[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #104bis-e 	R1-2103401
E-meeting, April 12th – April 20th, 2021

Agenda Item:	8.5.3
Source:	Huawei, HiSilicon
Title:	Enhancement for DL AoD positioning
Document for:	Discussion and Decision 


Introduction
RAN#91e approved the positioning enhancement WI update [1] with the following objective.
	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.



In this paper, we discuss the potential enhancements on DL-AoD positioning.

Path power reporting
In RAN1#104-e [2], we made the following agreement on path-specific power reporting.
	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.



For Option 1, this should be an obvious enhancement that clearly shows accuracy benefit, as only the angle of the LOS path can map to a valid UE location.
For Option 2, this would require coherent multi-port PRS transmission/reception. With the single-port PRS, this will require multiple PRS resources maintaining phase continuity, which may add some restrictions on PRS transmission.
For Option 3, this actually seems to be hybrid positioning with TDOA/RTT. The problem is how to represent the TOA of the first path. It can be DL RSTD or UE Rx – Tx time difference, but this will impact the existing DL-AoD measurement configuration and reporting framework. It is also unclear whether the TOA of the first path can be different in different PRS resources, in which case UE is actually reporting different paths, and thus the benefit from it towards AoD calculation is not clear. This may also be related to the criterion of selecting the first path.
For Option 4, the phase of the first path for the CIR also require coherent multiple ports, or at least the initial phase between different PRS resources should be known in advance, which may add some restrictions on the PRS transmission.
For Option 5, this can be regarded as combination of Option 1 + Option 4 with amplitude + phase versus I/Q part.
So among the five options, we suggest to support Option 1.
Proposal 1:  Support only the following Option 1 for enhancing DL-AoD.
Option 1: Information corresponds to PRS-RSRP of the first arriving path.

Regarding reporting of additional path to the first arriving path, we think this can be similar to what is adopted for UL-AoA, and the path power observed in different beams should be used to determine the AoD of the path.
Regarding measurement definition, we do not see the need to capture it in the TS 38.215. This is because the path power may be subject to implementation/sampling time. The most important factor should be the relative path power among different resources and among different paths.
Regarding the determination of the first path, our understanding is there should be a rule in generally to select the same path across multiple resources, not particularly for the first one. In the example shown in Figure 1, there are two paths in the environment, showing different relative power under different PRS resources (different beams). Due to the transmission timing alignment from the TRP, the same path under different beam is supposedly to have the same TOA in the CIR, but under some criterion of selecting the first path, UE may report P01, P10, and P20 as the “first path” observed in PRS resource #0, #1, and #2, respectively, as shown in Figure 1. Such a reporting will not help DL-AoD angle calculation at all, and will even cause error of angle calculation, as clearly the LOS path should not generate a high path power under PRS resource #0. 
In summary, we think the same (first) path across multiple resources should be associated with the same TOA, and for the cases when a path is observed in one resource, but not in a second resource, the cause should be that the path is spatially shaped by the beam coefficient.
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[bookmark: _Ref67500392]Figure 1 Illustration of multipath under multi-beam transmission
In summary, we have the following proposal.
Proposal 2: The first path across multiple PRS resources should be corresponding to the same TOA in the CIR.

Regarding assistance data to support this, in RAN1#104-e, we made the agreement on providing AoA assistance to facilitate UL-AoA measurements. The similar mechanism also can be utilized to ensure correct angle calculation in DL-AoD. For the example described in Figure 2, the expected angle can help UE choose the correct Rx beam to receive PRS resource #1 (not PRS resource #2) which corresponding to LOS path.
In Figure 2, UE  may use either Rx beam #0 or Rx beam #1 to receive the three PRS resources, with Rx beam #0 pointing to the incoming angle of PRS resource #1 and Rx beam #1 pointing to the incoming angle of PRS resource #0. The assistance information could indicate that UE should use the Rx beam #0, assuming UE is able to identify its orientation via e.g. IMU, so that the reported RSRPs across multiple resources could be associated with the first path TOA of PRS resource #1 and the DL-AoD angle of the LOS path could be correctly calculated.
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[bookmark: _Ref67738422]Figure 2 Rx beam number associated with multi-path number
Proposal 3: Support introducing expected DL AoA information in the assistance data to assist UE to selected Rx beam at least for DL-AoD.

Adjacent beams
In RAN1#104-e [2], we made the following agreement regarding adjacent beams.
	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



In our view, we do not see how “adjacent” beams should be defined, especially considering 3D beamforming, where the adjacency is on the two dimensions.
Even if the adjacent beams can be somehow defined, the signaling design may be too complicated. For example, each target beam may have its own set of adjacent beams, and as LMF may not be aware of which beam should be target beam and for the case of UE mobility, LMF needs to provide a full list of target beams, which overcomplicates the design of assistance data.
In case LMF would request UE to only measure a subset of beams, LMF may simply provide a proper assistance data, e.g. reduce the PRS resources in a set, set a proper sequence of the PRS resources if the priority between PRS resources can be defined.
In general, we do not think that it is feasible to introduce the concept of adjacent beams or that it can be left up to LMF implementation.
Proposal 4: Do not introduce the concept of the adjacent beams.

Increasing number of RSRPs
In RAN1#104-e [2], we made the following agreement on increasing the number of RSPR measurement per TRP.
	Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be  reported for a given PRS resource. 
· FFS: value for N.



In our view, we think Option 2 should be a valid solution, but the intention seems not quite clear. We should clarify that the commonality between Option 2 and Option 3 is that they intend to increase the total number of RSRPs (can be per-path RSRP) to be larger than 8, while the difference is that Option 2 still maintain the maximum number of 8 for the same Rx beam, and Option 3 does not specify that restriction. To our understanding, there seems less gain from further increasing the number of the powers per Rx beam.
The Rx beam should also be selected that match the DL AoA of the path, if the power of additional path can also be introduced.
As shown in Figure 2, the most ideal case should be UE reports 6 path-powers, corresponding to
{Path #0, PRS resource #0, Rx beam #0}
{Path #0, PRS resource #1, Rx beam #0}
{Path #0, PRS resource #2, Rx beam #0}
{Path #1, PRS resource #0, Rx beam #1}
{Path #1, PRS resource #1, Rx beam #1}
{Path #1, PRS resource #2, Rx beam #1}
Rx beam #0 is selected for optimization of AoD for Path #0, which is observed in the three PRS resources/beams, while Rx beam #1 is selected for optimization of AoD for Path #1, which is also observed in the three PRS resources/beams.
There could be some use cases if the same Rx beam is associated with multiple paths, where each path may have its own power reporting. We would prefer to further study the possibility of 8 measurements per path per the Rx beam index.
Proposal 5: Support up to 8 measurements [for a path] in a measurement report for the same Rx beam index.

Angle calculation
Two options were discussed in the last RAN1#104-e regarding DL-AoD angle calculation enhancement.
For Option 1, the procedures are shown in Figure 3 based on existing procedure. The enhanced beam information from the gNB is provided to the LMF and helps LMF converts the RSRP measurement reported by the UE to the angle and further calculates the UE position.
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[bookmark: _Ref60754681]Figure 3 LMF calculating the angle based on RSRP report from UE
For Option 2, the procedures are shown in Figure 4, 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.
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[bookmark: _Ref60754828]Figure 4 gNB calculate the angle based on RSRP report collected by LMF
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 6: Support the following DL-AoD angle calculation enhancements
The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF.

Conclusion
In this contribution, we have the following proposals regarding DL AoD enhancement in Rel-17.
Proposal 1:  Support only the following Option 1 for enhancing DL-AoD.
Option 1: Information corresponds to PRS-RSRP of the first arriving path.
Proposal 2: The first path across multiple PRS resources should be corresponding to the same TOA in the CIR.
Proposal 3: Support introducing expected DL AoA information in the assistance data to assist UE to selected Rx beam at least for DL-AoD.
Proposal 4: Do not introduce the concept of the adjacent beams.
Proposal 5: Support up to 8 measurements [for a path] in a measurement report for the same Rx beam index.
Proposal 6: Support the following DL-AoD angle calculation enhancements
The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF.
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