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Introduction
In this paper, we discuss the remaining issues of DL AoD enhancements.

First path RSRP
In RAN1#106b-e, we made the following agreement with regards to path DL PRS RSRP definition [1].
	Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary



TOA reporting
For DL-AoD, there currently has no TOA reporting. To calculate the DL-AoD based on path RSRP, UE should ensure that the path RSRP in different PRS resources corresponds to the same path, which is why the restriction of same TOA for the multiple first path RSRP is required.
However, there was concern from companies that the PRS resources received in different occasions may experience time drift at UE, resulting in that even the same path may be received with different delay on different resources!
For the sake of progress, we think reporting the relative TOA for the first path between different PRS resource that is associated with its own first path PRS-RSRP would be a compromise solution to make the first path PRS-RSRP reporting work, although our preference is to leave it to UE implementation to ensure that the first path PRS-RSRP corresponds to the same path across multiple PRS resource for a TRP.
Observation 1: The first path PRS-RSRP only makes sense for DL-AoD positioning if the “first path” across multiple PRS resources corresponds to the same path.
Proposal 1: Adopt either one to ensure that network can be informed of whether the same path is used for the reported first path PRS-RSRP values across multiple PRS resources.
Alt.1 UE is expected to ensure that the first path PRS-RSRP corresponds to the same path by implementation.
Alt.2 UE shall report a reference PRS resource associated with the first path PRS-RSRP, and report the relative TOA of the first path for the remaining PRS resources that is associated with the first path PRS-RSRP
· The relative TOA of the first path for the remaining PRS resources is defined with respect to the TOA of the first path for the reference PRS resource.

Normalization
For the power normalization to DL PRS-RSRP, we think that it depends on whether RAN4 defines the relative requirement only or absolute and relative requirements both.
In most cases:
For DL-AoD, what matters is the relative power for the first path of a target PRS resource to that of a reference PRS resource (assuming the first path is the LOS path).
For multi-path reporting for DL-TDOA and Multi-RTT, what matters is the relative power of the additional paths to the first path.
The absolute power of path RSRP is only useful when it is used to map to a propagation loss of a path, or used for location based on path RSRP finger printing.
So from the current specified positioning methods that can be evaluated, the relative path RSRP would be sufficient.
Observation 2: The necessity of normalization to DL PRS RSRP should be on the basis of necessity of absolute requirement defined by RAN4, and relative positioning is sufficient to handle most cases.

If indeed normalization is needed, we could take the definition similar to the DL PRS-RSRP/UL SRS-RSRP in TS 38.215 [3] by the frequency domain method to ensure the normalization. Note that in TS 38.215 [3], the RSRP is average Rx EPRE, while for path RSRP, it could be the power of the average Rx complex response.
The relation between RSRP and path RSRP is similar to that between quadratic mean and arithmetic mean.
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One can prove that

And the condition of equality is when a single path is present at delay D, with that

This calls for the generic handling of path RSRP for any delay that the frequency response should be compensated as if the path delay is shifted to 0, prior to averaging on the complexity value in the frequency domain, and then taking the absolute power.
Proposal 2: If normalization is required, RAN1 can take the frequency domain averaging as the modification to the path RSRP definition.
Path RSRP of ith path delay is the power (in [W]) of the linear average of the ith path delay compensated channel response of the resource elements that carry reference signals.

Receiver diversity
When RSRP is defined, there is always special handling on the receiver diversity. The existing PRS-RSRP is always reported on the receiver branch that outputs the maximum PRS-RSRP. When it is extended to path RSRP, the existing reporting based on the maximum value across all Rx branches may not be quite useful.
For example,
If the path-RSRP is not measured with the same Rx branch for multiple DL PRS resources, the path RSRP may not be valid for deriving DL-AoD.
More generally, if the path-RSRP is extended to additional paths, all the path RSRPs associated with a DL-PRS resource ID should be derived based on the same Rx branch.
For DL-AoD, we think a simple way is to restrict the path RSRP to be corresponding to the Rx branch through which the PRS RSRP is reported.
Proposal 3:  For path DL PRS RSRP measurement reporting, when receiver diversity is in use, the reported path DL PRS RSRP shall be corresponding to the same Rx branch associated with the reported DL PRS RSRP.

DL-AoD angle calculation enhancements
In RAN1#106-e [2], we made the following agreement on DL-AoD angle calculation enhancement.
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· 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



We think that Option 2.2 offers a more generalized solution that matches the UE RSRP report. 
The restrictiveness of Option 2.1 is on the same normalization factor of the radiated power across the spatial domain for a single DL-PRS and across all DL-PRS resources of a TRP, but there is no such restriction for Option 2.2.
Due to the normalization, Option 2.1 reveals the gNB antenna element radiation pattern, while Option 2.2 does not.
The same normalization for all DL-PRS resource across the spatial domain may not be easy to obtain in the field. For example, the radiated power can be tested in multiple reception points, but the reception power relies on the pathloss that is associated with the distance between the PRS antenna reference point and the testing point.
For DL-AoD, UE is located at a certain angle and measures multiple PRS on that angle. UE reports the multiple RSRP (path RSRP) to the LMF, and LMF uses the beam information to find the angle whose resource-power pattern best matches the UE report, as shown in Figure 1. Option 2.1 anyway requires LMF to align radiated/receive power of multiple PRS resource on each angle, while Option 2.2 is aligned with the UE reporting, i.e. the information is provided on the dimension of resource-power for each angle.
Option 2.1 relies on regular sampling in the spatial domain to depict the beam shape for the main lobe of the PRS, while Option 2.2 can be implemented with rather random/flexible sampling in the spatial domain.
The overhead of Option 2.1 and Option 2.2 is also different, and Option 2.2 saves signaling bits compared with Option 2.1. We provide the analysis below.
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[bookmark: _Ref86914355]Figure 1 How LMF/UE calculates DL-AoD

Overhead analysis
We assume that
7 horizontally swept beams per TRP with 8x1 antenna elements covering 120 degrees
A single boresight direction per beam (half wavelength antenna spacing)
2D-beam pattern with 1 degree granularity within +/- 20 degree off the boresight direction for each beam
The beam response is using 5 bits to quantize.

The beam pattern on the horizontal plane is shown in Figure 2 with an 8dBi-gain gNB antenna model in TR 38.802.
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[bookmark: _Ref86423861]Figure 2 Beam response on the horizontal plane

The 3D beam pattern is shown in Figure 3 on selected angles (AoD/ZoD).
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[bookmark: _Ref86423923]Figure 3 3D beam response

For Option 2.1, the required bits can be calculated as follows:
There are 7 PRS resources with beam information
For each PRS resource with beam information, there are 40x40 entries.
For each entry, the ZoD/AoD will be represented by 8+9 bits assuming 1 degree quantization of angle, and the relative radiated power will be represented by 5 bits
The overall overhead is


For Option 2.2, the required bits can be calculated as follows:
There are 120x40 angle entries.
For each angle entries, there could be the associated ZoD/AoD and up to 4 PRS resource using the first sidelobe as shown in Figure 2.
For each PRS resource, the PRS resource ID can be represented using 6 bits and relative RSRP can be represented using 5 bits, except for the first one.
The overall overhead is


It can be seen that Option 2.2 can reduce the configuration overhead by 25%.
Observation 3: Option 2.2 can reduce the beam information overhead.
Beam configuration with multiple peaks, e.g. for the case of larger antenna spacing, represented via Option 2.1 will consume more overhead, since the radiated power in each peak will be described while Option 2.2 does not change the overhead significantly since it selects PRS resources in each angle, instead of the other way around.

In summary, we also make the comparison between Option 2.1 and Option 2.2 in the following table.
	Option 2.1
	Option 2.2

	Peak power difference between PRS resources required.
	The peak power on each angle is the reference power, and there is no requirement to know the peak power difference between PRS resources

	gNB antenna radiation pattern revealed
	gNB antenna radiation pattern concealed.

	Not easy to collect data in the real field
	Use of PRU can easily collect data.

	The angle entries for each PRS resource should be regularly sampled.
	The angle entries can be flexibly/non-uniformly sampled in space.

	LMF needs to convert the beam pattern to Option 2.2 representation to match the UE RSRP reporting.
	Option 2.2 is directly matched with UE RSRP reporting.

	Large overhead for beam pattern
	25% overhead reduction compared with Option 2.1.

	More overhead if multi-peak beam deployed.
	No overhead increase for multi-peak beam pattern.



Based on the discussion, we have the following proposal.
Proposal 4:  For DL-AoD angle calculation enhancements, the gNB reports the quantized version of the relative power between PRS resources per angle per TRP.
The quantized relative power follows the mapping of differential RSRP.

Adjacent beams for DL-AoD
For adjacent beam indication of DL-AoD, we think providing the associated subset of each PRS is sufficient that does not reveal the TRP implementation and provide the guidance on how UE should manage the measurement report.
For UE assisted positioning, network would expect something “predictable” from the UE, since the behaviour is considered beneficial from network perspective. The subset indication is not mandating UE to do anything, but can be considered as network recommendation on the selection of RSRP reporting for DL-AoD.
Providing only boresight information leaves everything with UE implementation, with a potential risk of disclosing gNB beam implementation without any specification impact on the UE. Companies may argue that network should trust UE on the choice, however, if boresight direction is to be provided to the UE, it would also require UE to prepare for any potential boresight combinations between different PRS resources from a TRP, which complicates the whole procedure of determining the “adjacent beam”.
Third, providing the boresight direction information restricts the gNB beam implementation. For example, linear array, differential beam coefficients, multi-peak beam coefficients (larger antenna spacing), etc. cannot be represented. It was also argued in DL-AoD angle calculation enhancements that the DFT beam would be restrictive, which is also valid here.
Based on the above reasoning, we have the following proposal.
Proposal 5:  For UE-assisted DL-AoD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource.
Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
Note: This does not imply any restriction on UE measurement.

Conclusion
In this contribution, we have the following observations and proposals regarding DL-AoD enhancement in Rel-17.
Observation 1: The first path PRS-RSRP only makes sense for DL-AoD positioning if the “first path” across multiple PRS resources corresponds to the same path.
Observation 2: The necessity of normalization to DL PRS RSRP should be on the basis of necessity of absolute requirement defined by RAN4, and relative positioning is sufficient to handle most cases.
Observation 3: Option 2.2 can reduce the beam information overhead.
Proposal 1: Adopt either one to ensure that network can be informed of whether the same path is used for the reported first path PRS-RSRP values across multiple PRS resources.
Alt.1 UE is expected to ensure that the first path PRS-RSRP corresponds to the same path by implementation.
Alt.2 UE shall report a reference PRS resource associated with the first path PRS-RSRP, and report the relative TOA of the first path for the remaining PRS resources that is associated with the first path PRS-RSRP
· The relative TOA of the first path for the remaining PRS resources is defined with respect to the TOA of the first path for the reference PRS resource.
Proposal 2: If normalization is required, RAN1 can take the frequency domain averaging as the modification to the path RSRP definition.
Path RSRP of ith path delay is the power (in [W]) of the linear average of the ith path delay compensated channel response of the resource elements that carry reference signals.
Proposal 3:  For path DL PRS RSRP measurement reporting, when receiver diversity is in use, the reported path DL PRS RSRP shall be corresponding to the same Rx branch associated with the reported DL PRS RSRP.
Proposal 4:  For DL-AoD angle calculation enhancements, the gNB reports the quantized version of the relative power between PRS resources per angle per TRP.
The quantized relative power follows the mapping of differential RSRP.
Proposal 5:  For UE-assisted DL-AoD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource.
Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
Note: This does not imply any restriction on UE measurement.
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