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Introduction
The RAN WG1 agreed to support the DL-AOD enhancements including the first path DL PRS-RSRPP reporting, TRP beam/antenna assistance information sharing, and the DL-AOD/DL-AOA expected value and uncertainty range definition assistance information signaling. 
In this contribution we provide our view on the remaining details for the first path DL PRS-RSRPP measurement reporting, DL-AOD/DL-AOA definition, and the TRP beam/antenna information reporting. 

Accuracy Improvements for DL-AOD Positioning Solutions
[bookmark: _Hlk53490318]DL PRS-RSRPP First Path Reporting
The DL PRS-RSRPP of the first path measurement and reporting for both UE-based and UE-assisted DL-AOD positioning was discussed at the RAN WG1#105e meeting and the following agreement has been captured in the chairman’s notes, [1]:
	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, the definition of the DL PRS-RSRPP for the ith path delay was discussed at the RAN WG1#106b-e meeting and the following agreement has been captured in the chairman’s notes, [2]:
	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



Two aspects were left for further study, including the normalization condition for the DL PRS-RSRPP measurement and the necessity of introduction for the ith path delay definition. The corresponding LS has been sent to the RAN WG4 with the request to provide the feedback on the DL PRS-RSRPP definition if any. 

RAN WG1 received the incoming LS from RAN WG4 with the following feedback, [3]:
	The PRS-RSRPP can be reported in ways below:
•	RAN4 understands that PRS-RSRPP should be defined as the path RSRP per RE, in the same way PRS-RSRP is defined as power per RE. RAN4 respectfully asks RAN1 to confirm if this understanding is correct.
•	PRS-RSRPP may be reported by reusing absolute and differential PRS-RSRP measurement report mapping tables in TS38.133 clause 10.1.24.3.1 and 10.1.24.3.2 respectively.
•	When differential reporting is used, PRS-RSRPP is reported as the difference in dB with respect to a reference measurement. RAN4 understands that it is up to RAN1/2 to decide what reference measurement would be for the PRS-RSRPP differential reporting.
RAN4 concludes that these ways are possible to support PRS-RSRPP in Rel-17.
To RAN WG1 & WG2 group.
ACTION: RAN4 kindly requests RAN1/2 to take the above information into consideration in the further specification work, and respectfully asks to inform RAN4 if RAN1/2 finds any issue or update for RAN4 understanding.



According to RAN4, the DL PRS-RSRPP can be reported by reusing the absolute and differential measurement report defined in the TS 38.133 Tables 10.1.24.3.1 and 10.1.24.3.2, respectively, for the DL PRS-RSRP, [4].
If the differential reporting is used, then the DL PRS-RSRPP is reported as a difference in dB scale with respect to a reference measurement. The choice of the reference measurement is left up to RAN1/2 decision. 
In addition, RAN4 asks RAN1 to confirm their understanding, that the DL PRS-RSRPP is defined as a path RSRP per RE. 

In this contribution, we provide further details on the DL PRS-RSRPP definition and clarify the questions received from RAN4. 

The DL PRS-RSRPP can be reported reusing the absolute and differential approach adopted for the DL PRS-RSRP. The absolute DL PRS-RSRP values can be reported in the range from -156 dBm to -31 dBm with a 1 dB resolution with the 127 possible values in total. 
The reporting range of the differential DL PRS-RSRP is defined from -30 dB to 0 dB with 1dB resolution when the nr-DL-AoD-RequestLocationInformation message is received with the 31 possible values in total. The differential reporting allows to sufficiently reduce the dynamic range and the associated overhead compared to the absolute values reporting. 

With respect to the first path DL PRS-RSRPP reporting, we propose to consider two options.
Option 1:
In option 1, if the DL PRS-RSRPP of the first path is reported only, then the DL PRS-RSRPP of the first path is reported using the absolute values in the range (-156 dBm, -31 dBm). 
Option 2:
In option 2, if both DL PRS-RSRP and DL PRS-RSRPP of the first path are reported, then the DL PRS-RSRP is reported using the absolute values in the range (-156 dBm, -31 dBm) and the DL PRS-RSRPP of the first path is reported using the differential values in the range (-30 dB, 0 dB), where the DL PRS-RSRP is selected as a reference measurement. 

Based on the provided considerations, we have the following proposal:


For both UE-based and UE-assisted DL-AOD positioning, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the DL PRS-RSRPP of the first path using the following RX diversity options:
Option 1: if the DL PRS-RSRPP of the first path is reported only, then the DL PRS-RSRPP of the first path is reported using the absolute values
Option 2: if both DL PRS-RSRP and DL PRS-RSRPP of the first path are reported, then the DL PRS-RSRP is reported using the absolute values and the DL PRS-RSRPP of the first path is reported using the differential values, where the DL PRS-RSRP is selected as a reference measurement
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution

In addition, we would like to confirm RAN4’s understanding, that the DL PRS-RSRPP is defined per path and per RE. 


Confirm RAN4 understanding that the DL PRS-RSRPP is defined per path and per RE

DL-AOD/ZOD and DL-AOA/ZOA Definition
The expected value and uncertainty range assistance information signaling for the DL-AOD/ZOD and DL-AOA/ZOA were discussed at the RAN WG1#107e meeting and the following agreement has been captured in the chairman’s notes, [5]:
	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, the following is supported 
· Indication of expected angle value and uncertainty (of the expected azimuth and zenith angle value) range(s) is signaled by the LMF to the UE
· The type of expected angle and uncertainty can be requested by the UE, between 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
· 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



It was agreed that the expected angle value and uncertainty range can be indicated by the LMF to the UE. The type of expected value and range can be requested by the UE, selecting between DL-AOD/ZOD and DL-AOA/ZOA options. 
It should be noted that the assistance information formats for both DL-AOD/ZOD and DL-AOA/ZOA are not defined. Moreover, it is not clear how the DL-AOA/ZOA is introduced since the UE may have unknown antenna orientation in space and therefore its coordinate system is not defined. 

In this contribution we propose the format for the expected value and uncertainty range for the DL-AOD/ZOD and DL-AOA/ZOA signaling. 
In case of the Positioning Reference Unit (PRU), we propose to introduce DL-AOA/ZOA with respect to the coordinates system associated with PRU. We assume that the antenna orientation of PRU is known in that case. 

For the DL-AOD/ZOA, we propose to introduce a similar format as it was defined for the UL-AOA/ZOA expected value and uncertainty range signaling. 
We propose to define the expected value and range for the DL-AOD and DL-ZOD as follows:
· Expected azimuth angle of departure as (φDL-AOD - ΔφDL-AOD/2, φDL-AOD + ΔφDL-AOD/2)
· φDL-AOD - expected azimuth angle of departure, ΔφDL-AOD – uncertainty range for expected azimuth angle of departure
· Expected zenith angle of departure as (θDL-ZOD - ΔθDL-ZOD/2, θDL-ZOD + ΔθDL-ZOD/2)
· θDL-ZOD - expected zenith angle of departure, ΔθDL-ZOD - uncertainty range for expected zenith angle of departure
· The Global Coordinate System (GCS) is supported for DL AOD/ZOD assistance information indication
· Granularity of 0.1 degrees is applied for the expected DL-AOD (φDL-AOD), expected DL-ZOD (θDL-ZOD) and the corresponding uncertainty values

For the PRU (if its antenna orientation is known) we propose to define the expected value and range for the DL-AOA and DL-ZOA as follows:
· Expected azimuth angle of arrival as (φDL-AOA - ΔφDL-AOA/2, φDL-AOA + ΔφDL-AOA/2)
· φDL-AOA - expected azimuth angle of arrival, ΔφDL-AOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θDL-ZOA - ΔθDL-ZOA/2, θDL-ZOA + ΔθDL-ZOA/2)
· θDL-ZOA - expected zenith angle of arrival, ΔθDL-ZOA - uncertainty range for expected zenith angle of arrival
· The Global Coordinate System (GCS) is supported for DL AOA/ZOA assistance information indication
· Granularity of 0.1 degrees is applied for the expected DL-AOA (φDL-AOD), expected DL-ZOA (θDL-ZOD) and the corresponding uncertainty values


Based on the provided considerations, we have the following proposals:


Uncertainty range for the DL-AOD/ZOD is defined as follows:
Expected azimuth angle of departure as (φDL-AOD - ΔφDL-AOD/2, φDL-AOD + ΔφDL-AOD/2)
φDL-AOD - expected azimuth angle of departure, ΔφDL-AOD – uncertainty range for expected azimuth angle of departure
Expected zenith angle of departure as (θDL-ZOD - ΔθDL-ZOD/2, θDL-ZOD + ΔθDL-ZOD/2)
θDL-ZOD - expected zenith angle of departure, ΔθDL-ZOD - uncertainty range for expected zenith angle of departure
The Global Coordinate System (GCS) is supported for DL AOD/ZOD assistance information indication
Granularity of 0.1 degrees is applied for the expected DL-AOD (φDL-AOD), expected DL-ZOD (θDL-ZOD) and the corresponding uncertainty values


For Positioning Reference Unit (PRU), if its antenna orientation is known, define the uncertainty range for the DL-AOA/ZOA as follows:
Expected azimuth angle of arrival as (φDL-AOA - ΔφDL-AOA/2, φDL-AOA + ΔφDL-AOA/2)
φDL-AOA - expected azimuth angle of arrival, ΔφDL-AOA – uncertainty range for expected azimuth angle of arrival
Expected zenith angle of arrival as (θDL-ZOA - ΔθDL-ZOA/2, θDL-ZOA + ΔθDL-ZOA/2)
θDL-ZOA - expected zenith angle of arrival, ΔθDL-ZOA - uncertainty range for expected zenith angle of arrival
The Global Coordinate System (GCS) is supported for DL AOA/ZOA assistance information indication
Granularity of 0.1 degrees is applied for the expected DL-AOA (φDL-AOD), expected DL-ZOA (θDL-ZOD) and the corresponding uncertainty values

TRP Beam/Antenna Information Reporting
The TRP beam/antenna information reporting was discussed at the RAN WG1#107e meeting and the following agreement has been captured in the chairman’s notes, [5]:
	Agreement:
From the RAN1 perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD:
· The LMF provides the 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.
· Note: the peak power per angle is not provided
· Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and UE-based
· Send an LS to RAN2/RAN3 to decide on the signaling details 



It was agreed, that for UE-based DL-AOD positioning, the LMF can provide to the UE the quantized version of the relative power between the DL PRS resource per angle and per TRP. The relative power is defined with respect to the peak power in each angle and at least two DL PRS resources are reported. 
How the TRP beam information is provided by gNB to the LMF for both UE-based and UE-assisted DL-AOD positioning is left up to RAN3 decision. 
Figure 1 illustrates the power difference measurement by example of two beams. 
	[image: ]
	[image: ]


[bookmark: _Ref95299633]Figure 1: Illustration of power difference measurement for two beams

In the considered example, UE performs the following measurements:
· UE measures DL PRS-RSRP (or DL PRS-RSRPP) for the DL PRS resource #1 and #2
· For UE-assisted DL-AOD positioning, it reports multiple RSRP(P) values to the LMF
· UE (for UE-based) or LMF (for UE-assisted) computes the measured RSRP(P) difference
· Then based on the differential beam pattern information, UE or LMF founds the azimuth and zenith angles (φ, θ) that best match to the reported RSRP(P) difference

Although the agreement has been made and the general flow of the measurements and reporting is defined, the details of the TRP beam/antenna information reporting need to be further clarified. 

In this contribution we suggest a uniform sampling of the azimuth angle φ in the spatial sector ΔΦ and the zenith angle θ in the spatial sector ΔΘ. Both sectors ΔΦ and ΔΘ are introduced with respect to the spatial sector direction defined by the azimuth angle φsec and the zenith angle θsec, respectively. 
For the sampling set of the azimuth and zenith angles {φi, θj, i = 0, 1, …, N-1; j = 0, 1, …, M-1} we suggest introduction of quantized power levels to represent power difference ΔP(φi, θj) taken in dB scale with respect to the peak power value per angle. The quantization scheme based on the uniform quantization of the amplitude in the linear scale and corresponding non-uniform quantization of the power levels in the decibel scale is proposed.

Azimuth and Zenith Angle Sampling
The azimuth angle φ is defined in the spatial sector ΔΦ as follows:
	
,
	(1)


where ΔΦ is the spatial sector width, φsec is the azimuth angle defining the spatial sector direction, and Δφ is the spatial sector resolution defined in deg. The sampled version of the azimuth angle φi is introduced in a form:
	
,
	(2)


with a total number of samples per spatial sector equal to N + 1.
The zenith angle θ is defined in the spatial sector ΔΘ as follows:
	
,
	(3)


where ΔΘ is the spatial sector width, θsec is the zenith angle defining the spatial sector direction, and Δθ is the spatial sector resolution defined in deg. The sampled version of the zenith angle θj is introduced in a form:
	
,
	(4)


with a total number of samples per spatial sector equal to M + 1.

Power Difference Levels Quantization
We propose a uniform quantization of the antenna pattern ratio in the linear scale using the following equation:
	
,
	(5)


where ΔA(n) is the amplitude ratio of two (or more) antenna patterns of the nth level with the total number of levels equal to 2Nb and Nb is the number of bits used to signal the amplitude ratio level value. The amplitude ratio levels are uniformly distributed in the range [2-Nb, 1].
The corresponding non-uniform quantization of the power difference levels in the decibel scale can be written in the form:
	
,
	(6)


where ΔPL(n) corresponds to the power difference of the nth level with the total number of levels equal to 2Nb and Nb is the total number of bits used to signal the power difference level value. 
The power difference levels are distributed in the range [-20×lg(2Nb) dB, 0 dB], where ΔPL = -20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power difference level and ΔPL = 0 dB corresponds to the peak power per angle. 
The choice of parameter Nb provides a trade-off between the required accuracy and signaling overhead. 

Based on the provided considerations we have the following proposals:


Support uniform sampling for the azimuth angle φ in the spatial sector [φsec-(N/2)×Δφ, φsec+(N/2)×Δφ], defined by the parameters, φsec, Δφ and N, where
φsec is the azimuth angle defining the spatial sector direction in deg
Δφ is the spatial resolution, defined in deg
N +1 is the total number of samples per azimuth spatial sector
The resolution Δφ can be selected between the 1 deg and 0.1 deg
For a given azimuth angle, support uniform sampling for the zenith angle θ in the spatial sector [θsec-(M/2)×Δθ, θsec+(M/2)×Δθ], defined by the parameters θsec, Δθ and M, where
θsec is the zenith angle defining the spatial sector direction in deg
Δθ is the spatial resolution, defined in deg
M is the total number of samples per zenith spatial sector
The resolution Δθ can be selected between the 1 deg and 0.1 deg


Support quantization of the power difference levels in the decibel scale in accordance with the following equation:
ΔPL(n) = 20×lg(n) - 20×lg(2Nb), where ΔPL(n) corresponds to the power difference of the nth level with the total number of levels equal to 2Nb 
Nb is the number of bits used to signal a power difference level value 
ΔPL = 0 dB corresponds to the peak power per angle
ΔPL = - 20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power difference level value
Nb parameter can be set as one of the following {2, 3, 4, 5, 6, 7, 8} bits
The choice of the Nb parameter provides a trade-off between the required accuracy and signaling overhead

Conclusions
In this contribution, we provided our view on the remaining details for the DL-AOD positioning enhancements. In summary, we have following list of proposals:

Proposal #1: 
For both UE-based and UE-assisted DL-AOD positioning, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the DL PRS-RSRPP of the first path using the following RX diversity options:
Option 1: if the DL PRS-RSRPP of the first path is reported only, then the DL PRS-RSRPP of the first path is reported using the absolute values
Option 2: if both DL PRS-RSRP and DL PRS-RSRPP of the first path are reported, then the DL PRS-RSRP is reported using the absolute values and the DL PRS-RSRPP of the first path is reported using the differential values, where the DL PRS-RSRP is selected as a reference measurement
The absolute values are reported in the range [-156 dBm, -31 dBm] with 1 dB resolution
The differential values are reported in the range [-30 dB, 0 dB] with 1 dB resolution

Proposal #2: 
Confirm RAN4 understanding that the DL PRS-RSRPP is defined per path and per RE

Proposal #3:
Uncertainty range for the DL-AOD/ZOD is defined as follows:
Expected azimuth angle of departure as (φDL-AOD - ΔφDL-AOD/2, φDL-AOD + ΔφDL-AOD/2)
φDL-AOD - expected azimuth angle of departure, ΔφDL-AOD – uncertainty range for expected azimuth angle of departure
Expected zenith angle of departure as (θDL-ZOD - ΔθDL-ZOD/2, θDL-ZOD + ΔθDL-ZOD/2)
θDL-ZOD - expected zenith angle of departure, ΔθDL-ZOD - uncertainty range for expected zenith angle of departure
The Global Coordinate System (GCS) is supported for DL AOD/ZOD assistance information indication
Granularity of 0.1 degrees is applied for the expected DL-AOD (φDL-AOD), expected DL-ZOD (θDL-ZOD) and the corresponding uncertainty values

Proposal #4: 
For Positioning Reference Unit (PRU), if its antenna orientation is known, define the uncertainty range for the DL-AOA/ZOA as follows:
Expected azimuth angle of arrival as (φDL-AOA - ΔφDL-AOA/2, φDL-AOA + ΔφDL-AOA/2)
φDL-AOA - expected azimuth angle of arrival, ΔφDL-AOA – uncertainty range for expected azimuth angle of arrival
Expected zenith angle of arrival as (θDL-ZOA - ΔθDL-ZOA/2, θDL-ZOA + ΔθDL-ZOA/2)
θDL-ZOA - expected zenith angle of arrival, ΔθDL-ZOA - uncertainty range for expected zenith angle of arrival
The Global Coordinate System (GCS) is supported for DL AOA/ZOA assistance information indication
Granularity of 0.1 degrees is applied for the expected DL-AOA (φDL-AOD), expected DL-ZOA (θDL-ZOD) and the corresponding uncertainty values

Proposal #5:
Support uniform sampling for the azimuth angle φ in the spatial sector [φsec-(N/2)×Δφ, φsec+(N/2)×Δφ], defined by the parameters, φsec, Δφ and N, where
φsec is the azimuth angle defining the spatial sector direction in deg
Δφ is the spatial resolution, defined in deg
N +1 is the total number of samples per azimuth spatial sector
The resolution Δφ can be selected between the 1 deg and 0.1 deg
For a given azimuth angle, support uniform sampling for the zenith angle θ in the spatial sector [θsec-(M/2)×Δθ, θsec+(M/2)×Δθ], defined by the parameters θsec, Δθ and M, where
θsec is the zenith angle defining the spatial sector direction in deg
Δθ is the spatial resolution, defined in deg
M is the total number of samples per zenith spatial sector
The resolution Δθ can be selected between the 1 deg and 0.1 deg

Proposal #6: 
Support quantization of the power difference levels in the decibel scale in accordance with the following equation:
ΔPL(n) = 20×lg(n) - 20×lg(2Nb), where ΔPL(n) corresponds to the power difference of the nth level with the total number of levels equal to 2Nb 
Nb is the number of bits used to signal a power difference level value 
ΔPL = 0 dB corresponds to the peak power per angle
ΔPL = - 20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power difference level value
Nb parameter can be set as one of the following {2, 3, 4, 5, 6, 7, 8} bits
The choice of the Nb parameter provides a trade-off between the required accuracy and signaling overhead
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