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Introduction
During the previous RAN1#106bis-e meeting [1], the following agreements was made to further progress on enhancements related to the DL-AoD positioning method:
	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
Agreement:
The agreement from RAN1#106e on the number of DL PRS RSRP measurements per TRP is extended as follows:
· For UE-A DL-AOD, support reporting more than 8 up to 16 N DL PRS RSRP measurements per TRP, where N is UE capability and candidate values include {16,24}.
· For UE-A DL-AOD, support reporting more than 8 up to 16 M first path PRS RSRP measurements per TRP, where M is a UE capability 
· FFS: Values of M. Candidate values include {2,4,8,16,24}.
· FFS: Whether M is always equal to N
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for same or different timestamps. 
· Note: the maximum number of DL PRS RSRP associated with the same Rx beam index is up to the UE implementation
R1-2110626	[DRAFT] LS on definition of DL PRS path RSRP	Moderator (Ericsson)
Final LS agreed in R1-2110627 with “Dates of next TSG RAN1 meeting” modified to “Dates of next TSG RAN WG1 meeting”.
R1-2110627	LS on definition of DL PRS path RSRP		RAN1, Ericsson


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
Path RSRP Definition
Two FFS points on first arrival path reporting were remaining from the previous RAN1#106bis-e meeting. One of the key issues of discussion was the normalization of the first path RSRP with the respect to the total PRS RSRP defined in Rel-16. We are of the view that this type of normalization of the first path RSRP since the LMF may exploit additional insights regarding the link quality of the first path with the respect to the total received PRS RSRP. 

Proposal 1: Support inclusion of normalization as part of the definition of first path DL PRS RSRP with respect to the total received DL PRS RSRP (as defined in Rel-16).

On the second FFS point, where the ith path delay other than i=1 should be considered, there is a related FFS point in the parallel AI 8.5.5 NLOS/multipath reporting [1]:
	Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 



Based on the generalized wording of the current agreement relating to the ith path delay, we think the consideration of paths > 1 is implicitly considered in the definition, e.g., i=1 is associated with the first path, i=2 for the second path, and so on.   However, this may have a dependency on the FFS point in the above related agreement in AI 8.5.5, so we would prefer to await the outcome of that discussion.

Proposal 2: Consider the ith path delay, aside from i=1, in the path RSRP definition, subject to the outcome of related discussions in AI8.5.5.
Adjacent Beam Reporting 
According to the latest proposal based on the FL’s summary during the RAN1#106bis-e meeting, the following latest proposal was put forward [2]:
	FL’s latest RAN1#106bis-e Proposal 3.1c: 
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 may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, 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:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information, and optionally an the expectedDLAoD for each TRP. 
· Note: Either case does not imply any restriction on UE measurement 
· FFS: prioritization of the PRS resources and resource subsets to be measured  
· FFS: UE may report PRS measurements only for the subset of PRS resources.



Generally supportive of including both options and therefore, in our view the above FL’s proposal is a good starting point for further convergence. 
For Option 1, in the event, that adjacent beams are to be measured for improved accuracy, the LMF can configure the subset of 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. The note in the above agreement further clarifies, that the subset of resources may/may not be associated with same resource set. 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 indication 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 3: 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. 
In the case of Option 2, 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 4: Extend the current DL-AoD framework of providing boresight information in the case of UE-assisted DL-AoD positioning.
Conclusion
Based on the discussion, the following proposals are summarized:
Proposal 1: Support inclusion of normalization as part of the definition of first path DL PRS RSRP with respect to the total received DL PRS RSRP (as defined in Rel-16).

Proposal 2: Consider the ith path delay, aside from i=1, in the path RSRP definition, subject to the outcome of related discussions in AI8.5.5.

Proposal 3: 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 4: Extend the current DL-AoD framework of providing boresight information in the case of UE-assisted DL-AoD positioning.
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