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Introduction
In RAN#90-e, the approved WI for Rel-17 positioning enhancement includes the following objective [1].
	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.



In this contribution, we present our view on potential positioning enhancement for DL-AoD.
The common issues of angle based positioning can be found in our companion contribution [2].

Angle calculation and the related assistance data
DL-AoD angle calculation was discussed in Rel-16 in RAN3#106 with the LS [3] sent to RAN2, where two Options were on the table based on RAN3 input. RAN3 preferred that the angle conversion should be done at LMF, shown as follows. 
	From architecture perspective; there are two options for the measurements reporting and AoD calculation: 
· Option 1: LMF calculates the AoD based on the UE measurements and RAN node assistance information. LMF then further calculates UE location based on the AoDs.
· Option 2: The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.  
RAN3 has discussed and prefers to support option 1 for DL-AoD positioning method in the stage 2 specifications.



For Option 1, the procedures are shown in Figure 1, where LMF obtains the beam information from the gNB in advance, and converts the RSRP measurement reported by the UE to the angle and further calculates the UE position.
[image: ]
[bookmark: _Ref60754681]Figure 1 LMF calculating the angle based on RSRP report from UE
For Option 2, the procedures are shown in Figure 2, where LMF obtains the RSRP measurement from the UE report, forwards the RSRP measurement to the gNB reusing the measurement procedure, obtains the angle measurement from the gNB, and calculates the UE position.
[image: ]
[bookmark: _Ref60754828]Figure 2 gNB calculate the angle based on RSRP report collected by LMF
Rel-16 only supports Option 1 in the end, but the respective NRPPa signaling does not support the full beam response to help LMF calculate the angle based on RSRP report from UE; instead a light version of PRS angle information reflecting the main radiation direction for each PRS resource [4].
	[bookmark: _Toc56773308]9.2.58	NR-PRS Beam Information
This IE contains spatial direction information of the DL-PRS Resources.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR-PRS Beam Information
	
	[bookmark: _Hlk50063006]1 .. < maxPRS-ResourceSets >
	
	

	>PRS Resource Set ID
	M
	
	INTEGER (0..7)
	The resource set in which the resources are associated with the angle.

	>PRS Angle Item
	 
	[bookmark: _Hlk50063024]1..< maxPRS-ResourcesPerSet >
	 
	

	>>NR PRS Azimuth
	M
	
	INTEGER (0..359)
	

	>>NR PRS Azimuth fine
	O
	
	INTEGER (0..9)
	Fine angles

	>>NR PRS Elevation
	O
	
	INTEGER (0..180)
	

	>>NR PRS Elevation fine
	O
	
	INTEGER (0..9)
	Fine angles

	LCS to GCS Translation
	
	0 .. <maxnolcs-gcs-translation>
	
	If absent, the azimuth and elevation are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..359)
	

	>Alpha-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Beta
	M
	
	INTEGER (0..359)
	

	>Beta-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Gamma
	M
	
	INTEGER (0..359)
	

	>Gamma-fine
	O
	
	INTEGER (0..9)
	Fine angles






There was some effort in RAN2 to introduce 3dB beamwidth information for UE-based DL-AoD assistance data, which did not reach any consensus in the end [5][6][7].
To enhance the DL-AoD accuracy, enhancing Option 1 and/or supporting Option 2 can be discussed.
For Option 1 enhancement, a detailed beam response should be defined as TRP information exchange procedure. The beam response could be either one of the following.
Radiation pattern for each DL PRS resource at the set of AoAs or pairs of {AoA, ZoA}
Parameterized description, e.g. antenna layout and antenna scale, precoder type (e.g. DFT)
3dB bandwidth
For Option 2, the detailed beam response is not required to be defined, and the existing NRPPa MEASUREMENT REQUEST/REPONSE can be used for the LMF to request gNB to calculate the angle information.
We think that Option 2 can avoid defining complicated signaling format corresponding to the detailed beam response across different working groups, so that no major specification impact is expected. Secondly, Option 2 can reduce the overhead of exchanging beam radiation pattern between gNB and LMF. Thirdly, Option 2 does not need LMF to increase the storage of detailed beam patterns, and the angle calculation can be dispatched/offloaded to each individual TRP. Last, Option 2 offers gNB flexibility to switch the beam configuration without need of notifying the LMF, so that gNB implementation-based optimization is possible.
Proposal 1: Support LMF to request angle calculation to the gNB for DL-AoD in Rel-17, i.e. the following Option from R3-197794.
· The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.

Path-specific DL-AoD
Rel-16 only supports RSRP measurement for DL-AoD, and the results may be inaccurate considering multipath propagation for the indoor scenario, as the RSRP is the sum power of all paths.
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). When more than two paths exist, it can be dealt in a 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 DL-AoD can be calculated. The benefit of path-specific AoA [2] can also be used for DL-AoD.
[image: ]
Figure 3 Illustration of multipath under multi-beam transmission
Proposal 2: Support path specific power reporting for DL-AoD positioning.

UE based positioning enhancement
For UE-based DL-AoD positioning, we may face the same drawback as the angle calculation Option 1, where a remarkable specification impact is envisioned to define the beam radiation pattern, as well as the overhead to convey the beam pattern to the UE. What makes it even worse is that the overhead happens over the air interface between UE and NG-RAN for UE-based positioning. 
A rough estimation of payload to carry the beam pattern for a single TRP is provided below in Table 1, where
· For each angle, there are 8 PRS resources that have radiation power toward that angle, which corresponds to the maximum of 8 RSRP reports that DL-AoD supports, which requires 8x6=48 bits to encode the PRS resource ID.
· For each of the resources under an angle, 7 relative powers should be provided assuming the maximum power is normalized to 1, and the relative power can be quantized using the same way as differential RSRP, which requires 7x5 bits to encode the relative radiation power.
· There may be 181x91 entries of angles, considering the horizontal resolution of 1 degree covering the AoA range of (0:180) and the vertical resolution of 1 degree covering the ZoA range of (90:180) assuming the region of interest lies below the gNB.
[bookmark: _Ref61363165]Table 1 Format of DL-AoD beam radiation pattern
	Angle
	PRS resource ID
	Normalized radiation pattern, where  is the radiation pattern of PRS resource ID#x_y from angle#x

	Angle#0
	ID#0_0
	Normalized to 1

	
	ID#0_1
	

	
	ID#0_2
	

	
	...
	...

	Angle#1
	ID#1_0
	Normalized to 1

	
	ID#1_1
	

	
	ID#1_2
	

	
	...
	...

	...
	...
	...



The estimated overhead is

Observation 1:  To allow UE-based DL-AoD enhancement, the payload of the assistance data for one TRP to convey the beam response may take 1.37 Mbits, which would be transmitted over air-interface.
Due to the reason mentioned above, we have the following proposal.
Proposal 3: UE-based DL-AoD enhancement should be lower priority due to large air-interface overhead.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning enhancement in Rel-17.
Observation 1:  To allow UE-based DL-AoD enhancement, the payload of the assistance data for one TRP to convey the beam response may take 1.37 Mbits, which would be transmitted over air-interface.
Proposal 1: Support LMF to request angle calculation to the gNB for DL-AoD in Rel-17, i.e. the following Option from R3-197794.
· The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.
Proposal 2: Support path specific power reporting for DL-AoD positioning.
Proposal 3: UE-based DL-AoD enhancement should be lower priority due to large air-interface overhead.
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