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Introduction
In this paper, we discuss the remaining issue of UL AoA enhancements.

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



It is worth noting that we also made the agreement with respect to additional path RSRP reporting for UL [1].
	[bookmark: _Hlk85580282]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. 



In the latest draft CR distributed by the spec editor, the definition of path UL SRS-RSRP is already captured below.
5.2.x	UL SRS reference signal received path power (UL SRS-RSRPP)

	Definition
	UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path.

[For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP 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 gNB, the reported UL SRS-RSRPP value shall not be lower than the corresponding UL SRS-RSRPP of any of the individual receiver branches.]



It is clear that RAN1 did not make any formal agreement on path UL SRS RSRP definition, and we would suggest to agree to the following proposal confirm the implementation in the current TS 38.215 draft CR on UL SRS-RSRPP. The definition could be updated if RAN4 identify any issue pertaining to DL PRS path RSRP.
Proposal 1: Confirm the definition of UL SRS-RSRPP implemented in the draft CR of TS 38.215.

For the remainder part of the paper, we suggest to discuss the receiver diversity and the reference point.
Receiver diversity
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.
Observation 1: Receiver diversity is used to estimate UL AoA for gNB, and should be used to estimate the path RSRP jointly.
There are multiple ways to deal with receiver diversity. For SRS-RSRP, the current definition in TS 38.215 selects the maximum SRS-RSRP across Rx branches.
	For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL SRS-RSRP value shall not be lower than the corresponding UL SRS-RSRP of any of the individual receiver branches.



One potential to deal with the path UL SRS RSRP is that the path UL SRS RSRP should be corresponding to the Rx branch that yields to the highest UL SRS RSRP. However, as Observation 1 says, the UL AoA measurement relies the multiple Rx branches to generate the AoA measurements (one or multiple), and ideally the path UL SRS RSRP should also be based on the same set of Rx branches. It would also be helpful to report the Rx branch set information for additional paths, to at least identify whether two path UL SRS RSRP values (corresponding to two paths) are received by the same set of Rx branches.
Proposal 2: For path UL SRS RSRP measurement reporting, when receiver diversity is in use, support 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.

Reference point
For reference point, in Rel-16, all gNB measurement reference point for TOA measurement was changed as per RAN4 request [2] to the following.
	The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.



Different reference points corresponds the different testing port available at the gNB, which we believe also applied to power measurement. It is not fixed for UL SRS RSRP in Rel-16 because it is not provided in the RAN4 LS [2].
We understand that it may be different from what is provided to timing measurement, e.g. it does not make much sense to define the RSRP reference point as the radiation region, but it should be meaningful to ask RAN4 to consider the reference point for path RSRP measurement with potential fix to overall RSRP for Rel-17.
Proposal 3: Send an LS to RAN4 asking whether the reference point for RSRP measurement, including UL SRS-RSRP and path UL SRS-RSRP, should be differentiated with different base station types (1-C, 1-H, 1-O/2-O).

Conclusion
In this contribution, we have the following observations and proposals regarding UL-AoA enhancement in Rel-17.
Observation 1: Receiver diversity is used to estimate UL AoA for gNB, and should be used to estimate the path RSRP jointly.

Proposal 1: Confirm the definition of UL SRS-RSRPP implemented in the draft CR of TS 38.215.
Proposal 2: For path UL SRS RSRP measurement reporting, when receiver diversity is in use, support 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: Send an LS to RAN4 asking whether the reference point for RSRP measurement, including UL SRS-RSRP and path UL SRS-RSRP, should be differentiated with different base station types (1-C, 1-H, 1-O/2-O).
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