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Introduction
In RAN1#106-e, we made some agreements regarding signaling of the first arrival path measurements reporting. In this paper, we discuss the remaining issues of UL AoA positioning.

First path RSRP
In RAN1#106-e, we made the following agreement with regards to path RSRP definition [1].
	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.



And with regards to joint report of TOA/AoA and path RSRP, we made the following agreements for UL-TDOA and Multi-RTT
	Agreement:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path
· Note: The use of SRS for MIMO resource is transparent to the UE
· FFS: Reporting of gNB Rx-Tx

[bookmark: _Hlk80781611]Agreement:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path



The reporting of path RSRP is still FFS, given that the definition in DL-AoD is still open. As presented in our companion contribution [2], we think the proposal could also be applicable to path RSRP reporting for UL related measurements.
Proposal 1:  Adopt the following definition of path UL SRS-RSRP measurement
Path UL SRS-RSRP of delay-D is the power (in [W]) of the linear average of the delay-D compensated channel frequency response of the resource elements that carry sounding reference signals. Path UL SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.

Different from the downlink counterpart, for UL, it is assumed that gNB is equipped with multiple Rx branches, and for FR1, it is those Rx branches that help to get the UL AoA measurement. A typical method to get the AoA for a given UPA antenna layout with the estimated first path channel response across antenna elements  is to solve the following optimization.

where
 and  are the steering vector on the horizontal and vertical dimension, respectively, for a given direction.
 allows for co-polarized array by combining the power from both polarizations.
Once the UL AoA is obtained, it can be used to reconstruct the channel response on the AoA direction across antenna elements, using the following equation.

Then the power can be averaged across all antenna elements using the existing path RSRP measurement. Note that  here could be CIR or CFR, and for the case of CFR, the path RSRP for a delay-D can be represented by

With the above discussion, we think that the generic handling of the receiver diversity should also be applied to path UL SRS-RSRP, but the potential spatial filter based on UL-AoA measurement could be required for gNB. When gNB applies the spatial filter, the path RSRP can be averaged across the Rx branches in an Rx branch set that is used to derive the UL-AoA measurement.
Proposal 2:  For path UL SRS-RSRP measurement reporting, when receiver diversity is in use, at least consider additionally reporting the Rx branch set ID to identify whether different path RSRP measurements are associated with the same Rx branch set.
Spatial filtering based on the UL-AoA measurement on the Rx branches in the Rx branch set is optional.

Expected AoA uncertainty
In RAN1#106-e, it was discussed on using the PRU to calibrate the gNB antenna element phase error and/or gNB antenna orientation error, with the same expected AoA/expected AoA uncertainty framework.
In the existing RAN3 endorsed BL CR R3-214516 [3], the uncertainty value can take 0. We would like to confirm the understanding that setting the uncertainty to 0 would mean that the expected AoA is accurate that may be used to denote the AoA of a PRU, and gNB may take that into account when calibrating its antenna element phase error and/or antenna orientation error.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE AngleMeasurement
	M
	
	
	

	>Expected UL Angle of Arrival
	
	
	
	

	>>Expected Azimuth AoA
	
	1
	
	Defined as
(φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)

	>>>Expected Azimuth AoA Value
	M
	
	INTEGER(0..3599)
	φAOA component of Expected Azimuth AoA

	>>>Expected Azimuth AoA Uncertainty Range
	O [FFS]
	
	INTEGER(0..3599)
	ΔφAOA component of Expected Azimuth AoA

	>>Expected Zenith AoA
	
	0..1
	
	Defined as
(θZOA – ΔθZOA/2, θZOA + ΔθZOA/2)

	>>>Expected Zenith AoA Value
	M
	
	INTEGER(0..1799)
	θZOA component of Expected Zenith AoA

	>>>Expected Zenith AoA Uncertainty Range
	O [FFS]
	
	INTEGER(0..1799)
	ΔθZOA component of Expected Zenith AoA

	>Expected UL Angle of Arrival Zenith Only
	
	
	
	Defined as
(θZOA – ΔθZOA/2, θZOA + ΔθZOA/2)

	>>Expected Zenith AoA Value
	M
	
	INTEGER(0..1799)
	θZOA component of Expected Zenith AoA

	>>Expected Zenith AoA Uncertainty Range
	O [FFS]
	
	INTEGER(0..1799)
	ΔθZOA component of Expected Zenith AoA

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



Proposal 3: RAN1 confirms that the expected AoA/ZoA uncertainty can take the value 0, in which case the expected AoA/ZoA is accurate.
Note: This can be used for receiving SRS for a PRU.

Antenna reference point of TRP
In RAN1#106-e [1], we made the following agreement regarding reporting ARP for UL measurements.
	Agreement:
Further study and conclude whether association of UL-AOA, UL-TDOA, Multi-RTT measurements with ARP (Antenna Reference Point) information is supported at RAN1#106bis-e.



For UL reception, the ARP (antenna reference point) information can help to increase the positioning accuracy for distributed multiple panels at the TRP. We believe the benefits are not limited in UL-AoA positioning, and can happened in UL-TDOA and Multi-RTT positioning. Considering the simplicity and clarity, the location offset of the ARP relative to the TRP location could be taken as the straightforward way to indicate the ARP information. If so, the ARP location can be derived at LMF side.
Proposal 4: Support reporting the location offset of the ARP relative to the TRP location with each measurement result.
The offset ARP can take
· The WGS-84 representation similar to PRS ARP via delta longitude/latitude in the unit of milli-arc-second and delta height in the unit of {mm, cm, m}, or
· The local coordinates representation via delta x, y, and z.

Conclusion
In this contribution, we have the following proposals regarding UL-AoA enhancement in Rel-17.
Proposal 1:  Adopt the following definition of path UL SRS-RSRP measurement
Path UL SRS-RSRP of delay-D is the power (in [W]) of the linear average of the delay-D compensated channel frequency response of the resource elements that carry sounding reference signals. Path UL SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.
Proposal 2:  For path UL SRS-RSRP measurement reporting, when receiver diversity is in use, at least consider additionally reporting the Rx branch set ID to identify whether different path RSRP measurements are associated with the same Rx branch set.
Spatial filtering based on the UL-AoA measurement on the Rx branches in the Rx branch set is optional.
Proposal 3: RAN1 confirms that the expected AoA/ZoA uncertainty can take the value 0, in which case the expected AoA/ZoA is accurate.
Note: This can be used for receiving SRS for a PRU.
Proposal 4: Support reporting the location offset of the ARP relative to the TRP location with each measurement result.
The offset ARP can take
· The WGS-84 representation similar to PRS ARP via delta longitude/latitude in the unit of milli-arc-second and delta height in the unit of {mm, cm, m}, or
· The local coordinates representation via delta x, y, and z.
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