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Introduction
[bookmark: _GoBack]According to the agreed WID [1], a number of agreements have been approved to improve positioning accuracy for DL-AOD method before the WID was officially done in RAN1. In this contribution, some remaining issues on accuracy improvements of DL-AOD are analyzed and the corresponding proposals are suggested. 
Information related to the first arriving path
We have made agreements to define the path DL PRS RSRP. There are two remaining issues related to the first arriving path
· Issue#1: Whether the path PRS RSRP measurement should be normalized with PRS RSRP
· Issue#2: Whether the relative timing between DL PRS resources should also be reported in addition to path PRS RSRP
For Question#1, we think the path PRS RSRP of a DL PRS resource should be reported relative to the corresponding DL PRS-RSRP. The path PRS RSRP was proposed to address the case when the DL PRS-RSRP cannot reflect the power variations between different DL PRS resources in a specific angle because of the power contributions from NLOS paths. However, if the DL PRS-RSRP and path PRS RSRP are both reported, which could be used for LOS identification. For example, the Rician K-factor is defined by a ratio between first path (or LOS path) and remaining paths, which can be derived from the DL PRS-RSRP and path PRS RSRP for first detected path.
Proposal 1: The path PRS RSRP of a DL PRS resource is reported relative to the corresponding DL PRS-RSRP at least for first detected path.
As specified in Rel-16, the network normally configures many reference signal resources for DL-AOD measurement, where different reference signal resources may correspond to different transmission beams. UE will measure reference signals and report RSRP of some resources. Then the network will utilize the measurement to locate the UE based on the angle information in TRP INFORMATION RESPONSE message from TRPs and the DL-AOD measurement report from UE. So, it’s quite straightforward that the largest RSRP of one TRP may be regarded as a line-of-sight direction of the TRP. However, there are some cases that largest RSRP is not actually the line-of-sight direction.


FIG.1 Example of Attenuated Line of Sight (ALOS) link
Take FIG.1 as an example, even though RS1 is in the line-of-sight direction. However, the power of RS1 attenuates a lot due to the blockage (i.e. ALOS). As a consequence, the RSRP1 value may be smaller than RSRP2 value even the RS1 corresponds to a line-of-sight direction and RS2 corresponds to the non-line-of-sight direction. Therefore, if the positioning calculation is based on RS2 at network side, the positioning performance will degrade consequently. So, how to find a promising way to address this problem is important for DL-AOD enhancement.
Observation 1: For a DL-AOD measurement report, due to ALOS problem, the largest first path PRS RSRP may not correspond to the line-of-sight direction.
According to previous agreements, DL-AOD report supports path PRS RSRP measurement by UE. One possible way to address above problem is that UE should be capable of doing timing measurement aside from path PRS RSRP measurement. That is, UE can also report reception timings in addition to RSRP, so that UE can provide some supplementary information for network to decide which RSRP or which reference signal probably corresponds to a line-of-sight direction. Even if a UE is not capable of supporting timing based positioning methods (e.g. DL-TDOA or Multi-RTT), the timing information in DL-AOD measurement report is still beneficial for positioning accuracy improvement. 
· In a first example, the timing information could be time of arrival (TOA) of reference signal so that the reference signal corresponding LOS direction has smallest TOA and the network may utilize the arriving time of RS1 shown in FIG.1 to locate the UE coarsely. 
· [bookmark: OLE_LINK5]In a second example, as shown in FIG.1, if the reference signal time difference of RS1 and RS2 is reported (i.e. Intra-TRP TDOA), it can provide additional information for single base station based positioning, i.e. the time difference between different reference signals may determine a virtual base station.
· In a last example, if LMF gets a first path DL PRS RSRP vector from UE, LMF wants to make sure that all RSRP(s) have experienced almost the same path loss over air. So, LMF can believe that the power differences between first path PRS RSRPs are caused by the power differences between beam gains on a specific angle.
Observation 2: The timing information in DL-AOD measurement report can bring the following benefits,
· Network may utilize time of arrival (TOA) to locate the UE coarsely;
· It can provide additional information for single base station based positioning, i.e. the time difference between different reference signals may determine a virtual base station;
· LMF can believe that the power differences between first path PRS RSRPs are caused by the power differences between beam gains on a specific angle.
Proposal 2: In addition to first path DL PRS RSRP measurement for UE-assisted DL-AOD, Rel-17 UE should be able to report information corresponds to the arrival time of the first path, which includes,
· Time of arrival( i.e. TOA) for at least one DL PRS resource per TRP
· Time differences of first detected paths among DL PRS resources from the same TRP (i.e. Intra-TRP TDOA)
Angle calculation enhancement for DL-AoD 
	Agreement:
From the RAN1 perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD:
· The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· Note: the peak power per angle is not provided
· Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and UE-based
· Send an LS to RAN2/RAN3 to decide on the signaling details
Agreement:
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, the following is supported 
· Indication of expected angle value and uncertainty (of the expected azimuth and zenith angle value) range(s) is signaled by the LMF to the UE
· The type of expected angle and uncertainty can be requested by the UE, between the following options
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE


To assist angle calculation for UE-based DL-AOD, the above agreement was approved. If LMF is aware of beam pattern information of TRP, a mapping of angle and beam gains for each of the PRS resources can be provided directly to UE. However, providing angle and gain table for all DL PRS resources to UE will consume a mass of overhead. Fortunately, as we agreed in RAN1#107-e, the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s)can be provided to UE, which means UE is not necessary to measure reference signals outside the expected uncertainty window. Therefore, angle and gain table for DL PRS resources can also be restricted to the expected uncertainty window provided by the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s), which will significantly reduce the overhead. 
Proposal 3: For beam information provided by LMF for UE based DL-AOD, the range of angles [θ1, θ2] can be determined by expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value).
DL PRS Rx beam index 
In current NR DL-AoD positioning method, when the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same DL PRS Rx beam index have been performed using the same spatial domain filter for reception. However, as cited texts from TS 38.214 in the following table, this mechanism only restricts to DL PRS-RSRP measurements from the same DL PRS resource set. For example, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets. In this case, LMF can’t assume that the two DL PRS-RSRP measurements are associated with the same spatial domain filter for receiving corresponding DL PRS resources.
	Clause 5.1.6.5 of TS 38.214:
The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex  [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.


Observation 3: According to the DL PRS Rx beam index mechanism defined in Rel-16, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets.
[image: 图片1]
FIG.2 An example of transmitting and receiving DL PRS
As shown in the FIG.2, two DL PRS resource sets transmitted from the same TRP of the same positioning frequency layer can be implemented to jointly estimate DL-AOD, so it’s possible that two DL PRS resources from different DL PRS resource sets are received by the same spatial domain filter (i.e. the same DL PRS Rx beam index). With this information being reported to LMF, LMF can determine that whether the two different DL PRS-RSRP measurements associated with the two DL PRS resources are due to different TRP transmission beams or different UE Rx beams when conducting angle calculation.
Furthermore, in Rel-16, UE can support receiving at most 4 positioning frequency layers per TRP. Normally, DL PRS transmitted from different positioning frequency layers may experience different channel impairments. Hence it’s better that Rx beam sweeping and Tx beam sweeping are conducted independently for different positioning frequency layers. However, it could be also possible that the two DL PRS resource sets in FIG.1 are from two different positioning frequency layers, where the different positioning frequency layers are within the same frequency band and thus share similar channel impairments. 
Proposal 4: When the UE reports DL PRS-RSRP measurements from DL PRS resource sets associated with the same positioning frequency layer and the same TRP, the DL PRS-RSRP measurements associated with the same DL PRS Rx beam index have been performed using the same spatial domain filter for reception. 
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to increase positioning accuracy for DL-AOD, the following observations and proposals are proposed,
Proposal 1: The path PRS RSRP of a DL PRS resource is reported relative to the corresponding DL PRS-RSRP at least for first detected path.
Observation 1: For a DL-AOD measurement report, due to ALOS problem, the largest first path PRS RSRP may not correspond to the line-of-sight direction.
Observation 2: The timing information in DL-AOD measurement report can bring the following benefits,
· Network may utilize time of arrival (TOA) to locate the UE coarsely;
· It can provide additional information for single base station based positioning, i.e. the time difference between different reference signals may determine a virtual base station;
· LMF can believe that the power differences between first path PRS RSRPs are caused by the power differences between beam gains on a specific angle.
Proposal 2: In addition to first path DL PRS RSRP measurement for UE-assisted DL-AOD, Rel-17 UE should be able to report information corresponds to the arrival time of the first path, which includes,
· Time of arrival( i.e. TOA) for at least one DL PRS resource per TRP
· Time differences of first detected paths among DL PRS resources from the same TRP (i.e. Intra-TRP TDOA)
Proposal 3: For beam information provided by LMF for UE based DL-AOD, the range of angles [θ1,θ2] can be determined by expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value).
Observation 3: According to the DL PRS Rx beam index mechanism defined in Rel-16, LMF would not understand how to interpret the case when two DL PRS-RSRP measurements associated with the same DL PRS Rx beam index are derived from different DL PRS resource sets.
Proposal 4: When the UE reports DL PRS-RSRP measurements from DL PRS resource sets associated with the same positioning frequency layer and the same TRP, the DL PRS-RSRP measurements associated with the same DL PRS Rx beam index have been performed using the same spatial domain filter for reception. 
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