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Introduction
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 the accuracy improvements for UL-AoA positioning solutions by using differential beamforming.
Discussion
In a brief summary of differential beamforming based method, the different beam patterns, namely, normal (sum) 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, receiver can deduce the best transmit beam direction for transmitter according to the received signal ratio of normal beam pattern and differential beam pattern. The detailed introduction of the differential beam forming can be found in our companion contribution [2].
Differential beamforming for UL-AOA
In the normal UL-AOA based method, each of the planned TRP (gNB) needs to derive the AOA information based on the measurement of the SRS-pos, which the related configuration is delivered by LMF. The derived UL-AOA method will be reported to LMF, and it will be used to calculate the UE positioning together with the location information of the TRPs. For some of the UL-AOA method (like the beam direction), it is simple but the accuracy is not enough, because the direction of beam is relatively fixed thus is not suitable for more accurate positioning requirement. For some other methods (like MUSIC, ESPRIT etc), the complexity of the solutions will be relatively high; thus a quite amount of effort or time will be consumed. 
Observation 1: the normal UL-AOA methods may not provide good enough estimation accuracy as well as latency.
However, by using the differential beamforming techniques as introduced in appendix for the signal reception and as shown in Fig.1, with estimated angle error between actual direction and beam direction, and also the known beam direction information, the angle information of the actual angle of arrival can be derived.
The following aspects can be improved:
· With the continuity of the relation between ratio of received signals of normal beam and differential beam and the angle direction error, the accuracy can be guaranteed as long as the SNR level is above certain level;
· By reception of the signal from same UL Tx beam with both sum beam and differential beam, gNB could
· Save some resource to schedule the UL SRS-positioning resource;
· Save some measurement for many UL SRS-positioning purpose from single UE;
· Achieve shorter latency;

[image: ]
Fig.1 – illustration of differential beamforming based UL-AOA positioning solution. 

Observation 2: the differential beamforming technique is beneficial for improving UL-AOA method to better satisfy the positioning requirement.
Proposal 1: Support differential beamforming technique for UL-AOA positioning methods. 

Potential spec impacts for differential beam forma
In order to support the differential beamforming for UL-AOA positioning methods, the gNB should receive the UL signals (from same UL Tx beam) by using the differential beam as well normal beam, and calculate the ratio for the received signal. Then gNB derives the angle error relative to the beam direction and based on the known beam direction angle, the actual angle from UE could be derived.


SRS-positioning resource configuration
Based on above discussion, it can see that if gNB is only equipped with single antenna panel, which implies only one Rx beam could be used at one time. The gNB (LMF) will need to configure two TDMed SRS-pos resource to facilitate the differential beam reception (but no need many SRS-pos for beam sweeping). If the gNB is equipped with multiple antenna panels, thus FDMed SRS-pos or even in some cases the single SRS-Pos can be used. For example if we consider the distance between gNB antenna panel and UE is larger enough or the distance for gNB antenna panels are small enough, so that one panel received the UL signals with normal bum and the other panel received the same UL signals with differential beam. These two received signals can be used to calculate the ratio and then eventually derive the angle difference as well. But the gNB scheduling should guarantee what is necessarily needed at gNB side for the receptions.
Observation 3: the gNB scheduling could ensure the proper SRS-pos configuration in order to support reception based on differential beam techniques.
Power setting for SRS-pos  
In some cases that the SRS-pos will be configured to be received to multiple gNB, among which there could be neighbouring base stations or TRPs relatively far away from UE. If UE still determine the Tx power for the SRS-pos transmission based on it’s configuration or measurement in the serving cell only, the power eventually reaches to the  neighbouring base stations or TRPs might not be enough. Thus the measurement accuracy by these base stations could be degraded and impacts the final positioning accuracy. This issue is not only for reception by differential beam but to general UL-AOA based method which involves the receiving UL signals for multiple cells.
Observation 4: the power setting for the SRS-pos might be not appropriate for neighbouring cell measurement.
Proposal 2: the power control enhancement for SRS-pos to improve UL-AOA based solution should be considered.
Signalling UL AoA/ZoA assistance information
During last meeting, there was a discussion on signalling UL AoA/ZoA assistance information as following:Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 



For the selection of which coordinate system alternatives for signalling UL AOA/ZOA assistance information, the key difference is whether include the LCS in the information. From our understanding, the LCS might be easily for UE to generate but regarding the report, it’s a translation work to do rather than any measurement work which requires too much effort. So we think supporting only GCS is enough. 
Proposal 3: Only GCS is supported for AoA/ZoA assistance information indication.

Conclusion
This contribution discusses the accuracy improvements for DL-AoD positioning solutions by using differential beamforming. Observations and proposals are summarized as follows: 
Observation 1: the normal UL-AOA methods may not provide good enough estimation accuracy as well as latency.
Observation 2: the differential beamforming technique is beneficial for improving UL-AOA method to better satisfy the positioning requirement.
Observation 3: the gNB scheduling could ensure the proper SRS-pos configuration in order to support reception based on differential beam techniques.
Observation 4: the power setting for the SRS-pos might be not appropriate for neighbouring cell measurement.
Proposal 1: Support differential beamforming technique for UL-AOA positioning methods. 
Proposal 2: the power control enhancement for SRS-pos to improve UL-AOA based solution should be considered.
Proposal 3: Only GCS is supported for AoA/ZoA assistance information indication.
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Appendix – 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.2 – 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. 3. 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. 3 - 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. 
[image: ]
Fig. 4 - Illustration of angle estimation.
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. 5 – illustration of Angle estimation deviation accuracy.
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