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[bookmark: OLE_LINK1]Introduction
According to the agreed WID in RAN#90e meeting [1], RAN1#104e meeting discussed some possible solutions to improve positioning accuracy for DL-AOD method [2]. In this contribution, a number of remaining details and other promising approaches for accuracy improvements of DL-AOD are analyzed and proposed.
Timing information for DL-AOD
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.


In last meeting, the above agreement was approved for further enhancements of DL-AOD method. In this section, the importance of reporting first path will be analyzed. As specified in Rel-16, the network normally configures many reference signals 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 [3] 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 in 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 RSRP may not correspond to the line-of-sight direction.
In the current specification, DL-AOD report only supports RSRP measurement by UE. One possible way to address above problem is that UE should be capable of doing timing measurement aside from 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 the arriving time of the first path from at least one reference signal so that the reference signal corresponding LOS direction has the earliest arriving time and the network may utilize the arriving time of RS1 shown in FIG.1 to locate the UE coarsely. 
· [bookmark: OLE_LINK5]In another example, as shown in FIG.1, if the reference signal time difference of RS1 and RS2 is reported, it can provide additional information for single base station based positioning, i.e. the reference signal time difference may determine a virtual base station.
Proposal 1: In addition to 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,
· the arrival time of the first path from at least one reference signal per TRP
· reference signal time differences among reference signals from the same TRP
Rx Beam reporting enhancements

[bookmark: _GoBack]In Rel-16 specifications, UE can indicate whether some reference signals received by UE are based on the same Rx beam. However, it’s still unclear whether this information can be useful for positioning because the network may only care about which RS is received with largest RSRP or with the line-of-sight direction. As depicted in FIG.2, UE utilizes different Rx beams (i.e. Rx beam 1, Rx beam 2 and Rx beam 3) to receive different reference signals (i.e. RS1, RS2 and RS3). If UE can report angular differences between Rx beams when receiving reference signals, which can be very useful for positioning. For instance, if the angular difference between Rx beam 2 and Rx beam 3 (i.e.) is too large, it’s highly possible that one of the RS2 and RS3 is corresponding to NLOS link. What’s more, when the AOD at transmission side and AOA at receiver side from both LOS/NLOS links are known to LMF, it can also be beneficial for increasing positioning accuracy by using virtual base stations.


FIG.2 Example of angular differences between Rx beams when receiving reference signals
Observation 2: The angular differences between Rx beams when receiving reference signals can be useful for NLOS identification and accuracy improvement.
Proposal 2: Rel-17 should support UE to report angular differences between Rx beams when receiving reference signals for UE-assisted DL-AOD.
Angle calculation enhancement for DL-AoD
	Regarding support of angle calculation enhancement for DL-AoD, consider the following options:
· Option 1: Support gNB providing the beam/antenna information to the LMF.
· FFS the details of contents of the beam/antenna information.
· FFS the details of how to report the beam/antenna information.
· Note: The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· Note 2: The antenna information is related to reducing the overhead of beam information
· Option 2: Support angle report from gNB to LMF.
· Note: Option 2 could be down prioritized to Option 1 if angle calculation enhancement for DL-AoD is supported
· Note 2: Input from other WGs may be needed to evaluate this enhancement.
· FFS: Applicability of both options to either or both of UE-assisted DL-AoD and UE-based DL-AoD


The above proposal was discussed over email in last meeting, but no consensus was reached due to the time limit. The proposal intends to provide beam/antenna information as supplementary to UE’s measurements. For UE-assisted DL-AOD, the gNB beam/antenna information is forwarded to LMF in option 1, so LMF can get AOD information by using beam/antenna information from gNB and RSRP report form UE. On the other hand, the AOD information is derived by gNB based on the input (i.e. RSRP report) from LMF in option 2. Option 2 is not required to define gNB beam/antenna information and this option provides gNB flexibility to update beams without the need to inform LMF. However, option 2 is not so efficient from latency perspective on account of additional procedures. Meanwhile, the LPP message is transparent to gNB in current specification, because the positioning measurements should not be exposed to gNB for sake of security. In addition, if we plan to support angle calculation enhancement for UE-based DL-AOD, the beam/antenna information has to be defined anyway.
Observation 3: Support gNB providing the beam/antenna information to the LMF is beneficial to positioning latency and security. The beam/antenna information defined for UE-assisted DL-AOD can be also applicable to UE-based DL-AOD.
Proposal 3: Support gNB providing the beam/antenna information to the LMF and further discuss the details of contents of the beam/antenna information.
[bookmark: OLE_LINK6]As raised by several companies in last meeting, for UE-based DL-AOD, provide radiation pattern for each DL PRS resource to UE will consume a mass of overhead. So, how to reduce overhead is what we need to consider. The expected AOA/ZOA and AOA/ZOA uncertainty was approved in last meeting, which provides an angle range for UL reception. Although the current specification supports expected RSTD and RSTD uncertainty for DL measurement, which only assists UE to find the subframe boundary from different TRPs. In order to use priori spatial information maintained by LMF, similar to UL measurement, the expected AOD and AOD uncertainty can also be defined for DL measurement. 
· Firstly, the expected AOD and AOD uncertainty can improve UE’s power efficiency because UE doesn’t need to measure the DL reference signals outside the angle range. 
· In the meantime, radiation pattern for each DL PRS resource can also be restricted to the angle range provided by expected AOD and AOD uncertainty, which will significantly reduce overhead for forwarding radiation pattern information in use by UE-based DL-AOD.
Observation 4: The expected AOD and AOD uncertainty can improve UE’s power efficiency and reduce overhead for forwarding radiation pattern information.
Proposal 4: To assist UE’s DL measurement, support LMF providing expected AOD and AOD uncertainty to UE. The expected AOD and AOD uncertainty can follow similar definition as expected AOA/ZOA and AOA/ZOA uncertainty.
Proposal 5: To reduce overhead for providing radiation pattern in use by UE-based DL-AOD, the radiation pattern for each DL PRS resource is restricted to the angle range provided by expected AOD and AOD uncertainty.
Adjacent beams for UE-assisted DL-AOD
	Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17


Several companies proposed to report adjacent beams to facilitate the finer granularity of AOD estimation. The above agreement was approved for further study. In general, if one beam is detected with highest RSRP, so adjacent beams will normally be received with relatively high RSRPs. In current specification, UE supports up to 8 RSRPs per TRP, so it’s possible UE will report those beams including central beam and adjacent beams. However, as shown by the example in FIG.1, although the RS2 is measured with highest RSRP, the beam of RS2 doesn’t correspond to LOS direction. Therefore, there is no benefit to report the adjacent beams of RS2. 
Observation 5: Reporting of adjacent beam information doesn’t provide obvious benefit for DL-AOD method. It can be done by implementation.
Proposal 6: It’s not necessary to enhance UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report.
Conclusions
In this contribution, a number of remaining details and other promising approaches for accuracy improvements of DL-AOD are discussed. We have following observations and proposals,
Observation 1: For a DL-AOD measurement report, due to ALOS problem, the largest RSRP may not correspond to the line-of-sight direction.
Proposal 1: In addition to 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,
· the arrival time of the first path from at least one reference signal per TRP
· Reference signal time differences among reference signals from the same TRP
Observation 2 : The angular differences between Rx beams when receiving reference signals can be useful for NLOS identification and accuracy improvement.
Proposal 2: Rel-17 should support UE to report angular differences between Rx beams when receiving reference signals for UE-assisted DL-AOD.
Observation 3: Support gNB providing the beam/antenna information to the LMF is beneficial to positioning latency and security. The beam/antenna information defined for UE-assisted DL-AOD can be also applicable to UE-based DL-AOD.
Proposal 3: Support gNB providing the beam/antenna information to the LMF and further discuss the details of contents of the beam/antenna information.
Observation 4: The expected AOD and AOD uncertainty can improve UE’s power efficiency and reduce overhead for forwarding radiation pattern information.
Proposal 4: To assist UE’s DL measurement, support LMF providing expected AOD and AOD uncertainty to UE. The expected AOD and AOD uncertainty can follow similar definition as expected AOA/ZOA and AOA/ZOA uncertainty.
Proposal 5: To reduce overhead for providing radiation pattern in use by UE-based DL-AOD, the radiation pattern for each DL PRS resource is restricted to the angle range provided by expected AOD and AOD uncertainty.
Observation 5: Reporting of adjacent beam information doesn’t provide obvious benefit for DL-AOD method. It can be done by implementation.
Proposal 6: It’s not necessary to enhance UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report.
References
[1] RP-202900, New WID on NR Positioning Enhancements, CATT, Intel Corporation, Ericsson
[2] Draft Report of 3GPP TSG RAN WG1 #104-e v0.3.0, RAN1 Chairman Notes
[3] 3GPP TS 38.455 V16.2.0 (2020-12) NR Positioning Protocol A (NRPPa) (Release 16)

3

image3.emf
Base Station

UE

Reflector 2

α

1

α

2

Reflector 1

RS 1

RS 2

RS 3

Rx beam 1

Rx beam 2

Rx beam 3


BLOCKAGE
Base Station
UE
REFLECTOR
RS 1
RS 2
RS 3



image1.emf
Base Station

UE

REFLECTOR

RS 1

RS 2

RS 3


oleObject2.bin

image2.wmf
2

a


Base Station
UE
Reflector 2
α1
α2
Reflector 1
RS 1
RS 2
RS 3
Rx beam 1
Rx beam 2
Rx beam 3



