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1	Introduction
RAN1 made the following agreement regarding the gNB optionally providing beam/antenna information to the LMF for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD.
RAN1 has sent an LS as below

	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





[bookmark: _Ref178064866]2	Discussion

2.1	Relative Power between PRS resources per angle per TRP
Based upon this option, a grid of angles is defined and for each angle the relative powers of two or more PRS resources should be reported. This is illustrated in below figure. A grid of angles is given by  For  the report must include: 
1. Identification of reference beam (beam with greatest power): Beam A
2. Beam B (green) -6.0 dB,
The corresponding information should be reported for the other grid-points.
[image: ]
[bookmark: _Ref83990615]Figure 1. Example beam shapes. Assuming a given grid of angles; the relative power levels that should be reported are indicated. 
In the above example, a grid of angles is specified in azimuth dimension. Naturally, if there are beams in both azimuth and elevation directions then one must construct the grid over both dimensions.

2.2	Signaling details
2.2.1	Relative beam gain grid resolution
From RAN2 perspective, the sampling rate and quantization intervals of the relative beam gain grid would impact the LPP signaling load. As a matter of fact, signaling load was already a concern when introducing the DL-PRS beam information in LPP Rel 16, and a relative beam gain grid with fine grid resolution may add a significant contribution to the signaling load.
[bookmark: _Toc92733071]A high resolution of the angular grid for which relative power of PRS Resources should be provided may cause a high LPP signaling load.
There are two fundamentally different ways to handle the beam information by the UE:

1. Use the relative beam gain grid as a lookup table to correlate to the measurements directly in order to estimate the angle(s)
2. Interpolate the relative beam gain grid into a finer resolution before correlating to the measurements in order to estimate the angle(s)

In our previous RAN1 contribution [2], we evaluated the second approach with good accuracy (< 1 degree error in LOS conditions at the 90percentile). An angular resolution corresponding to half the -3dB beamwidth was used. Although this particular evaluation was performed for the option that relative power is reported with respect to the peak power of each resource (previously Option 2.1), the conclusion applies to the agreed format with relative power defined with respect to the peak power in each angle.
[bookmark: _Toc92733072]High accuracy DL-AOD estimation can be performed by interpolation even when the beam information is provided over an angular grid with coarse resolution as long as the beam shape variations are captured sufficiently well by the grid resolution
[bookmark: _Toc92456533][bookmark: _Toc92733849]The resolution of the angular grid should be configurable in LPP.
[bookmark: _Toc92733850][bookmark: _Toc92456534]The target device shall be able to assume that the provided grid resolution is sufficient for interpolation to a finer resolution. 

RAN1 needs to provide RAN2 with more information about reasonable grid resolutions that shout be represented in LPP.
[bookmark: _Toc92733851][bookmark: _Toc92456536]Send an LS to RAN1 either requesting  about the resolution of the angular grid, in zenith and azimuth, over which the relative power of PRS Resources should be reported or inform   the RAN2 agreed configured resolution, LS draft in Appendix A

2.2.2	Associated-DL-PRS-ID
Since several antennas will be of the same model and type in a typical deployment, it is important to ensure that the same information is not repeated. In Rel 16, the associated DL-PRS-ID was introduced to avoid repetition of comprehensive information, and instead a reference was used to provide a pointer to the information. This shall be used also for the relative beam gain grid. In fact, it is naturally adopted if the relative beam gain grid is introduced as an information element under the NR-DL-PRS-BeamInfoPerTRP IE as illustrated in the text proposal in Appendix B. Note a few things in the text proposal:
· The grid is associated to reference azimuth and elevation angles only if the angles are provided in GCS – otherwise the reference is implicitly assumed to be 0 and 90 respectively.
· The grid size is defined in relation to the reference angle, meaning that a grid size parameter of N corresponds to 2N+1 grid values in the specific direction
· The RAN1 agreement mentions relative beam gain between resources of a TRP, meaning that resources from different resource sets can be part of the relative beam gain information.
· The grid resolution is provided as an ENUMERATED with some preliminary values pending RAN1 input
· The relative beam gain follows the field nr-DL-PRS-RSRP-ResultDiff in the IE NR-DL-AoD-SignalMeasurementInformation, realizing a relative power resolution of 1 dB between 0 and 30 dB. 
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	A high resolution of the angular grid for which relative power of PRS Resources should be provided may cause a high LPP signaling load.
Observation 2	High accuracy DL-AOD estimation can be performed by interpolation even when the beam information is provided over an angular grid with coarse resolution as long as the beam shape variations are captured sufficiently well by the grid resolution


Based on the discussion in the previous sections we propose the following:
Proposal 1	The resolution of the angular grid should be configurable in LPP.
Proposal 2	The target device shall be able to assume that the provided grid resolution is sufficient for interpolation to a finer resolution.
Proposal 3	Send an LS to RAN1 either requesting  about the resolution of the angular grid, in zenith and azimuth, over which the relative power of PRS Resources should be reported or inform   the RAN2 agreed configured resolution, LS draft in Appendix A
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Appendix A	Draft LS to RAN1
OPTION 1:
RAN2 thanks RAN1 for the status update on AoD discussions and agreements. RAN2 would like to point RAN1 attention to the following:
If RAN1 has evaluated and can provide inputs on:
· The resolution of the angular grid in azimuth and zenith dimensions,
· the quantization/resolution needed for the relative powers and

From RAN2 perspective, this selection would impact the LPP signalling overhead. In order to identify the LPP signalling configurations, RAN2 would like to understand the resolution (in angle, power and time) that is needed.


OPTION 2:
RAN2 thanks RAN1 for the status update on AoD discussions and agreements. RAN2 has discussed and concluded to use below quantization intervals can be configured. RAN2 would like RAN1 to check and confirm if this is fine.
	stepOfAzimuth					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5}																
stepOfElevation					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5}
Per Angle DL-PRSBeamGainDiff		INTEGER (0..30)






2. Actions:
To RAN1
ACTION: 	RAN2 respectfully requests RAN1 to kindly provide input on parameter quantization (intervals).

3. Date of Next TSG-RAN2 Meetings:
TSG-RAN2 Meeting #116bis-e	21 February-3 March 2022			Online
TSG-RAN2 Meeting #118-e	16 May – 27 May 2022 			Online

Appendix B	Text Proposal to 37.355 for UEB DL-AoD enhancements

[bookmark: _Toc46486420][bookmark: _Toc52546765][bookmark: _Toc52547295][bookmark: _Toc52547825][bookmark: _Toc52548355][bookmark: _Toc60870083]–	NR-DL-PRS-BeamInfo
The IE NR-DL-PRS-BeamInfo is used by the location server to provide spatial direction information of the DL-PRS Resources.
-- ASN1START

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
																NR-DL-PRS-BeamInfoPerFreqLayer-r16

NR-DL-PRS-BeamInfoPerFreqLayer-r16 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
																NR-DL-PRS-BeamInfoPerTRP-r16

NR-DL-PRS-BeamInfoPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16						INTEGER (0..255),
	nr-PhysCellID-r16					NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16					NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16						ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r16			INTEGER (0..255)		OPTIONAL,
	lcs-GCS-TranslationParameter-r16	LCS-GCS-TranslationParameter-r16	
																OPTIONAL,	-- Need OP
	dl-PRS-BeamInfoSet-r16				DL-PRS-BeamInfoSet-r16	OPTIONAL,
	...,
    [[
		dl-PRS-RelativeBeamGains-r17	DL-PRS-RelativeBeamGains-r17	
																OPTIONAL
	]]
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..nrMaxSetsPerTrp-r16)) OF
																DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF
																DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..359),
	dl-PRS-Azimuth-fine-r16			INTEGER (0..9)					OPTIONAL,	-- Need ON
	dl-PRS-Elevation-r16			INTEGER (0..180)				OPTIONAL,	-- Need ON
	dl-PRS-Elevation-fine-r16		INTEGER (0..9)					OPTIONAL,	-- Need ON
	...
}

LCS-GCS-TranslationParameter-r16 ::= SEQUENCE {
	alpha-r16						INTEGER (0..359),
	alpha-fine-r16					INTEGER (0..9)					OPTIONAL,	-- Cond AzElFine
	beta-r16						INTEGER (0..359),
	beta-fine-r16					INTEGER (0..9)					OPTIONAL,	-- Cond AzElFine
	gamma-r16						INTEGER (0..359),
	gamma-fine-r16					INTEGER (0..9) 					OPTIONAL,	-- Cond AzElFine
	...
}

DL-PRS-RelativeBeamGains-r17 ::= SEQUENCE {
	dl-PRS-RefAzimuth-r17				INTEGER (0..359),			OPTIONAL,   -- Need OP
	dl-PRS-RefAzimuth-fine-r17			INTEGER (0..9)				OPTIONAL,	-- Need OP
	dl-PRS-RefElevation-r17				INTEGER (0..180)			OPTIONAL,	-- Need OP
	dl-PRS-RefElevation-fine-r17		INTEGER (0..9)				OPTIONAL,	-- Need OP
	numberOfStepsAzimuth-r17			INTEGER (0..300),			OPTIONAL.	-- Need OP
	numberOfStepsElevation-r17			INTEGER (0..300), 			OPTIONAL.	-- Need OP
	stepOfAzimuth-r16					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5},
																	OPTIONAL,	-- Need OP
	stepOfElevation-r16					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5},
																	OPTIONAL,	-- Need OP
	dl-PRS-RelativeBeamGainsList-r17	SEQUENCE (SIZE (1..maxNoOfRelativeBeamGains-r17)) OF DL-PRS-RelativeBeamGainsPerAngle-r17,
	...
}

DL-PRS-RelativeBeamGainsPerAngle-r17 ::= SEQUENCE {
	dl-PRS-ReferenceResourceID-r17			NR-DL-PRS-ResourceID-r16,
	dl-PRS-ReferenceResourceSetID-r17		NR-DL-PRS-ResourceSetID-r16,
	dl-PRS-RelativeBeamGainPerAngleList-r17 	
		SEQUENCE (SIZE (1..maxNoOfRelativeBeamGainsPerAngle-r17)) OF 
		DL-PRS-RelativeBeamGainsPerAngleElement-r17
}

DL-PRS-RelativeBeamGainsPerAngleElement-r17 ::= SEQUENCE {
	dl-PRS-ResourceID-r17					NR-DL-PRS-ResourceID-r16,
	dl-PRS-ResourceSetID-r17				NR-DL-PRS-ResourceSetID-r16,
	nr-DL-PRS-BeamGainDiff-r17				INTEGER (0..30),
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	AzElFine
	The field is mandatory present if dl-PRS-Azimuth-fine or dl-PRS-Elevation-fine are present; otherwise it is not present.



	NR-DL-PRS-Beam-Info field descriptions

	dl-PRS-ID
This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource. This ID can be associated with multiple DL-PRS Resource Sets associated with a single TRP.
Each TRP should only be associated with one such ID.

	nr-PhysCellID
This field specifies the physical cell identity of the associated TRP, as defined in TS 38.331 [35].

	nr-CellGlobalID
This field specifies the NCGI, the globally unique identity of a cell in NR, of the associated TRP, as defined in TS 38.331 [35]. The server should include this field if it considers that it is needed to resolve ambiguity in the TRP indicated by nr-PhysCellID.

	nr-ARFCN
This field specifies the NR-ARFCN of the TRP.

	associated-DL-PRS-ID
This field specifies the dl-PRS-ID of the associated TRP from which the beam information is adopted. The beam information from the associated TRP is considered to be in GCS if the lcs-gcs-translation-parameter field is not provided, and to be in LCS if the lcs-gcs-translation-parameter field is provided. If the field is omitted, the beam information is provided via the dl-prs-BeamInfoSet and/or dl-PRS-RelativeBeamGains fields.

	lcs-GCS-TranslationParameter
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44]. If this field is absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-PRS-BeamInfoSet
This field provides the DL-PRS beam information for each DL-PRS Resource of the DL-PRS Resource Set associated with this TRP.

	dl-PRS-Azimuth
This field specifies the azimuth angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted.
For a Global Coordinate System (GCS), the azimuth angle is measured counter-clockwise from geographical North.
For a Local Coordinate System (LCS), the azimuth angle is measured measured counter-clockwise from the x-axis of the LCS.
Scale factor 1 degree; range 0 to 359 degrees.

	dl-PRS-Azimuth-fine
This field provides finer granularity for the dl-PRS-Azimuth.
The total azimuth angle of the boresight direction is given by dl-PRS-Azimuth + dl-PRS-Azimuth-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	dl-PRS-Elevation
This field specifies the elevation angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted.
For a Global Coordinate System (GCS), the elevation angle is measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon).
For a Local Coordinate System (LCS), the elevation angle is measured relative to the z-axis of the LCS (elevation 0 deg. points to the z-axis, 90 deg to the x-y plane).
Scale factor 1 degree; range 0 to 180 degrees.

	dl-PRS-Elevation-fine
This field provides finer granularity for the dl-PRS-Elevation.
The total elevation angle of the boresight direction is given by dl-PRS-Elevation + dl-PRS-Elevation-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	alpha
This field specifies the bearing angle α for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	alpha-fine
This field provides finer granularity for the alpha.
The total bearing angle α is given by alpha + alpha-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	beta
This field specifies the downtilt angle β for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	beta-fine
This field provides finer granularity for the beta.
The total downtilt angle β is given by beta + beta-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	gamma
This field specifies the slant angle γ for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	gamma-fine
This field provides finer granularity for the gamma.
The total slant angle γ is given by gamma + gamma-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	dl-PRS-RelativeBeamGains
This field provides the relative beam gain information for the beams of a DL PRS resource set The relative beam gain information is provided in LCS if the field 
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44]. If this field is absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-PRS-RefAzimuth
This field specifies the reference azimuth angle of the relative beam gain grid. It is measured counter-clockwise from geographical North in a Global Coordinate System (GCS). This field is not present if the reference azimuth angle is in LCS, in which case the reference azimuth angle is equal to 0.
Scale factor 1 degree; range 0 to 359 degrees.

	dl-PRS-RefAzimuth-fine
This field provides finer granularity for the dl-PRS-RefAzimuth.
The total reference azimuth angle of the relative beam gain grid is given by dl-PRS-RefAzimuth + dl-PRS-RefAzimuth-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	dl-PRS-RefElevation
This field specifies the reference elevation angle of the relative beam gain grid. It is measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon) in a Global Coordinate System (GCS). This field is not present if the reference elevation angle is in LCS, in which case the reference elevation angle is equal to 90.
Scale factor 1 degree; range 0 to 180 degrees.

	dl-PRS-RefElevation-fine
This field provides finer granularity for the dl-PRS-RefElevation.
The total reference elevation angle of the relative beam gain grid is given by dl-PRS-RefElevation + dl-PRS-RefElevation-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	numberOfStepsAzimuth
This field specifies the number of steps in the relative beam gain grid relative to the reference azimuth angle in both negative and positive azimuth directions.  

	numberOfStepsElevation
This field specifies the number of steps in the relative beam gain grid relative to the reference elevation angle in both negative and positive elevation directions.  

	stepOfAzimuth
This field specifies the relative beam gain grid resolution in the azimuth direction. Enumerated values d01, d02, d05, d1, d2, d3, d4, d5 correspond to 0.1, 0.2, 0.5, 1, 2, 3, 4, 5 degrees resolution respectively. 

	stepOfElevation
This field specifies the relative beam gain grid resolution in the elevation direction. Enumerated values d01, d02, d05, d1, d2, d3, d4, d5 correspond to 0.1, 0.2, 0.5, 1, 2, 3, 4, 5 degrees resolution respectively.

	dl-PRS-RelativeBeamGainsList
This field provides the relative beam gain information as a list of elements, each corresponding to a grid points in the azimuth/elevation domain. 
The first 2*numberofStepsAzimuth+1 elements in the list corresponds to the elevation angle equal to the reference elevation angle – numberOfStepsElevation*stepOfElevation, and the azimuth angles from the reference azimuth angle – numberOfStepsAzimuth*stepOfAzimuth to the reference azimuth angle + numberOfStepsAzimuth*stepOfAzimuth. The next 2*numberofStepsAzimuth+1 elements in the list corresponds to the same set of azimuth angles, but the elevation angle equal to reference elevation angle – (numberOfStepsElevation-1)*stepOfElevation  etc.

	dl-PRS-ReferenceResourceID
This field provides the DL-PRS resource ID of the strongest resource of this relative beam gain grid point. 

	dl-PRS-ReferenceResourceSetID
This field provides the DL-PRS resource set ID of the strongest resource of this relative beam gain grid point.

	nr-DL-PRS-BeamGainDiff
[bookmark: _Hlk92456464]This field provides the relative beam gain of this DL-PRS resource in relation to the reference DL-PRS resource of this relative beam gain grid point. The field encoding is the same as the encoding of the field nr-DL-PRS-RSRP-ResultDiff in the IE NR-DL-AoD-SignalMeasurementInformation with a mapping defined in TS 38.133 [46].
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