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In the last 104bis-e meeting, there were many suggestions to improve DL-AoD performance. In particular, some companies [1] have suggested that AoD performance can be improved by introducing carrier phase measurement methods in addition to beam RSRP measurement. Such carrier phase based AoD measurement method is also being standardized in Bluetooth SIG [2], that one published up to 2 degrees or less angular resolution can be achievable using the method. 

Dankook University and Locaila, Inc.[5] have jointly been studying carrier-phase based positioning method. This technique is in principle similar to GPS Carrier Phase Positioning, but is distinguished in that it uses OFDM subcarrier waveform to accurately measure the phase difference of a signal. The carrier phase positioning method can improve the accuracy significantly over the TDoA (Time Difference of Arrival) based measurement method, and it consumes far less signaling resources. Further, it can also be used for DL-AoD/ZoD measurements. Some potential applications are determining the optimal beam angle or identifying a UE location in the vertical direction.

In this contribution, we introduce DL-AoD/ZoD measurement methods using a carrier phase based method developed by Dankook University and Locaila [5]. We also present some outdoor experiment result, applying the DL-ZoD method for accurately identifying a vertical height of a UE in a building. As a conclusion, we propose to study the carrier-phase based method to improve angular accuracy of DL-AoD/ZoD measurement in Rel-17 or Rel-18 NR positioning.

Continuous PRS for DL-AoD/ZoD measurement 

Bluetooth SIG [2] proposed a precise measurement of Angle of Department using dual antenna configurations as in Figure 2 below.
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<Figure 1 :  DL-AoD  measurement using  two antenna array, Bluetooth SIG>
According to [], a continuous sinusoidal signal called Constant Tone Extension (CTE) is transmitted alternately in two antennas 1 and 2 at approximately 1 μsec or 2 μsec intervals. Upon receipt of this, the terminal can calculate the phase difference of the carrier signal using conjugate complex calculation between the two signals. Applying the following formula to the phase difference information between the two calculated antennas yields angle of departure information.



This method is simple, efficient, and has excellent angular measurement accuracy.  
In formula (1) above, d is the distance between antennas, λ is the carrier wavelength, and ψ is the phase difference measured using the carrier signal of antenna 1 and the carrier signal of antenna 2.

The above carrier-phase based AoD measurement method of Bluetooth SIG can also be applied to 5G NR system. For example in 104bis-e meeting, one company [1] proposed a phase based DL-AoD method by sending PRS signals to different antenna ports to measure the phase difference. In order to distinguish PRS signals sent through different antenna ports, [1] proposed using DFT codebook. However, complex computational processes are required to search the PMI index to determine the antenna port, which may increase the system overhead. We propose a simple and efficient way using the continuous PRS signal proposed in our companion document [4].

To apply the carrier phase-based AoD/ZoD method proposed in this paper, it is necessary to transmit a tone signal that is mutually orthogonal over multiple antennas, such as a CTE signal in Bluetooth. Bluetooth obtained temporal orthogonality by sending tone signals through each antenna sequentially, and [1] suggested using DFT codebook to obtain orthogonality between antennas in the code domain. In this paper, we propose to transmit an orthogonal tone signal in the frequency domain by assigning each antenna signal to different subcarrier sets using the block type PRS signal structure as shown in Figure 2 below.
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<Figure 2 : Block type C-PRS arrangement and DL-ZoD measurement>

In Figure 2 above, the continuous PRS set A of the block type configuration, i.e. consecutive in time axis, is spaced at Δg intervals on the frequency axis. On the other hand, antenna B's continuous PRS set B is allocated in the same subcarrier spacing Δg, but positioned in different subcarriers marked x in the figure so that they avoid overlapping with C-PRS set A. These two sets of C-PRS signals are transmitted simultaneously over the antenna A and B, respectively. Such time consecutive, constant frequency, block type arrangement of C-PRS shown in Figure 2 above is advantageous for precise measurement of carrier phase difference or subcarrier phase difference. See [4] for a detailed discussion of this.

The example in Figure 2 above depicts when antennas A and B are installed vertically, which allows to measure the zenith angle of department of the terminal. If the antennas are positioned horizontally, it can be used to estimate azimuth angle of department information. The C-PRS signal set from antenna A and the C-PRS signal set from antenna B arrives in the UE with slight time difference depending on the zenith angle. This results in a slightly phase difference between the two C-PRS signal sets. This information can be calculated through some complex conjugate multiplication of the C-PRS sets A and B. Applying an arcsin formula similar to formula (1) in Bluetooth SIG, the angle of departure information can be derived. Formula (2) below is one variation of (1).



In formula (2) above, d denotes the antenna spacing, λΔg denotes the wavelength of the signal used to compare antennas A and B, and ψΔg denotes the phase difference measured using these signals.  ψΔg can be obtained simply by multiplying C-PRS signal set A to the conjugate of C-PRS set B, however detail of the implementation method is beyond the scope of RAN1. One may reference [3], for the calculation method of the carrier phase difference, although it is somewhat complicated approach. 

The carrier-phase based method presented here is not only simpler and more efficient than the beam sweeping method, but also provides very precise angle estimation performance in that multiple terminals can obtain AoD and ZoD information at once through a single transmission of C-PRS sets. Further study  is needed as little is known from the RAN1 perspective, such as the positioning performance or angle estimation performance of the carrier-phase based method, feasibility to apply the method to the uplink  angle estimation, and the system impact required for 5G NR to apply this technique, etc.

Proposal 1: Consider carrier phase based method and signaling for UL and DL AoD or ZoD measurements


Experiment result for vertical positioning using DL-ZoD measurement

Dankook University, through a joint research with Locaila in 2020, successfully measured the vertical position of UE in a building in less than 1m resolution.  Figure 3 below shows the test site where the experiment was conducted.

In the experiment, the TX antenna tower of 12m high was set up about 200m away from the five-story building appear in the photo. One TX antenna was placed at top of the tower and the other was attached at 8m below, hence the two antennas were vertically spaced at 8m. 1.2 GHz carrier frequency with 10Mhz bandwidth were used. LTE like OFDM signal of 2048 FFT was used for transmitting C-PRS set A and another C-PRS set B through the two vertically positioned antennas, as described in Figure 2. 

[image: ]

<Figure-3  Vertical positioning test using carrier phase based DL-ZoD measurement, `20.Aug>

The SDR (Software Defined Radio) device acting as a receiving UE was hanged in outside of the building and vertical distance from the ground was visually measured as the experiment box was moved from top to bottom of the building. While moving the box up to down, elevation was estimated by calculating the phase difference between C-PRS set A and C-PRS set B. Precise DL-ZoD angle was obtained from the phase information and it is converted to height, and compared to visual measurement [6]. As a result, vertical height resolution of less than 1 m was achieved, and confirmed that carrier phase based DL-ZoD method can satisfy the US FCC requirement for E911 vertical positioning.


Conclusion

In this contribution, we present a method for DL-AoD/ZoD using a carrier phase measurement. In order to apply this method in 5G NR system, a continuous PRS configuration proposed in [4] is necessary. Such continuous PRS signal is very efficient in tracking and measuring phase information, which enables precise angular and distance estimation. It is advised further study is necessary to apply the carrier phase based method for enhancement for 5G NR positioning in either Rel-17 or in Rel-18.

Proposal 1: Consider carrier phase based method and signaling for UL and DL AoD or ZoD measurements.
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