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1 Introduction
At RAN #90-e meeting, a new WID on NR Positioning Ennhancements was approved [1] with the following RAN1 centric objectives: 
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· 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 paper, we present our views on potential enhancements related to enhancements on DL-AoD positioning.
2 DL-AoD Status in NR Rel-16 
[bookmark: _Hlk40375026]Downlink Angle-of-Departure (AoD) positioning is based on per-beam RSRP measurements of DL-PRS performed at the UE (DL-PRS Reference Signal Received Power (DL-PRS RSRP) measurement). In this method, the TRPs are expected to transmit beamformed DL-PRS in a beam sweeping manner that may be measured by the UE. A UE may report up to 8 RSRP measurements, derived on different DL-PRS resources, or in other words, derived on different Tx beams of the same TRP.  
[image: ]
The UE RSRP measurement vector can be considered as a "RF fingerprinting vector" and AoD calculation may be performed using a pattern matching approach. By comparing the measured DL-PRS RSRP vector to the fingerprints of all pre-stored angles, the Azimuth Angle of Departure (AOD) and Zenith Angle of Departure (ZOD) can be estimated. As with any pattern matching approach, a database of reference "fingerprints" must be available, which in this case, requires the beam spatial information. Specifically, the initial intention behind this method was the following: 
· For each potential direction (or angle of departure)  at which a UE may be located, and for each Beam  that is being transmitted, the positioning engine (UE or LMF) would determine the expected (according to the assistance data or signaling from the gNBs) relative Rx-power  and derive the normalized vector  for each angle   :

If we denote as  the received vector of normalized RSRPs, the positioning engine is expected to compare the received RSRP vector  with the expected “database” of vectors, and determine for which , and therefore angle, the UE is located.


In a  UE-based mode, the UE requires additional assistance data including the TRP geographic locations (similar to DL-TDOA) and the DL-PRS beam information (e.g., beam azimuth, elevation). However, TRP synchronization information (e.g., RTDs) are not required for DL-AoD positioning; DL-AoD positioning can also be deployed in unsynchronized networks. With the additional assistance data, the UE is able to calculate the location (possibly using additional location measurements available at the UE) and may provide the location estimate to the location server. 
Two major issues that we identify in the NR Rel-16 method are the following:
· Insufficient knowledge of the beam patterns (or any equivalent information) for the positioning engine (either at the LMF or the gNB) to perform the “fingerprinting” as it was initially envisioned, and described above. 
· In NR Rel-16, the only available information is the boresight direction of each PRS resource. Such information is not enough to accurately perform the required DL-AoD estimation. 
· DL-AoD is an RSRP-only method, which does not exploit any phase-difference information, nor measurements associated to the earlierst path only; e.g., RSRP is measured in all the resource elements, and therefore, multipath can affect significantly the performance. 

Observation 1: Insuficient knowledge of the beam pattern of each PRS resource (or any equivalent information) renders DL-AoD inaccurate in NR Rel-16.

Observation 2: The usage of RSRP-only measurements in DL-AoD is limiting the performance in scenarios of multipath and/or scenarios where the phase difference between the PRS resources could also be exploited (as used in other competing technologies). 
3 RSRP-based DL-AoD Enhancement: Beam-Response Information
As was described above, it is crucial that the positioning engine (either at the UE or the LMF) has a way to compare the reported RSRP vector with a “database” of expected RSRP vectors in order to determine the DL-AoD. For example, assume the gNB transmits 3 beams, with beam responses, as shown in the figure below, the positioning engine, needs to be able to derive the relative ratio of the beam response of the first beam vs the second beam, and the first beam vs the third beam across all angles, so that it can compare it with a measured 3-element RSRP vector. 

[image: ]

One can envision different ways that such information could be provided at the LMF (UE-Assisted) and the UE (UE-based), but we would like to point out one major aspect that needs to be taken into account, namely, the overhead requirements of such assistance data information. As a small example, assume 8 PRS resources per TRP, and a need to acquire their beam response every 0.5 degree for a range of 120 degrees for both Azimuth and Zenith. With 5 bits per RSRP value (1 dB granularity of RSRP), such a signaling would require 5*8*240*240 = 2.3 MBits / TRP. Actually, in a worst case scenario that has 64 PRS resources per set, with 2 sets per Frequency layer, and 4 Frequency layers per TRP, the amount of data which may be required would be 2*4*8 = 64 times larger. Delivering such a package to the UE in the assistance data,  unicast or broadcast, would result in large overhead unless enhancements are considered during this WI to make DL-AoD a more attractable positioning solution with assistance data that has reasonable overhead. 

Observation 3: Beam-Response Signaling in the Assistance Data may result in large overhead which needs to be addressed during this WI in order to make RSRP-based UE-based DL-AoD a feasible and attractable positioning solution.

We can consider a simple scheme of quantizing the beam responses and determine potential losses in DL-AoD estimation accuracy for different quantization levels.  As a first simulation example, for the InH FR1 scenario, and assuming a X-value quantization of the angle domain in the [-90,90] azimuth space, for X=[16, 32, 64, 128, 256], we oberve that there is a non-trivial impact in performance of the DL-AoD estimation as shown in the figure below: In short, the 50% DL-AoD error of the CDF constructed using the 6-best angles from each UE, drops from 1 degree to 3 degrees if we use a 256-value representation (e.g. beam response quantized into bins that are approximately 180/256 = 0.7 degrees apart) down to a 16-value representation. Please note that an absolute AoD error of 1 degree vs 3 degrees can result at, an100 meter distance from the TRO, to a multi-meter positioning error since the positioning error is very sensitive to the angle estimation error, and therefore rendering DL-AoD positioning not a useful method to reach the <1m, let alone the 0.2m positioning accuracy targets. 
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Another option to examine in order to reduce the overhead would be to exploit the fact that a common antenna element pattern is being used from each antenna element from a TRP, and specify signaling of the antenna element pattern, along with the gNB’s UPA antenna configuration & a PMI index of a codebook (e.g. DFT codebook similar to CSI feedback approach) per PRS resource. With such an approach, the UE, or the LMF, will be able to derive the beam response of each PRS resource without having to signal a separate beam response for each PRS resource. Another approach would be to consider whether a simple parametrizations of the beam responses could be specified, so that signaling only the values of a small set of would be enough to get good-enough knowledge of the beam responses (e.g., if the beam responses are parametrized with a sinc function, just 2 parameters may be enough).  

Proposal 1: For the purpose of enhancements to the RSRP-only DL-AoD method, support the signaling of beam responses (or equivalent information) to increase the accuracy precision while ensuring a tractable signaling overhead for both UE-based and UE-assisted solutions.
· Note: For UE-Based AoD, the above signaling enhancements correspond to assistance data signaling (unicast or broadcast). For UE-Assisted DL-AoD, the above signaling enhancements correspond to NRPPa signaling enhancements from gNB to LMF.
4 Phase-difference-based DL-AoD 
A phase-difference based DL-AoD would correspond to the following method: The transmitting device sends multiple PRS resources, each PRS resource via each of the physical antennas. As each PRS from the antennas in the array arrives at the receiver’s single antenna, it is phase shifted from the previous PRS due to the different distance it has traveled from the transmitter as shown graphically in the figure below. In the simple scenario shown in the figure below, one can estimate the angle of departure by measuring the phase difference between the PRS resources using a simple formula.

[image: ]

In such a method, there is no need to know what are the beam responses of the PRS resources. The receiver is only required to know the mapping of the PRS resources into the physical antennas, along with the UPA configuration of the TRP and the relative distance of the antennas (the dH and dV parameters, as usually referred to in the 38.901 specification). It deserves to be noted that such a method is being employed already by competing technologies likely Bluetooth [2] and WiFi.

Observation 3: Phase-Difference-based AoD is a positioning method employed by competing technologies (e.g. Bluetooth and WiFi) which exploits the phase difference between signals transmitted from different antennas and knowledge of the distance between the physical antennas. 

For the purpose of clarifying this method, and get a better understanding on what specification effort is needed to enable such a DL-AoD method, one can envision to reuse the CSI framework and configuration already specified in 38.214; i.e. the Type I codebooks and available UPA configurations:

[image: ]

To see this, consider for simplicity the example of Single-panel codebooks from 38.214, which uses constant modulus DFT codebooks tailored for a dual-polarized 2D UPA: DFT precoders are used, where, each precoder vector can be used to precode a single-port transmission using a single-polarized uniform linear array (ULA) with  antennas defined as

 where  is the precoder index and is an integer oversampling factor.

If the UE is provided with such a codebook configuration (as already done for CSI feedback), and receives multiple single-port PRS resources (as already needed for the RSRP-based DL-AoD method), a UE, instead of just computing the RSRP vector, would be searching for the PMI of the codebook that maximizes the received power of the first path (i.e. use the N ports to derive a Delay-Angle Response, by computing the product of the received channels by each PMI in the configured codebook, and identify the earliest path together with the strongest peak for that earliest path). 

Note the similarity to the CSI feedback procedure: In 3GPP procedures on CSI feedback, a UE measures multiple ports of a single CSI-RS resource, and performs a PMI sweep to identify which PMI maximizes a spectral efficiency metric, whereas in this phase-difference DL-AoD method, the UE measures multiple ports (each one associated with a different PRS resource) for the purpose of sweeping the PMIs and identify the PMI index that corresponds to the maximum received power at an estimated TOA. Such a method would exploit additional measurements, and enable the UE to report the angle that is really associated with the earliest path, and not just an RSRP measurement which can be the result of multiple paths being summed at the receiver. 

In other words, for the  received time-domain tap,  a UE can calculate the received energy across all the configured PMIs of the codebook, and choose the PMI  that maximizes the received energy. In UE-assisted DL-AoD method, a UE would report the index  corresponding to the earliest tap, and for UE-based DL-AoD, a UE would map the index  back to an angle using the knowledge of  and the ULA config as follows:



It should be noted that one assumption of such a method is that the TRPs would be mapping each PRS resource to a physical antenna element; an assumption that is reasonable for a variety of FR1 deployment scenarios, but not in some high-band scenarios, like FR2 cases. 

It should also be noted that a UE may perform AOD oversampling during the digital PMI sweeping procedure described above (e.g. In the case of the Codebooks already specified in 38.214, this would corresponds to oversampling controlled by the value of the parameter ), to increase the precision even when there are few number of antennas at the gNBs.  Such a method is expected to have better performance than the RSRP-based DL-AoD, as shown in the simulation example below (InH 4 GHz, 100 MHz), while having a minimal assistance data overhead, i.e., UPA configuration index from a table, + Coodebook configuration.
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Such a method does not require any additional PRS resources to be sent (compared to RSRP-based DL-AoD), since the UE would be performing the angle-oversampling digitally, and reaping significant benefits in performance, as shown for example in the figure below (UMI, 4 GHz, 100 MHz) for different oversampling factors (Q={1,2,4,8,16,32}: 

[image: ]


Proposal 2: For the purpose of enabling a phase-difference-based DL-AoD method, support the following signaling enhancements:
· gNBs’ UPA antenna Configuration, PMI Codebook configuration & their association to the transmitted PRS resources
· Note: Enhancement should be applicable to both UE-based and UE-assisted DL-AoD 

5 Conclusions
Overall, we make the following Observations and proposals related to DL-AoD Enhancements:
Observation 1: Insuficient knowledge of the beam pattern of each PRS resource (or any equivalent information) renders DL-AoD inaccurate in NR Rel-16.

Observation 2: The usage of RSRP-only measurements in DL-AoD is limiting the performance in scenarios of multipath and/or scenarios where the phase difference between the PRS resources could also be exploited (as used in other competing technologies). 

Observation 3: Phase-Difference-based AoD is a positioning method employed by competing technologies (e.g. Bluetooth and WiFi) which exploits the phase difference between signals transmitted from different antennas and knowledge of the distance between the physical antennas. 

Proposal 1: For the purpose of enhancements to the RSRP-only DL-AoD method, support the signaling of beam responses (or equivalent information) to increase the accuracy precision while ensuring a tractable signaling overhead for both UE-based and UE-assisted solutions.
· Note: For UE-Based AoD, the above signaling enhancements correspond to assistance data signaling (unicast or broadcast). For UE-Assisted DL-AoD, the above signaling enhancements correspond to NRPPa signaling enhancements from gNB to LMF.

Proposal 2: For the purpose of enabling a phase-difference-based DL-AoD method, support the following signaling enhancements:
· gNBs’ UPA antenna Configuration, PMI Codebook configuration & their association to the transmitted PRS resources
· [bookmark: _GoBack]Note: Enhancement should be applicable to both UE-based and UE-assisted DL-AoD
6 [bookmark: _Ref450583331]References
1. [bookmark: _Ref471775016][bookmark: _Ref505694604][bookmark: _Ref28372800]RP-202900, “New WID on NR Positioning Enhancements”, CATT, Intel Corporation, Ericsson; 3GPP TSG RAN Meeting #90e, Electronic Meeting, December 7 - 11, 2020.
1. Bluetooth Direction Finding: A Technical Overview, Martin Wooley, Bluetooth SIG, March 2019.



5

image1.png
DL-Angle of Departure (AoD)





image2.emf
 

TRP


Microsoft_Visio_2003-2010_Drawing.vsd

image3.png
o8}~

L L L
(4 1 pazyeusou) ssundsoy wesg

o1k

Azimuth Angle (degrees)




image4.jpg
0.8
0.7 -
T
i - -.,-‘-.-__1-,__.:_-_—‘. - m e = - Ll
06 -t . PR f g Sl A —_’-"-_:' -
- - ncatinl il i
- =+J't - " ’ 7
05F X ] =
P ' " 6-value Quantizati
p : ) == 32-value Q i 'On
p ’ ' . uantization
i g ’ y 64-value Quantizati
' . ation
& ' 128-value Quantizati B
: ' ‘ l ' = 256-value Q i !On
| q l l' "' uantization
. II" i 4 N
2 'ﬁ " ’
P f 7
0.1 lb' -
N,
' il
0 b | |
0 1 2 ‘ ‘ 7
3 4 ‘ ‘
5 I |
6 L
7
8
9

10




image5.png
«~d->
Antenna Z/L /LAntenna 1
o

I
8 18

!

1

Transmitter

Receiver

Y

8 = arcsin((WA)/
(2nd)

@ is the phase
difference

Ais the wavelength
8is the AoD




image6.png
Table 5.2.2.2.1-2: Supported configurations of (N,.N,)and (0,.0,)

Number of
CSI-RS antenna ports, Pegizs ™. 3;) (©,.0,)
4 2.1) @1
s ©2) @)
@1) @)
2 (32) (4)
©.1) @)
@2) @)
*© [EX) @n
@3) @)
24 (6.2) (4.4)
(12.1) @)
@4 @)
32 (8.2) (4,4)
(16.1) @i





image7.jpg
CDF of the Absolute AoD Error for the best 6 Links
T T T T T T T

16-value Quantization

'32-value Quantization

'64-value Quantization

128-value Quantization

'256-value Quantization

==Phase-based AoD with 256 beams digitally swept at the UE

2 3 4 5 6 7 8 9

10




image8.png
F(x)

05

2 25 3
Absolute Error (degrees)

35

45





 


1


 


 


3GPP TSG RAN WG1 #104


-


e


 


 


 


R1


-


21014


70


 


e


-


Meeting, January 25


th


 


–


 


February 5


th


, 2021


 


 


 


Agenda item:


 


8.


5


.


3


 


Source: 


 


Q


ualcomm


 


Incorporated


 


Title:


 


 


Potential Enhancements on DL


-


AoD positioning


 


Document for:


 


Discussion and D


ecision


 


1


 


Introduction


 


At RAN #90


-


e meeting, a new WID on NR Positioning Ennhancements was approved [1] with the 


following RAN1 centric objectives


: 


 


·


 


Specify methods, measurements, signalling, and procedures for improving positioning 


accuracy of the Rel


-


16 NR 


positioning methods


 


by mitigating UE Rx/Tx and/or gNB Rx/Tx 


timing delays, including


 


[RAN1]


 


o


 


DL, UL and DL+UL positioning methods


 


o


 


UE


-


based and UE


-


assisted positioning solutions


 


·


 


Specify the 


procedure, measurements, reporting, and signalling 


for improving the


 


accuracy of 


[RAN1]


 


o


 


UL AoA for network


-


based positioning solutions.


 


o


 


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 paper, we present our views on potential enhancements related to


 


enhancements on DL


-


AoD 


positioning


.


 


2


 


DL


-


AoD Status in NR Rel


-


16


 


 


Downlink Angle


-


of


-


Departure (AoD


) positioning is based on per


-


beam RSRP measurements of DL


-


PRS performed at the UE (DL


-


PRS Reference Signal Received Power (DL


-


PRS RSRP) 


measurement). In this method, the TRPs 


are expected to 


transmit beamformed DL


-


PRS in a beam 


sweeping manner that may be


 


measured by the UE. A UE may report up to 8 RSRP measurements, 


derived on different DL


-


PRS resources, or in other words, derived on different Tx beams of the same 


TRP.  


 


 


The UE RSRP measurement vector can be considered as a "RF fingerprint


ing vector


" an


d AoD 


calculation may be performed using a pattern matching approach. By comparing the measured DL


-




  1     3GPP TSG RAN WG1 #104 - e       R1 - 21014 70   e - Meeting, January 25 th   –   February 5 th , 2021       Agenda item:   8. 5 . 3   Source:    Q ualcomm   Incorporated   Title:     Potential Enhancements on DL - AoD positioning   Document for:   Discussion and D ecision   1   Introduction   At RAN #90 - e meeting, a new WID on NR Positioning Ennhancements was approved [1] with the  following RAN1 centric objectives :   

   Specify methods, measurements, signalling, and procedures for improving positioning  accuracy of the Rel - 16 NR  positioning methods   by mitigating UE Rx/Tx and/or gNB Rx/Tx  timing delays, including   [RAN1]   o   DL, UL and DL+UL positioning methods   o   UE - based and UE - assisted positioning solutions      Specify the  procedure, measurements, reporting, and signalling  for improving the   accuracy of  [RAN1]   o   UL AoA for network - based positioning solutions.   o   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 paper, we present our views on potential enhancements related to   enhancements on DL - AoD  positioning .   2   DL - AoD Status in NR Rel - 16     Downlink Angle - of - Departure (AoD ) positioning is based on per - beam RSRP measurements of DL - PRS performed at the UE (DL - PRS Reference Signal Received Power (DL - PRS RSRP)  measurement). In this method, the TRPs  are expected to  transmit beamformed DL - PRS in a beam  sweeping manner that may be   measured by the UE. A UE may report up to 8 RSRP measurements,  derived on different DL - PRS resources, or in other words, derived on different Tx beams of the same  TRP.       The UE RSRP measurement vector can be considered as a "RF fingerprint ing vector " an d AoD  calculation may be performed using a pattern matching approach. By comparing the measured DL -

