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Introduction
During the previous RAN1#106-e meeting [1], the following agreements was made to further progress on Rel-17 DL-AoD enhancements:
	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
Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.
Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index



This contribution provides a further discussion on some of the remaining DL-AoD enhancements based on the above agreements.
DL-AoD Measurement and Reporting enhancements
Adjacent Beam Reporting – Prioritization of Resources
According to the latest proposal based on the FL’s summary during the RAN1#106-e meeting, the following proposal was put forward [2]:
	FL’s latest RAN1#106-e Proposal: 
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:
· 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.
· The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource
· FFS: Details on the subset of PRS resources
· FFS: the impact of processing the subset of PRS resources
· FFS: 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



As some companies noted, there are some benefits in improving the DL-AoD accuracy by measuring the adjacent beams, in addition to the main beam. As such, the current discussion tends to revolve around the mechanism in which the LMF can provide additional assistance for further measurement and reporting of PRS resources in beams, which are considered adjacent to the main beam. 
In our view the above FL’s proposal is a good starting point for further convergence. In the event, that adjacent beams are to be measured for improved accuracy, the LMF can configure these DL-PRS resources to be measured and reported with a defined priority, which is a more generalized approach. Furthermore, we also share the view that such assistance information on prioritization does not aim to restrict any UE measurement and reporting behavior. Figure 1 is an illustrative concept of how prioritization of a subset of PRS resource can be applied to adjacent beam reporting.

[bookmark: _Ref83807059]Figure 1: Prioritized subset of PRS resources for adjacent beam reporting
According to Figure 1, the UE can be configured to measure and report the DL PRS RSRP of a subset of PRS resources corresponding to Priority#1 and Priority#2 beams, which enables the LMF to ascertain that these beams were part of the set of DL-AoD measurements comprising the main and adjacent beams. In an alternative example, the main beam and adjacent beams can be assigned with Priority#1 for easier measurement of the relevant beams needed for the AoD computation. In order to avoid ambiguity, an explicit prioritization is preferred. The LMF can thus indicate, which subset of PRS resources corresponding to which Tx beams can be used for measurement and reporting by the UE.
Proposal 1: Support transmitting the beam information with an explicit order of priority of beams carrying the subset of PRS resources. Explicit priority indications for measurement and reporting can be configured by the LMF. 
Boresight direction
In addition to adjacent beam reporting support, the boresight direction can also be extended to enhance UE-Assisted DL-AoD.   As noted in the following nr-DL-PRS-BeamInfo IE, such information has already been supported for UE-based DL-AoD in Rel-16 [3]: 
nr-DL-PRS-BeamInfo-r16
-- 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-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

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 computation of the DL-AoD location estimate by the UE 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 method. 
Proposal 2: Extend the current DL-AoD framework of providing boresight information in the case of UE-assisted DL-AoD positioning.
First arrival path RSRP Reporting
In order for RAN4 to define test cases and performance requirements, the definition of the first arrival path should be finalized in RAN1. According to TS 38.215 [4]: 
	DL PRS reference signal received power (DL PRS-RSRP)
	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED






The first arrival path for DL PRS RSRP should align the above definition in both the frequency and time domain. Therefore, we support the normalization of the path RSRP with respect to the DL-PRS RSRP measurement definition, when performing the reporting of the RSRP measurement as shown above. Given this, the Option 1 definition of path PRS RSRP is preferable, where the the measured path DL-PRS RSRP corresponds to the power of the channel impulse response, at a certain path delay, over which the DL-PRS is received.
Proposal 3: Support Option 1 of path RSRP definition, where the path PRS RSRP corresponds to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received.
Conclusion
Based on the discussion, the following proposals are summarized:
Proposal 1: Support transmitting the beam information with an explicit order of priority of beams carrying the subset of PRS resources. Explicit priority indications for measurement and reporting can be configured by the LMF.

Proposal 2: Extend the current DL-AoD framework of providing boresight information in the case of UE-assisted DL-AoD positioning.

Proposal 3: Support Option 1 of path RSRP definition, where the path PRS RSRP corresponds to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received.
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