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Introduction
This contribution discusses the accuracy improvements on timing based positioning solutions. In the approved WI [1] for positioning enhancement, the angle based method have been recognized as one important direction to improve the positioning accuracy.· 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 will discuss one promising method named as differential beamforming based angle estimation.
Discussion
In a brief summary of differential beamforming based method, the different beam patterns, namely, normal beam pattern and differential beam pattern, are used by the differential beamforming technique. The normal beam uses the conventional beamforming coefficients while for differential beam pattern, the first half of coefficients are the same with that of conventional one while the other half are the opposite. After receiving the sequences with different patterns, gNB can deduce the best transmit beam direction for UE according to the received signal ratio of normal beam pattern and differential beam pattern. 
Idea of differential beamforming
Assume that the gNB (transmitter) equips with N transmit antennas while UE (receiver) equips with 1 receive antenna. Note that the case for other antenna configurations can be easily extended. The probing direction is . The beamforming coefficients of normal (sum) beam pattern can be written as






[image: C:\Users\samsung\Desktop\BeamForming_ArrayAntenna_Concept_01.png]
Fig.1 – illustration of beam coefficient for normal beam.

Therefore, the beamforming coefficients of differential beam pattern is

It can be seen that the last half coefficients of differential beam pattern are the opposite numbers of that in normal beam pattern. Assume the actual direction from gNB to UE is , the channel gains of normal beam and differential beam are depicted in Fig. 2. It can conclude that the normal beam pattern is same with conventional beam while the differential beam pattern is complementary to normal beam pattern within certain range.
[image: ]
Fig. 2 - Illustration of channel gain of normal beam and differential beam
So the received signal by normal beam can be denoted as:

Where the channel , similarly, the received beam by differential beam can be denoted as: 

By dividing the received signals of differential beam and normal beam, 



In which, , and 
Since the estimated angle deviation () is proportional to , we can denote the following parameter  as the represented estimated angle deviation:

Thus, the ratio between received signals of normal beam and differential beam will be monotonically increasing (or decreasing) within the adjust range, which the adjust range is determined by the angle covered by normal beam and differential beam. 
Observation 1: the ratio between received signals of normal beam and differential beam will be monotonically increasing (or decreasing).
[image: ]
Fig. 3 - Illustration of angle estimation.
[bookmark: _GoBack]Based on the previously analysis and illustration, we can find that the differential beamforming based method can have monotonicity between ratio of received signals of normal beam and differential beam, and the angle direction deviation. So with an observed ratio value, we can find the angle direction estimation deviation. More importantly, since this relation is continuous, it implies as long as the SNR is good enough, the accuracy of the estimated angle deviation (represented as estimated angle error) will be quite good, as shown in following figure.
[image: D:\work-item\Literature Review\标准文档\5G 3GPP meetings\#104_E-meeting_202101\tdoc planing\positioning\fig_angle2.emf]
Fig. 4 – illustration of Angle estimation deviation accuracy.
Observation 2: relation between ratio of received signals of normal beam and differential beam and the angle direction deviation is continuous.
Observation 3: the higher SNR could lead to the better accuracy of the estimated angle deviation.
Proposal 1: differential beam based method should be supported for improving angle estimation based positioning solutions.


Conclusion
This contribution discusses the differential beamforming based angle estimation. Observations and proposals are summarized as follows: 
Observation 1: the ratio between received signals of normal beam and differential beam will be monotonically increasing (or decreasing).
Observation 2: relation between ratio of received signals of normal beam and differential beam and the angle direction deviation is continuous.
Observation 3: the higher SNR could lead to the better accuracy of the estimated angle deviation.
Proposal 1: differential beam based method should be supported for improving angle estimation based positioning solutions.
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