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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is revised from R1-1907545.
At RAN1#96bis, an agreement on UE RX beamforming behavior for DL PRS reception was approved:

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.

In this agreement, DAoD estimation in multi-path environment was not considered.
In this contribution, we further discuss the measurements reporting for DAoD positioning in FR2. In particular, we focus on the necessary enhancements on UE measurement and reporting to improve the DAoD performance in multi-path scenarios. 

[bookmark: _Ref129681832]DAoD estimation in multi-path channel 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]For DAoD positioning, the gNBs transmit PRS resources in a beam-sweeping manner, and configure the UE to report the beam/RS measurement results (e.g. RSRP). The gNB can then estimate the DAoD with a maximum likelihood estimation algorithm. More detail can be found in our companion contribution [1].
In the presence of multi-path environment, some companies proposed that the UE should report the first received path or the strongest path detected for each PRS resource. In a LOS scenario, before RX beamforming, the first received path is likely to be largest path. If the first paths from different Tx beams are detected and reported correctly, the UE’s DAoD can be estimated accurately.
Consider the case shown in Figure 1, where without loss of generality only two propagation paths exist between gNB and UE. One is a direct path (denoted in red), and the other is a reflecting path (denoted in green), and the delay between the two paths is 3Ts. When more than two paths exist, it can be dealt in the similar way.
gNB transmits PRS in three beams, shown as PRS resource #0, #1, and #2, and each beam would have an impact on the receive power for each path measured by the UE. When more beams are configured, more receive powers are reported per path, and thus a more accurate DAoD can be calculated.
For UE to do the reporting, due to the beam gain, noise impact, and power loss in signal propagation, whether to report the largest path or first received path is actually a tradeoff between robustness and accuracy. In particular, 
· Case a: UE correctly detects all the first paths in three beams, and reports the path power, which can be used for DAoD determination for the direct path, i.e., UE direction.
· Case b: The first received path, if it is not the strongest path, is vulnerable to noise and interference, which could lead to miss detection and false alarm. As shown in the case b in Figure 1, the power of the first path is too small for PRS resource #0, and is missed by the UE. So UE reports the reflecting path as the first path for PRS resource #0, and the direct path for PRS resource #1 and #2, which could sacrifice the estimation accuracy and lead to severe DAoD estimation error.
· Case c: The strongest path, if it is not the first received path, is not a LOS path. As shown in the case c in Figure 1, UE reports as the strongest path for 3 PRS resources the reflecting path for PRS resource #0 and the direct path for PRS resource #1 and #2, which could sacrifice the estimation accuracy and lead to severe DAoD estimation error.

Observation 1: Reporting either the first received path or the strongest path is a tradeoff between robustness and accuracy.
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Figure 1: Impact of multi-path effect on DAoD estimation 

To resolve this issue, both the largest path and first received path should be reported to the gNB to guarantee estimation accuracy. In LTE, multi-path reporting is already supported for RSTD reporting. It is natural to support multi-path power reporting to improve the DAoD estimation. Unlike TDOA estimation, the DAoD estimation requires the power of the same path (i.e. with the same path delay) transmitted from different TX beams. Therefore, the association between the measurements and corresponding path should be indicated in the UE measurements report. The report should contain a set of measured values for each reported path so that the impact of false/miss detected path can be alleviated. Consequently, we propose delay grouped reporting of the path received power (PRP) as follows:

Table 1 Receive power report for multi-path DAoD
	Path index
	relative delay
	resource #1
	resource #2
	resource #3

	0
	0Ts
	PRP 1-1
	PRP 1-2
	PRP 1-3

	1
	3Ts
	PRP 2-1
	PRP 2-2
	PRP 2-3




Proposal 1: Support delay and path power reporting in case of multi-path scenarios for DL-based positioning.
Proposal 2: Path received power measurements contain a set of measured values for each reported path.

Conclusions
In this contribution, we present our views the enhancement in UE measurement and reporting to improve the DAoD performance in multi-path scenarios. Based on the discussion, we have the following observations and proposals:
Observation 1: Reporting either the first received path or the strongest path is a tradeoff between robustness and accuracy.
Proposal 1: Support delay and path power reporting in case of multi-path scenarios for DL-based positioning.
Proposal 2: Path received power measurements contain a set of measured values for each reported path.
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