
3GPP TSG RAN WG1 #105-e			                      R1-2104361
e-Meeting, May 10th – 27th, 2021

Source:	vivo
[bookmark: Title]Title:	Discussion on potential enhancements for DL-AoD method
[bookmark: Source]Agenda Item:	8.5.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN# 91e meeting, a revised WID on NR Positioning Enhancements was approved [1]. From the angle-based positioning perspective, the WI includes 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.
· [bookmark: _Hlk57059470]DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.  


In this contribution, we present our views on DL-AoD enhancement.
Beam/antenna information
Only the boresight angle of the PRS resource has been included in TRP information to assist AoD positioning based on TS 38.455 [2], which is shown in the following table. 
	TS 38.455 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
	
	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
	 
	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


 



But boresight angle information is not enough to achieve high precision positioning. Additional beam/antenna information were agreed to be provided for DL-AOD enhancement based on the agreement in RAN1#104b-e meeting [3].
	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.




The detailed beam/antenna information is FFS. In our view, the detailed beam/antenna information should be dependent on the types of beams and considered separately.
Type 1: DFT beams
Type 2: Non-DFT beams
If two type beams are supported to provide the beam/antenna information, the indication about the beam type may need to be introduced. I.e., indicates it is a DFT beam or not? But, in the following subsection, we mainly discuss the detailed beam/antenna information for the different types of beams.
DFT beams
For DFT beams, based on formula (1), 2D beam response can be derived as long as the antenna configuration information is provided to LMF/UE since the boresight angle has been supported 
                                       (1)
where k is the antenna element index, and  is the number of horizontal antenna element.
The antenna configuration information includes at least the following information:
· [,],  is the number of horizontal antenna,  is the number of the vertical antenna; 
· Antenna spacing: dH, dV
· (optionally)Antenna pattern, such as omnidirectional or directional
Proposal 1: [bookmark: _Hlk71366720]
· For DFT beams, only antenna configuration information needs to be provided, and the antenna configuration information includes at least the following information:
· [,],  is the number of horizontal antennas,  is the number of the vertical antenna; 
· Antenna spacing: dH, dV
· (optionally)Antenna pattern, such as omnidirectional or directional
Non-DFT beams
For Non-DFT beams, it is difficult to represent the beam response to be a DFT vector. In our view, there are three options for providing the details of the beam/antenna information as the followings
Option 1: Providing  mapping table for each PRS resource, that is reporting RSRP values for [boresight angle -X: boresight +X] degree
Option 2: Providing the typical parameter of beams (such as intersection point of multiple beams , beamwidth)
Option  3: The parameters of an approximate function or distribution (e.g. the multidimensional Gaussian function) which is used to represent the beam response of PRS resource.
Proposal 2: [bookmark: _Hlk71366731]
· For Non-DFT beams, select one of the following options as the beam/antenna information:
· Option 1: Providing  mapping table for each PRS resource
· Option 2: Providing the typical parameter of beams (such as intersection point of multiple beams , beamwidth) for each PRS resource
· Option 3: The parameters of the approximate function which is used to represent the beam response of the PRS resource.
We had evaluated the performance of option 1 and option 2, there is no doubt that the performance of option 1 is better than option 2. But the overhead of option 1 is close to 30,000 times of option 2(For example, in option 1, the overhead of multiple resources can be 1/0.5*120* 1/0.5*120 *8 *resource number if 0.5-degree granularity for a range of 120 degrees for both Azimuth and Zenith and with 8 bits per RSRP value. The overhead of option 2 is (8+8)* resource number if with 8 bits per angle value and 8 bits per RSRP value ).
Consider the balance of performance and overhead, we prefer to support option 2 for UE-A and UE-B AoD, and optionally support option 1 for UE-A AoD.
[image: ][image: ]
Figure 1 The performance of DL-AoD enhancements with different beam information
Proposal 3: [bookmark: _Hlk71366748]
· For Non-DFT beams, support providing the typical parameter of beams (such as intersection point of multiple beams , beamwidth) for UE-A and UE-B DL-AoD. Support providing  mapping table only for UE-A DL-AoD.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In addition to the above beam/antenna information, if other enhancements(such as angle-based AoD positioning, also known as phase-difference-based AoD positioning) are supported, potential huge specification work on additional gNB beam/antenna information provision  are needed to be completed in R17. We think whether to introduce these additional potential specification impacts depends on whether these enhancements are supported. The related discussions can refer to section 5.3.
Expected DL-AoD
	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, study further whether to support at most one of 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
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· 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 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods


The purpose of supporting expected DL-AoD/ZoD value and uncertainty
We prefer to clarify all intentions for supporting the expected DL-AoD/ZoD value and uncertainty given it may be related to UE behavior and other assistance information. During previous RAN1 discussion, the following intentions are mentioned. 
· Intention 1: Select PRS resources based on Expected DL-AoD/ZoD and uncertainty
· Intention 2: Select Rx beam(s) based on Expected DL-AoD/ZoD and uncertainty

  
(a)  Intention 1 for selecting PRS resources                             (b) Intention 2 for selecting Rx beam(s)
Figure 2 Exemplary of Expected DL-AoD/ZoD and uncertainty
Before discussing the detailed intention, we would like to note that an expected uncertainty window is UE location-associated information, it may be different with the different UE or different location, even time information. And UE may only receive one expected uncertainty window in periodical positioning, just like expected RSTD. But the angular information is more sensitive information with UE location. So the validity of the expected AoD may need to be considered since the expected AoD will easily be changed with the UE movement.
Proposal 4: [bookmark: _Hlk71366862]
· The validity of the expected DL-AoD may need to be considered since the expected DL-AoD will easily be changed with the UE movement.
[bookmark: OLE_LINK5]For intention 1, just supporting expected DL-AoD/ZoD and uncertainty cannot help UE to choose the PRS resource for the UE-A method. UE can judge which PRS resource in the expected AoD window only by combining the boresight angle of the PRS resource. With the understanding that the boresight angle of PRS resources will be provided to UE together with expected DL-AoD/ZoD, we can support the enhancement and the intention.
Proposal 5: 
· Supporting to provide the boresight angle of the PRS resource first for selecting PRS resources by expected DL-AoD/ZoD. 
For intention 2, supporting expected DL-AoD/ZoD and uncertainty alone also cannot help UE to choose the Rx Beam. This is also dependent on UE capability on whether UE can identify the boresight angle of the Rx Beam.
Observation 1: [bookmark: _Hlk71366818]
· Unless UE can identify the angle of Rx Beam, supporting expected DL-AoD/ZoD and uncertainty cannot help UE to choose the Rx Beam.
In addition to the above observation, the criterion for which assistance data (such as QCL signal or expected AoD ) is used and corresponding UE behavior may need to be further study if enhance the Rx beam selection by expected AoD. For instance, there are three options for Rx beam selection.
· Option 1: Same Rx beam index with QCL signal.
· Option 2: UE implementation with Rx Beam sweeping.
· Option 3: Rx beam(s) selection within the expected AoD window.
Without introducing option 3, UE doesn’t need to introduce any criterion for option 1 or option 2. But, if option 3 is introduced, we should define UE behavior or priority rule for Rx beam(s) that is indicated by expected AoD or QCL-D signal. And the validity of the expected AoD also impacts the Rx beam(s) selection rule since the expected AoD will easily be changed with the UE movement.
Proposal 6: [bookmark: _Hlk71366834]
· A UE capability for whether UE can identify the GCS angle of Rx Beam needed to be introduced if Rx beam selection within the expected window is agreed. 
· UE behavior and selection criterion for Rx Beam selection needed to be considered if Rx beam selection within the expected window is agreed. 
TRP vs ARP

	TS 38.305 3.1
Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.



	For each TRP, the ARP location can be provided for each associated PRS Resource ID per PRS Resource Set.
TS 37.355 6.4.3

DL-PRS-ResourceSets-TRP-Element-r16 ::= SEQUENCE {
	dl-PRS-ResourceSetARP-r16			RelativeLocation-r16				OPTIONAL,	-- Need OP
	dl-PRS-Resource-ARP-List-r16		SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF
											DL-PRS-Resource-ARP-Element-r16	OPTIONAL,	-- Need OP
	...
}

DL-PRS-Resource-ARP-Element-r16 ::= SEQUENCE {
	dl-PRS-Resource-ARP-location-r16	RelativeLocation-r16				OPTIONAL,	-- Need OP
	...
}


In RAN1#104e meeting agreement, TRP is in the bracket. It is a consensus that [TRP] should represent the same location entity. The discussion point is on whether should be TRP or ARP (which is a collocated set of PRS resources).
In the current specification, there are two entities that related to the same location. One is TRP, in TS 38.305, that is defined as a set of geographically co-located antennas. Another is ARP, which has not been discussed in RAN1 and defined in TS 38.305, but is used in TS 37.355 where the ARP is defined as a sub-element of TRP. That is, for each TRP, the multiple ARP location can be provided for associated PRS Resource ID per PRS Resource Set. The typical Exemplary of ARP is shown in Figure 3.
[image: ]
Figure 3 Exemplary of ARP and associated of PRS resources
Introducing ARP may be beneficial for high accuracy positioning since the antenna spacing is 10cm level. But for expected AoD, the benefit of introducing expected AoD per ARP is difficult to understand since it is a coarse estimation and with a search window.
In addition, in Rel-16, expected RSTD is provided to the UE for each TRP. And we don’t see the reason letting expected AoD provided per ARP which is different with expected RSTD. It is noted there is no parameter is related to ARP in NR-DL-PRS-AssistanceData. That is ARP only used in UE-B assistance data. The architecture of NR-DL-PRS-AssistanceData may need to be revised if we support providing expected AoD for each ARP. So we prefer expected AoD is provided to the UE for each TRP.
	
NR-DL-PRS-AssistanceDataPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	nr-DL-PRS-SFN0-Offset-r16		NR-DL-PRS-SFN0-Offset-r16,
	nr-DL-PRS-ExpectedRSTD-r16		INTEGER (-3841..3841),
	nr-DL-PRS-ExpectedRSTD-Uncertainty-r16	
									INTEGER (0..246),
	nr-DL-PRS-Info-r16				NR-DL-PRS-Info-r16,
	...
}



Proposal 7: [bookmark: _Hlk71366873]
· Expected DL-AoD is provided to the UE for each TRP.
AoD enhancement with PRS resource selection
	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  



The beneficial cases of PRS resource selection
In RAN1#104b-e meeting, some companies concern the benefits when the LOS link is blocked. We have shown the performance improvement in the previous contribution [4]. In this section, we would like to further clarify the beneficial cases of PRS resource selection.
In our view, we can divide the LOS case into the following 3 cases based on LOS path RSRP as in Figure 4, and we would like to note the following thresholds are only used for explaining the use cases. 
· Case 1   , in this case, the LOS is the main component of the DL PRS-RSRP, the strongest beam is the yellow beam that corresponds to the LOS path direction and the second strongest beam(s) are the adjacent beam(s) of LOS path direction beam
· Case 2   , in this case, the strongest beam is also the yellow beam that corresponds to the LOS path direction, but the second strongest beam(s) is the path N direction beam.
· Case 3     in this case, the Path N direction beam is the strongest, in other words, the LOS direction Beam is not the strongest beam.


Figure 4 Exemplary use cases
We acknowledge the point made by some companies that only using the AoD method with adjacent beams cannot improve the performance of case 3. But we also didn’t find a significant performance deterioration compared with the strongest beam selection method since the LOS path RSRP is too small. In addition, using AoD method with adjacent beams can significantly improve the performance of case 1 and case 2 and are shown in Figure 5.  So, we believe it is worth introducing the method since it is beneficial for some use cases and without deterioration for other use cases.
[image: ][image: ]
Figure 5 The performance of AoD enhancements with strongest DL PRS-RSRP and adjacent beam information
The detailed signaling of PRS resource selection
Whether to identify adjacent beams or to select PRS resource (the intention 1 in section 3), supporting to provide the boresight angle of the PRS resource to UE is required for UE-A method. It is noted that the assistance information has been supported in UE-B AoD, in this case, we only need to extend it to the UE-A method.
Proposal 8: [bookmark: _Hlk71366889]
· Support to provide the boresight direction of PRS resource to UE for UE-A DL-AoD.
Besides, AoD enhancement with the strongest beams and adjacent beams are shown in previous contribution [4]. For AoD enhancement with the strongest beams, the performance of the 8 strongest PRS resources is significantly better than the 3 strongest PRS resources. This means always need to measure all PRS resources for selecting the 8 strongest PRS resources for each AoD measurement. Then, the power consumption of UE will increase if all PRS resources need to be measure for each AoD measurement. However, for AoD enhancement with adjacent beams, there is no difference with the 3 adjacent PRS resources or with the 8 adjacent PRS resources, even in DL PRS-RSRP case, the 3 adjacent PRS resources performance is better than 8 adjacent PRS resources. So AoD measurement with the adjacent beams can be requested when the requirement of latency and power consumption is restricted.
Observation 2: [bookmark: _Hlk68278771]
· Compared with AoD enhancement with the strongest beams, AoD enhancement with the adjacent beams is beneficial for latency and power saving.
Supporting the methods with adjacent beams only needs enhancing the signaling to identify PRS resource. And it is beneficial for latency and power saving. So, we propose
Proposal 9: [bookmark: _Hlk68278782]
· DL-AoD measurement with the adjacent beams can be requested when the requirement of latency and power consumption is tight.
Potential enhancement for AoD
In RAN1#104b-e meeting [2], the following agreement was achieved related to enhancing the AoD measurement of the first arriving path. 
	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.


We would like to discuss the definition of the first path, in the RAN1#104 meeting, some companies propose that ‘the “first path” is selected among PRS resources in a PRS resource set’. From a logical and simulation point of view, this definition is reasonable. However, from an implementation point of view, it is very difficult to extract especially for UE with mobility. For example, given the period of PRS can be configured such as {4, 5, 8, 10, 16, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}ms, and the slot offset can be 0~periodicity-1, this may result in a larger time interval and UE displacement between different resources/beams. In this situation, adopt the above first path definition may result in problems that many beams can’t report those RSRP because the first path is different. For us, the “first path” is difficult to select and define in multiple PRS resources.
Observation 3: [bookmark: _Hlk68278197]
· [bookmark: OLE_LINK6]If the relative displacement is considered for different resources in a PRS resource set, the definition of “first path” (the “first path” is selected among PRS resources in a PRS resource set) is difficult to extract especially for UE with mobility.
In the following subsection, we discuss the detailed enhancement related to the first arriving path.
PRS-RSRP with the first path 
Given option 1 is proposed to enhance PRS-RSRP measurement of the first path, the performance of PRS-RSRP and first path-RSRP is further analyzed in this section. Combing the use cases analyzing in section 4, we believe the path RSRP is beneficial for option 3, but we also concern about the actual performance and the complexity of implementation given the LOS RSRP is too small in case 3.
Observation 4: [bookmark: _Hlk68278220]
· The actual performance and the complexity of implementation of the first path RSRP may need to be further study.
[bookmark: Pro2]AoD enhancement with timing information
For option 3, which is clearly a further enhancement of option1, it should be discussed after option 1 is being agreed upon.
Furthermore, in our opinion, it is weird to report timing information in AoD positioning. Firstly, it will change the definition and characteristic of AoD positioning. Secondly, the benefit of reporting is unclear for us. If the timing information is for selecting the first path among all PRS resources, we think the timing information is relative to the DL subframe. It should be seen as middle variables of path-RSRP and the value doesn’t need to be reported to the network. If the timing information is for hybrid positioning, the combining of AoD and TDOA can achieve similar results without any specification work. So, for us, the benefit of reporting timing information should be clarified first.
	[bookmark: _Toc37338103][bookmark: _Toc46488944][bookmark: _Toc52567297][bookmark: _Toc60788902][bookmark: OLE_LINK7]TS 38305 4.3.12	DL-AoD positioning
The DL-AoD positioning method makes use of the measured DL-PRS-RSRP of downlink signals received from multiple TPs, at the UE. The UE measures the DL-PRS-RSRP of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The operation of the DL-AoD positioning method is described in clause 8.11.


So, we propose:
Proposal 10: [bookmark: _Hlk68278336]
· Option 3 should be discussed after option 1 is being agreed upon.
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· [bookmark: OLE_LINK1]The benefit of reporting timing information needs to be further clarified.
AoD enhancement with angle-based positioning
For option 2, option 4, and option 5, obtaining the angle information requires the measurement information from multiple ports or antenna elements. However, the R16 PRS only supports one port. So, it is also clear that the angle information cannot be achieved without additional enhancement. For example, there are two solutions are provided for calculating the angle information. One is the angle calculation similar to AoA, another is the oversampled beam angle estimation according to the PMI matrix. So, the prerequisite for supporting the corresponding enhancement is transmitting the PRS by normalized Hadamard matrix or reporting additional codebook information (such as PMI). 
However, the enhanced accuracy is severely impacted by the phase consistency, which is difficult to guarantee. Even for multiple ports CSI-RS, there is nearly  phase difference. And if the PRS is TDM, the phase difference will increase. The performance withphase inconsistency and with phase consistency is shown in Figure 6. Based on the simulation, it is observed that enhanced DL-AOD with angle-based positioning cannot improve the performance significantly when phase inconsistency is considered.
[image: ][image: ]
(a)  Oversampled beam angle estimation without phase error               (b)  Oversampled beam angle estimation with phase inconsistency
Figure 6 The Performance of AoD enhancement with angle-based method
Observation 5: [bookmark: _Hlk71366969][bookmark: _Hlk68278444]
· Without additional enhancement (such as reporting PMI matrix or transmitting PRS by normalized Hadamard matrix), the benefits of angle-based AoD cannot be achieved.
· The performance of angle-based AoD will be degraded significantly with the deterioration of phase consistency.
Proposal 11: [bookmark: _Hlk71366978]
· The performance benefits of Option 2, option 4, and option 5 should be evaluated first especially in phase inconsistency cases.
· Option 2: Information corresponds to the angle of departure of the first arriving 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
Furthermore, we also evaluated the performance of fingerprint-based AoD performance (the method is elaborated in Figure 6 and Figure 8 in our previous contribution [4]) and angle-based AoD positioning. Based on the simulation in Figure 7, it is observed that the performance of angle-based AoD will degrade significantly with the deterioration of phase consistency, and shows no obvious performance advantage compared with fingerprint-based AoD.
[image: ]
Figure 7 The Performance of AoD enhancement with angle-based and fingerprint-based method
So, considering the time restriction of R17 and the above evaluation results, we suggest to
Proposal 12: 
· The angle-based AoD positioning or phase-based AoD positioning are postponed to the future release.
Summary
According to the above simulation and analysis, we noticed that the definition of “first path” and realization of first path RSRP is more difficult than PRS-RSRP. And the performance and benefit of option 1 may need to further study. The intention and the performance of option 3 are unclear. In addition, Option 2, Option 4 and Option 5 can be seen as angle-based AoD positioning, we propose it is postponed to the future release considering the above evaluation and the time restriction of R17.
AoD enhancement with additional RSRP
	TS 38214 5.1.6.5
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 from the same cell. 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 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.


According to the current specification [5], nr-DL-PRS-RxBeamIndex is only reported when at least 2 DL PRS-RSRP measurements of one set are associated with the same spatial domain filter for a reception. Thus, the impact of different Rx beams for DL PRS-RSRP is not fully taken into account. For example, the beam selection is not accurate without considering the impact of different Rx beams for adjacent DL PRS-RSRP, especially when the strongest DL PRS-RSRP and the adjacent DL PRS-RSRP are reported and without nr-DL-PRS-RxBeamIndex. That is, we cannot judge whether the difference of DL PRS-RSRP is caused by different Tx beams without the impact of Rx beams if the 2 DL PRS RSRP is measured by different Rx beams. 
In addition, in RAN1#104-e meeting, the following agreement has been reached. 
	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 this subsection, 3,8,15 strongest RSRPs performance with the same and different Rx beam index are evaluated. It is observed that the performance is similar for 8 beams (blue line) and 15 beams (green line) if RSRP for the same Rx Beam index based on the left figure in Figure 8. So, 8 RSRPs per TRP is enough if all the reporting RSRP corresponding to the same Rx Beam index. Otherwise, for different Rx Beam measurements and reporting in the right figure of Figure 8, we need to report more RSRPs since the 15 beams (green line) reporting are better than 8 beams. 
[image: ][image: ]
Figure 8 The performance of AoD with the same and different Rx beam
 
Based on the above simulation, option 2 or option 3 is better for us.
Proposal 13: [bookmark: OLE_LINK2]
· To improve the accuracy of DL-AoD and to avoid the impact of Rx beam, choose one of option 2 and option 3. 
· 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.
Conclusion
In this contribution, we discuss DL-AoD enhancements with the following observations and proposals:
Observation 1: 
· Unless UE can identify the angle of Rx Beam, supporting expected DL-AoD/ZoD and uncertainty cannot help UE to choose the Rx Beam.
Observation 2: 
· Compared with AoD enhancement with the strongest beams, AoD enhancement with the adjacent beams is beneficial for latency and power saving.
Observation 3: 
· If the relative displacement is considered for different resources in a PRS resource set, the definition of “first path” (the “first path” is selected among PRS resources in a PRS resource set) is difficult to extract especially for UE with mobility.
Observation 4: 
· The actual performance and the complexity of implementation of the first path RSRP may need to be further study.
Observation 5: 
· Without additional enhancement (such as reporting PMI matrix or transmitting PRS by normalized Hadamard matrix), the benefits of angle-based AoD cannot be achieved.
· The performance of angle-based AoD will be degraded significantly with the deterioration of phase consistency.
Proposal 1: 
· For DFT beams, only antenna configuration information needs to be provided, and the antenna configuration information includes at least the following information:
· [,],  is the number of horizontal antennae,  is the number of the vertical antenna; 
· Antenna spacing: dH, dV
· (optionally)Antenna pattern, such as omnidirectional or directional
Proposal 2: 
· For Non-DFT beams, select one of the following options as the beam/antenna information:
· Option 1: Providing  mapping table for each PRS resource
· Option 2: Providing the typical parameter of beams (such as intersection point of multiple beams , beamwidth) for each PRS resource
· Option 3: The parameters of the approximate function which is used to represent the beam response of the PRS resource.
Proposal 3: 
· For Non-DFT beams, support providing the typical parameter of beams (such as intersection point of multiple beams , beamwidth) for UE-A and UE-B DL-AoD. Support providing  mapping table only for UE-A DL-AoD.
Proposal 4: 
· The validity of the expected DL-AoD may need to be considered since the expected DL-AoD will easily be changed with the UE movement.
Proposal 5: 
· Supporting to provide the boresight angle of the PRS resource first for selecting PRS resources by expected DL-AoD/ZoD. 
Proposal 6: 
· A UE capability for whether UE can identify the GCS angle of Rx Beam needed to be introduced if Rx beam selection within the expected window is agreed. 
· UE behavior and selection criterion for Rx Beam selection needed to be considered if Rx beam selection within the expected window is agreed. 
Proposal 7: 
· Expected DL-AoD is provided to the UE for each TRP.
Proposal 8: 
· Support to provide the boresight direction of PRS resource to UE for UE-A DL-AoD.
Proposal 9: 
· DL-AoD measurement with the adjacent beams can be requested when the requirement of latency and power consumption is tight.
Proposal 10: 
· Option 3 should be discussed after option 1 is being agreed upon.
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· The benefit of reporting timing information needs to be further clarified.
Proposal 11: 
· The performance benefits of Option 2, option 4, and option 5 should be evaluated first especially in phase inconsistency cases.
· Option 2: Information corresponds to the angle of departure of the first arriving 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
Proposal 12: 
· The angle-based AoD positioning or phase-based AoD positioning are postponed to the future release.
Proposal 13: 
· To improve the accuracy of DL-AoD and to avoid the impact of Rx beam, choose one of option 2 and option 3. 
· 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.
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Annex
[bookmark: _Ref60859478]Table 1 The parameter assumption for evaluation
	Parameter
	Configuration

	Scenario
	InF-SH

	Carrier frequency, GHz 
	28GHz

	Subcarrier spacing, kHz
	120kHz

	Reference Signal Transmission Bandwidth
	100 MHz


	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

	gNB antenna radiation pattern

	3-sector antenna configuration 

	Number of beams
	8 beams for one sector
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3 strongest DL-PRS RSRP selection

8 strongest DL-PRS RSRP selection

15 strongest DL-PRS RSRP selection


image7.emf
0 2 4 6 8 10 12 14 16 18 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Accuracy(m)

CDF

InF-SH DL PRS-RSRP

 

 

3 adjacent DL PRS-RSRP selection
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OverSamplingFactor = 16 without phase error

OverSamplingFactor = 16 with phase error

AoD enhancement with adjacent DL PRS-RSRP and beam pattern
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3 beams (with the same Rx beam index)

8 beams (with the same Rx beam index)

15 beams (with the same Rx beam index)
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15 beams (with 2 different Rx beam index)

8 beams (with 2 different Rx beam index)

3 beams (with 2 different Rx beam index)
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