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Introduction
During the previous RAN1#105-e meeting [1], the following agreements was reached to further progress on Rel-17 DL-AoD measurement enhancements and reporting as well as 2-stage beam sweeping.
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· [bookmark: _Hlk78960337]Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  

Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets



This contribution provides a further discussion on the potential enhancements based on the above agreements.
DL-AoD Measurement and Reporting enhancements
Assistance Data Enhancement
The proposed solutions were agreed upon as examples to enhance the UE positioning measurement configuration for improving and optimizing the DL-AoD measurements as well reporting, to improve overall positioning accuracy. Based on agreed options, the following solutions can be downselected:
Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources
The LMF can assist the UE in measuring DL-PRS resources, which are deemed beneficial via an indication of prioritization. In the event, that adjacent beams are to be measured for improved accuracy, the LMF can configure these DL-PRS resources to be measured with a higher priority and is therefore offers a more generalized configuration rather than only signalling adjacent beams.
Observation 1: Option 2 can enable adjacent beam reporting with a greater degree of flexibility via priority indications and can be supported via existing signalling mechanisms.
A remaining issue relating to Option 2, is whether the priority indication is explicitly or implicitly signaled. In order to avoid ambiguity, an explicit prioritization is preferred. This does not preclude Option 4, where the LMF can explicitly prioritise beam information in the AD with indicated subset of PRS resources. The LMF can thus indicate, which subset of PRS resources can be used for measurements.
Observation 2: Option 2 does not preclude Option 4, provided explicit priority indications are provided.
The explicit priority indicators can be applied to the list of addressed beams per TRP similar to the structure of NR-DL-PRS-BeamInfo [2] in decreasing priority order, e.g. Priority=1,…N, where Priority =1 corresponds to the highest priority beam information containing DL-PRS resources to be measured. This can be signalled in the assistance data to the UE, where adjacent beams will be assigned a higher priority by the LMF. Therefore, existing LPP signalling can be used to enable Option 2.
Proposal 1: Support Option 2 of transmitting the beam information in the AD with an explicit order of priority of PRS resources. Explicit priority indications can be signaled in the AD. Send LS to RAN2 to confirm signalling.
nr-DL-PRS-BeamInfo-r16
-- ASN1START

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

<<Explicit Priority Indicators corresponding to beam information per TRP>>
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-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
	...
-- ASN1STOP

Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data.
In the context of Option 3, the nr-DL-PRS-BeamInfoElement-r16 IE provides additional information to the UE regarding the spatial directions of DL-PRS resources for TRPs in terms of the boresight azimuth and elevation angles, which assists in the UE computation of the DL-AoD location estimate as seen above. Since this is already applicable to UE-based positioning it should be relatively straight-forward to extend such information to the benefit of the UE-assisted DL-AoD positioning method. 
Proposal 2: Support Option 3 to extend the current framework of providing boresight information in the case of UE-assisted DL-AoD positioning.
Reporting 
The corresponding reporting of measurements enabled via Option 2, can be signaled to the LMF in the same priority order in which it was configured in the AD. Beam information containing PRS resources with higher priorities can be reported to the LMF in the same order of priority in which it was received. Furthermore, any UE-specific changes to the reporting order of such measurements can be also be considered.
Proposal 3: Reporting of beam information corresponding to Option 2, can be implicitly performed using the same prioritization order provided in the AD as configured by the LMF. 
Two-stage PRS beam sweeping
Two-stage PRS beam sweeping offers the opportunity to refine beams carrying DL-PRS resources for improved accuracy measurement at the UE. To a certain extent, as companies mentioned in the previous RAN1#105-e meeting, this feature can be somewhat supported in the existing specification, where two DL-PS resource sets are configured per TRP. The first DL-PRS resource set could correspond to transmissions over a wider beam, while the second DL-PRS resource set over a narrower beam. However, this specification is ambiguous in enabling this aspect and should be clarified.
In addition, the association of 2 DL PRS resource sets belonging to the same TRP can be associated by grouping these PRS resource sets for the purposes of 2-stage beam sweeping. Different pairs of resource sets can be differentiated by different Group IDs for easier management. If a same grouping ID is associated to 2 different PRS resource set IDs, then the UE is not expected to receive the corresponding DL-PRS transmissions (from respective Tx beams) using the same spatial filter at the receiver, enabling UE reception with different beam widths in both stages. 
Proposal 4: Association between resources belonging to two DL PRS resource sets of the same TRP can be enabled by a grouping ID and can be signalled in the assistance data. 
The 2-stage beam sweeping procedure can also supported by the on-demand PRS procedure, where the UE might request the LMF to configure an updated set of DL-PRS resources to be transmitted using a narrower beam, which can assist the LMF to better resolve the DL-AoD for improved positioning accuracy. Generally, we do not have any strong view regarding which AI should handle this enhancement but given its close relation with on-demand PRS, perhaps this discussion will be well-suited in AI 8.5.6.
Proposal 5: Two-stage PRS beam sweeping can be enabled by the on-demand PRS mechanism. 
Conclusion
The following observation were noted:
Observation 1: Option 2 can enable adjacent beam reporting with a greater degree of flexibility via priority indications and can be supported via existing signalling mechanisms.
Observation 2: Option 2 does not preclude Option 4, provided explicit priority indications are provided.
Based on the discussion, the following proposals are summarized as follows:
Proposal 1: Support Option 2 of transmitting the beam information in the AD with an explicit order of priority of PRS resources. Explicit priority indications can be signaled in the AD. Send LS to RAN2 to confirm signalling.

Proposal 2: Support Option 3 to extend the current framework of providing boresight information in the case of UE-assisted DL-AoD positioning.

Proposal 3: Reporting of beam information corresponding to Option 2, can be implicitly performed using the same prioritization order provided in the AD as configured by the LMF.

Proposal 4: Association between resources belonging to two DL PRS resource sets of the same TRP can be enabled by a grouping ID and can be signalled in the assistance data.

Proposal 5: Two-stage PRS beam sweeping can be enabled by the on-demand PRS mechanism.
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