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1 Introduction
At the RAN#94e WG meeting, the study item on expanded and improved NR positioning was approved [1]. One of the study item objectives is to pursue improved accuracy based on NR carrier phase measurement. 
	Objective:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary


In this contribution, we discuss the related problems including the feasibility of reusing existed SRS, the possibility of cooperative localization with other solutions.

2 Phase based positioning methods
Phase measurement has several significant advantages for positioning. First, it provides more precise and stable location information compared to the amplitude, thus is much more robust. Second, phase measurement essentially reflects time change, yet is easily available compared to the direct time stamp measurement method, and is expected to provide comparative accuracy with relatively low hardware requirement. Finally, the relative research of phase positioning is quite sufficient and has many mature applications, so it is reasonable to consider this solution for positioning enhancement.
We believe that the carrier phase based positioning is not limited to at least two types. One is similar to GNSS system, which determines location of the target through carrier signal transmission with multiple stations. This approach requires precise synchronization between the stations, and meets the challenge of unwrapping the phase ambiguity, resulting in a measurement of distance. Another is similar to the BLE positioning system, which calculates the arriving (or the departure angle) by measuring the phase difference between signals reaching different elements of antenna array, or calculates the distance by measuring the phase variation of multiple carriers with different frequencies undergoing the identical time of flight [2]. This method does not require synchronization between stations. Common challenges facing the phase based measurement methods include reference signal design, receiver phase measurement, discontinuous signal processing, phase error correction, etc. 
On the problem of the reference signal selection, essentially, the phase can be measured on any kind of reference signal with known convention, such as the PRS and SRS-Pos in NR. The basic ideas of the positioning with the NR carrier phase measurements are shown in Fig 1 for DL and UL, respectively. 

[image: ][image: ]
Fig 1：（a）DL                （b）UL
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The procedures are similar to the TDOA solution, what is different is that the measurement result is the phase rather than time difference. For the convenience of spec modification, the PRS or SRS can be adopted as the reference signal in this solution with a slight troublesome of wipe-off operation. Inspired by the Constant Tone extension signal in Bluetooth AOA/AOD solution, the reference signal can also be a pure carrier wave of sinusoidal signals at a pre-configured carrier frequency, which requires an enhancement on the spec. Since the bandwidth of the sinusoidal signal is very small, the SCS between the signal from different cells can be much smaller than that for data communication. Moreover, the signal can be placed at the edge of the carrier, or a specific frequency band can be designated for the single-tone signal transmission. As for the algorithms of phase based localization, including the integer ambiguity elimination, multi-information fusion, etc., is out of the scope of our discussion here. 
Observation 1: Common challenges facing the phase based measurement methods include reference signal design, receiver phase measurement, discontinuous signal processing, phase error correction, etc.
Observation 2: The existed DL-PRS or UL SRS-Pos can be the candidates for phase based positioning, and note that the sinusoidal signal has been used in other techniques such as BLE AOA solution thus can also be considered.

3 Simulation SRS based AOA estimation
3.1 Parameters configuration
To demonstrate the efficiency of the phase based localization solution, we present the implementation of a carrier phase based AOA estimation experiment with the SRS as the reference signal. SRS sequence has the feature of constant amplitude and good self-correlation, as is shown in Fig 2, which is beneficial for parameter estimation. 
[image: ][image: ]
(a)                             (b)
Fig 2: (a) constant amplitude        (b) self correlation
The resource mapping of SRS is shown in Fig 3 and the key parameters of our simulation are list in Table 1.
[image: ]
Fig. 3 SRS resource mapping
Table 1 key parameters of SRS configuration
	Description
	value

	Carrier frequency
	3.35GHz(n78)

	SCS
	30KHz

	Bandwidth
	100MHz(273RB)

	SRS bandwidth
	240RB

	Symbol start positon
	Symbol 12

	SRS period
	80

	SRS transmission comb
	4


We perform the simulations with different SNRs and interference (bias) such as the sampling time offset(STO) and the sampling frequency offset(SFO).
3.2 Phase measurement
The base station is configured with a square array with four antennas. The phase difference between antennas can be observed in Fig. 4. Obviously the phase difference stability is higher in the environment with less interference. 
[image: ] [image: ] [image: ]
(a)                      (b)                        (c)
Fig 4: the phase difference between antennas. (a) SNR=-10dB (b) SNR=5dB (c) SNR=15dB
3.3 Phase error and calibration
Furthermore, we summarize the performance of AOA estimation in the Fig. 5. The mean error of AOA estimation are 4.5[deg] and 10[deg] in the LOS and NLOS configurations, respectively.
[image: ]
Fig 5: The cumulative distribution function of AOA in LOS and NLOS scenarios.
Note that the calibration is necessary due to the various non-idealities. Specifically includes at least three aspects. The varying initial phase offset (IPO) caused by the phase-locked loop since the different RF chain of each antenna. The sampling time offset(STO) and the sampling frequency offset(SFO) due to the unsynchronization between the transmitter and the receiver. The STO would induce a bias to the real time delay, whereas the SFO would cause a random noise to be added to the STO. The phase measured corresponding to antenna m and the subcarrier k can be denoted as 

where  denotes the phase error caused by STO and SFO, and  denotes the IPO of antenna m, Z stands for the stochastical noise caused by the environment and other interferences. The estimation result before and after calibration are shown in Fig 6 and list in Table 2.
[image: ]
Fig 6: the phase difference between antennas after calibration
Table 2: AOA estimation before and after antenna calibration
	Real angle
	Estimated angle
（before calibration）
	Estimated angle
（after calibration）

	30[deg]
	161
	33

	60[deg]
	246
	59

	90[deg]
	1
	91

	120[deg]
	181
	109

	240[deg]
	157
	246



[bookmark: _GoBack]The contents above demonstrate the feasibility of phase based positioning through the exist SRS signal. We therefore have the following proposal
Proposal 1: For the reference signal determination of the carrier phase based positioning solution, consider reusing the existed PRS/SRS-Pos or introducing the pure carrier wave of sinusoidal signal.
3.4 Evaluation and observations
There is a slight difference for DL and UL positioning. In DL positioning, if support the reusing of PRS as the reference signal, the PRS resource set can still be used to for UE to differentiate TRPs. In UL positioning, all of the TRPs receive the PRS of the identical PRS resource. For the simplification of phase based distance estimation, it is recommended to maintain equal carrier space in the frequency domain, which is satisfied to some extent in the current design of PRS pattern. In addition, the precise synchronization between TRPs are required.
If consider the scheme similar to GNSS, it is recommended to introduce a new reference signal for phase measurement. The selection of a pure carrier wave of sinusoidal signals will simplify the computation since no wipe-off operations are needed. Conversely, other types of waveforms are also available as long as continuous in time. If that, the receiver needs to remove the modulated information to recover the carrier by decoding or other techniques. 
Moreover, inspired by the truth that in GNSS positioning, the pseudo range can be integrated into the carrier phase measurement for performance improvement. It is feasible to combine the phase based solution with other solutions such as TDOA to promote the accuracy. 
Proposal 2: The carrier phase based solution can be combined with other measurements such as the TOA/TDOA to promote the accuracy. 
4 Conclusion
In this contribution, we discuss the carrier phase based positioning methods for performance improvement. We present a design and implementation of the SRS based AOA estimation system, and evaluate the accuracy in various environments as well as the influence factors such as phase related distortion. Based on the discussion, we have the following observations and proposals.
Observation 1: Common challenges facing the phase based measurement methods include reference signal design, receiver phase measurement, discontinuous signal processing, phase error correction, etc.
Observation 2: The existed DL-PRS or UL SRS-Pos can be the candidates for phase based positioning, and note that the sinusoidal signal has been used in other techniques such as BLE AOA solution thus can also be considered.
Proposal 1: For the reference signal determination of the carrier phase based positioning solution, consider reusing the existed PRS/SRS-Pos or introducing the pure carrier wave of sinusoidal signal.
Proposal 2: The carrier phase based solution can be combined with other measurements such as the TOA/TDOA to promote the accuracy. 
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