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1 Introduction
In RAN#90-eError: Reference source not found, the approved WI for Rel-17 positioning enhancement includes enhancement for DL-AoD positioning method for better angle-based positioning estimation. RAN1 started work on this WI in RAN1#104-e. This contribution provides the further deliberation and detailing on remaining aspects for UL-AoD positioning method in Rel 17.


1 Path RSRP definition
As agreed in the last meeting, we support that the definition as state in option-1 should be considered as the definition of the path-PRS-RSRP.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.



The path-PRS-RSRP can defined as the power of the channel impulse response at certain path delay, over which the DL PRS is received. It is  not a good idea to configure the measurement window for path-PRS-RSRP from the LMF specially when the UE is mobile. In such scenarios, the measurement window will be outdated based on the velocity of the UE. To address this issue, the LMF might provide a wider window, but the wide window might capture the power of multiple paths. Hence, this certain path delay should be estimated at the receiver itself. 

Proposal-1: We support Option 1 for definition of the path-PRS-RSRP.

Proposal-2: The delay of a certain path, whose path-RSRP has to be reported, should be estimated at the receiver itself.

For path RSRP measurement, the following definition can be considered:

where  is the estimated delay for the certain path whose path-RSRP is being reported.
This definition of the path-PRS-RSRP is based on the delay of the path in CIR and captures the effect of PRS-bandwidth also.

2 Enhanced reporting for DL-AoD
The performance of DL-AoD can be significantly improved if the first arrival path (FAP) RSRP is also reported by the UE along with PRS RSRP. However, the characteristic of the paths (delay and path-power) in CIR keeps changing across the PRS-resources if the UE is mobile. The location management server (LMF) has no way to identify whether the path-PRS-RSRP reported across the different PRS-resources belongs to the same path or different paths if the delay information is not included in DL-AoD report. Hence, the UE should report the path-delay corresponding to the path-PRS-RSRP also in DL-AoD report.Figure 1: Calculation of path-PRS-RSRP at a certain path-delay.

Observation-1: The location management server (LMF) has no way to identify whether the path-PRS-RSRP reported across the different PRS-resources belongs to the same path or different paths if the corresponding path-delay information is not included in DL-AoD report. 
Proposal-3: The UE should report the path-delay corresponding to the path-PRS-RSRP also in DL-AoD report.
Further to report the measurement overhead the path-PRS-RSRP can be normalized either with PRS-RSRP or with peak power of the CIR. In many cases, the power of a path calculated at certain delay is higher compared to the peak power if the CIR as shown in Error: Reference source not found. This can complicate the path-PRS-RSRP reporting. However,  it is simpler to report path-PRS-RSRP relative to the PRS-RSRP.


3 Additional gnodeB Beam information
The following agreement was reached in RAN1#105-e meeting:

	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· [bookmark: OLE_LINK5]FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP) intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD



The option-2 has already been agreed in RAN1#106-e meeting. The option-1 and option-2 are not competing proposals. The option-1 provides the useful information to the UE regarding the PRS transmit beam specially for DFT based beam-forming. Hence, atleast () the number of antennas, along horizontal and vertical, () inter-element spacing along horizontal and vertical, ()  the boresight AoD and boresight ZoD respectively should be provided to the UE as the beam assitance information.

Proposal-4: For additional gNodeB beam information to UE, option-1 should also be supported along with option-2.
Proposal-5: Aleast () the number of antennas, along horizontal and vertical, () inter-element spacing along horizontal and vertical, ()  the boresight AoD and boresight ZoD respectively should be provided to the UE as the beam assitance information.
4 UE-FAP-AoA reporting 
The state of the link (LOS/NLOS) can be estimated accurately if the angle of arrival of first arrival path at the UE (UE-FAP-AoA) is available at the LMF for the UE-assisted positioning or the at the UE for UE-based positioning. The UE-FAP-AoA can be estimated accurately for UEs with >=16 antennas which is reasonable to assume at-least for FR2. However, for UE-FAP-AoA measurements to be relevant, these measurements should either be reported in global co-ordinate system (GCS) or the local co-ordinate system (LCS) to GCS mapping (or the UE orientation) should be reported along with UE-FAP-AoA measurements.Figure 2: 2D illustration of UE-FAP-AoA and orientation estimation

The orientation of the UE can be estimated if one set of following information is available at the positioning entity:

1. UE-FAP-AoA (in LCS) of the target UE, ToA estimate, DL-AoD (in GCS) & TRP location of >2 TRPs.
2. UE-FAP-AoA (in LCS) of the target UE, coarse location of the UE & TRP location of >2 TRPs.

The option-2 from above signalling is already supported in the current specification. Hence, no signalling update and additional information is required to estimate the UE-FAP-AoA at the UE. Moreover, UE-FAP-AoA reporting doesn’t pose a large reporting overhead. Hence, for UE-assisted positioning the UE-FAP-AoA should be reported from UE to LMF for atleast DL-AoD method.

Observation-2: The detection of the state of the link can be estimated accurately if the angle of arrival of first arrival path of the UE (UE-FAP-AoA) is available at the LMF for the UE-assisted positioning or the at the UE for UE-based positioning.

Observation-3: For UE-FAP-AoA measurements to be relevant, these measurements should either be reported in global co-ordinate system (GCS) or the local co-ordinate system (LCS) to GCS mapping (or the UE orientation) should be reported along with UE-FAP-AoA measurements.

Proposal-6: For UE-assisted positioning, the UE-FAP-AoA should be reported from UE to LMF for atleast DL-AoD method.

5 Conclusion
Observation-1: The location management server (LMF) has no way to identify whether the path-PRS-RSRP reported across the different PRS-resources belongs to the same path or different paths if the corresponding path-delay information is not included in DL-AoD report. 

Proposal-1: We support Option 1 for definition of the path-PRS-RSRP.

Proposal-2: The delay of a certain path, whose path-RSRP has to be reported, should be estimated at the receiver itself.

Proposal-3: The UE should report the path-delay corresponding to the path-PRS-RSRP also in DL-AoD report.

Proposal-4: For additional gNodeB beam information to UE, option-1 should also be supported along with option-2.

Proposal-5: Aleast () the number of antennas, along horizontal and vertical, () inter-element spacing along horizontal and vertical, ()  the boresight AoD and boresight ZoD respectively should be provided to the UE as the beam assitance information.

Proposal-6: For UE-assisted positioning, the UE-FAP-AoA should be reported from UE to LMF for DL-AoD positioning method.
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