutive symbols within a slot. Between Option 2 and Option 4, we think Option 4 is more aligned with the current DL-AoD framework where each PRS resource is virtualized with a Tx beam coefficient that has its boresight angle, while Option 2 changes the fundamental assumption of PRS virtualization scheme. In this sense, we believe that support of Option 4 should be prioritized over Option 2. Meanwhile, support of Option 2 may also have impact on the PRS beam/antenna pattern discussed in section 5 of the paper.
For Option 3, it was clarified in the email discussion that the TOA of the first path was more of an intra-TRP TDOA. For this case, we do not think the “first path” is the correct term to use, but rather view it as a multi-path propagation scenario, where the “global additional path” may be observed as the “first path” for a given Tx beam (PRS resource). Similar to what we proposed in [4], for multi-path AoD, apart from the path-specific power reporting, the relative path delay can also be reported.
For Option 5, this can be regarded as combination of Option 1 + Option 4 with amplitude + phase versus I/Q part.
So among the five options, we suggest to support Option 1.
Proposal 3:  Support the following Options for enhancing DL-AoD.
Option 1: Information corresponds to PRS-RSRP of the first arriving path.
Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path.
· This should target multiple PRS resources transmitted on consecutive symbols within a slot.
Note: Option 3 (Information corresponds to the arrival time of the first path) can be discussed in the multi-path enhancements.
Note: Option 2 (Information corresponds to the angle of departure of the first arriving path) can be treated with lower priority and discussed along with DL-AOD angle calculation enhancement.

Regarding the determination of the first path, our understanding is there should be a rule in general to select the same path across multiple resources, not particularly for the first one. In the example shown in Figure 4, there are two paths in the environment, showing different relative power under different PRS resources (different beams). Due to the transmission timing alignment from the TRP, the same path under different beam is supposedly to have the same TOA in the CIR, but under some criterion of selecting the first path, UE may report P01, P10, and P20 as the “first path” observed in PRS resource #0, #1, and #2, respectively, as shown in Figure 4. Such a reporting will not help DL-AoD angle calculation at all, and will even cause error of angle calculation, as clearly the LOS path should not generate a high path power under PRS resource #0. 
To enable this, a TRP-specific (PRS resource common) path power measurement window can be introduced for the purpose of evaluating the PRS-RSRP of the first path, as shown in Figure 5. The window can be centered on the peak of the first path, and the window size can be selected to include the main lobe and optionally sidelobes from the first path.
[image: ]
[bookmark: _Ref67500392]Figure 5 Illustration of multipath under multi-beam transmission
In summary, we have the following proposal.
Proposal 4: Introduce a common path power measurement window across multiple PRS resources for a TRP, where the PRS-RSRP per path is evaluated based on the CIR within the window.
· The window is centered on the peak of the first path, and the window size can be set to include the main lobe and optionally the sidelobes of the first path.

Angle calculation enhancements
In RAN1#104-e, we made the following agreement on DL-AoD 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.



We think that the most straightforward way is to provide the gNB antenna element information to the LMF, similar to Rel-15 CSI framework where N1 and N2 are defined as the number of elements per horizontal and vertical dimension, respectively. For the polarization, we do not need to model it as currently polarization does not provide information over DL-AoD angle calculation.
In addition, the antenna element spacing is also useful for calculating the beam shapes, which can also allow a more flexible antenna deployment. Note that in CSI framework, there is no such need to configure the spacing, because the PMI feedback is purely DFT coefficients or combination of DFT coefficients, and UE need not be aware of angle-DFT coefficients mapping.
With the AoD/ZoD for each PRS resource specified in Rel-16, the LMF can model the beam shape of PRS resource  assuming using the DFT coefficients.

Where
 and  are the number of elements on the horizontal and vertical axis, respectively.
 and  are the ZoD and AoD for the PRS resource , represented in the local coordinate system of the gNB antenna panel.
 and  are the antenna element spacing on the horizontal and vertical axis, respectively.
The derived beam shape will be used for comparing against the RSRP measurements (per path) measured by the UE for DL-AoD angle calculation, e.g. based on the following optimization equation

Where


 is the reported RSRP for PRS resource 
 is the number of PRS resources in the reporting
Proposal 5:  For reporting gNB beam/antenna information, support the following elements
: The number of antenna elements along the horizontal axis
: The number of antenna elements along the vertical axis
: The antenna element spacing along the horizontal axis
: The antenna element spacing along the vertical axis

Conclusion
In this contribution, we have the following proposals regarding DL AoD enhancement in Rel-17.
Observation 1: To assist UE to perform the Rx beamforming and select the Rx panel, providing DL-AoD angle search window is beneficial.

Proposal 1: Support 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]
Note: This is also applicable to DL-TDOA and Multi-RTT methods.
Proposal 2: Define PRS resource-level priority for the purpose of e.g. utilization of adjacent beams.
Note: This is also applicable to DL-TDOA and Multi-RTT positioning methods.
Proposal 3:  Support the following Options for enhancing DL-AoD.
Option 1: Information corresponds to PRS-RSRP of the first arriving path.
Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path.
· This should target multiple PRS resources transmitted on consecutive symbols within a slot.
Note: Option 3 (Information corresponds to the arrival time of the first path) can be discussed in the multi-path enhancements.
Note: Option 2 (Information corresponds to the angle of departure of the first arriving path) can be treated with lower priority and discussed along with DL-AOD angle calculation enhancement.
Proposal 4: Introduce a common path power measurement window across multiple PRS resources for a TRP, where the PRS-RSRP per path is evaluated based on the CIR within the window.
· [bookmark: _GoBack]The window is centered on the peak of the first path, and the window size can be set to include the main lobe and optionally the sidelobes of the first path.
Proposal 5:  For reporting gNB beam/antenna information, support the following elements
: The number of antenna elements along the horizontal axis
: The number of antenna elements along the vertical axis
: The antenna element spacing along the horizontal axis
: The antenna element spacing along the vertical axis
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