3GPP TSG RAN WG1 #109-e		                         R1- 2204524
e-Meeting, May 9th – 20th, 2022

Agenda Item:	9.5.2.2
Source: 	LG Electronics 
[bookmark: _GoBack]Title: 	Discussion on OFDM based carrier phase measurement in NR
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction 
In RAN#94-e meeting, a study item on evolution of OFDM based carrier phase measurement in NR is approved and the corresponding description is provided in [1].
	· 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 on OFDM based carrier phase measurement in NR. 

2. Discussion 
Positioning based on carrier phase measurement
Carrier phase measurement based positioning is one of a promising technique that has been used in GPS/GNSS for centimetre-level accuracy. The carrier phase measurement is a measure of the range between a transmitter and receiver expressed in units of cycles of the carrier frequency. The carrier wave for the GNSS signal is a sine wave with a period of less than one metre. Since the wave length of carrier frequency is significantly short in general, the carrier phase measurement can be made with very high precision.
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Figure 1 shows a brief example of how the distance between a transmitter and a receiver can be expressed as a phase domain representation. The propagation distance between the transmitter and the receiver can be expressed by a fractional part and integer multiple of the wave length. Due to the property of the short wave length of the carrier frequency, measuring the fractional part of the wave length would be quite useful for high accuracy. Meanwhile, it should be noted that integer value cannot be extracted by a carrier phase measurement; the receiver can measure only a range of 0~2π range can be measured within a wave. Therefore, solving a problem of integer ambiguity is one of the important issue in implementing carrier phase measurement in positioning system. There are many researches regarding this issue, integer ambiguity resolution, as a result various approaches to resolve it are proposed. It is notable that commonly known one of the promising technique for the integer ambiguity resolution is least squares ambiguity decorrelation adjustment method, also known as LAMBDA, which was originally proposed in [2].
Also, phase drift due to the transmitter/receiver clock error affects the phase measurement accuracy. Since the carrier phase measurement is a technique that is used for achieving high accuracy, clock error need to be eliminated. In GNSS system, differencing technique has been used to eliminate clock bias from satellite and receiver, which requires multiple measurements. For example, to eliminate the clock error of a transmitter, two different receivers should measure the signal transmitted by the transmitter and take the difference between them which ensures elimination of clock error at the transmitter since it is the common term between measurements of two different receivers. Likewise, to eliminate the clock error of a receiver, two different transmitters should transmit a signal at the same time to the receiver. Then, the signals from two different transmitters should be measured and differentiated to ensure elimination of clock error at the receiver since it is the common term between measurements. It is common scenario for GPS/GNSS for those clock error elimination at the same time, which is called double-differencing. Moreover, for eliminating clock error of the transmitter, measurement of the positioning reference unit, that the location is known, would be required, which is the main idea of real-time kinetic, also known as RTK.
Like other positioning techniques, positioning using carrier phase measurements also sensitive to multipath. One of the main difference between carrier phase measurement in GPS/GNSS and in NR is the location of the transmitter. In NR, it is very likely to have higher multipath probability compared to GPS/GNSS since it is terrestrial network, which makes the LoS estimation more important. Since the carrier phase measurement is based on the estimation of distance between transmitter and receiver, the path for estimation should be selected very carefully to ensure it is LoS path. Otherwise, the performance limit of carrier phase measurement in NR will be limited even with high accuracy is achieved in phase measurement. Moreover the phase distortion of the received signal due to the interference, including impact due to the multipath environment, should be considered carefully. Since the carrier phase measurement is aimed at high precision positioning, phase distortion due to the interference cannot be neglected.

Carrier phase measurement in OFDM system
As described in a previous section, the carrier phase measurement in GNSS system can take advantage of the property of the sinusoid signal. Meanwhile, OFDM based the positioning reference signals are used for measuring UE positioning in NR. Generally the carrier phase cannot be obtained directly from a received signal in OFDM system. To obtain carrier phase from a receive signal, it would be worth to use a contiguous waveform across multiple symbols. However, the positioning reference signals in NR has a staggered pattern. Moreover, in CP-OFDM system, subcarriers rarely have continuous waveform at the symbol boundary due to the CP. Thus how to extract phase measurement from the received OFDM symbol(s) should be discussed in detail. The received baseband signal of the l-th OFDM symbol in multipath channel can be expressed as bellow: 
  --  Eq. 1
where  and  are the channel gain and the time delay of the p-th path respectively and P is the number of paths in a multipath scenario. is a base band signal of a transmitter and  is a carrier frequency. As we can see in this equation, the carrier phase value is included in a baseband signal. There are several methods to extract carrier phase measurement from a received OFDM signal using a baseband processing. In [3], the carrier phase is measured using a single subcarrier where effectively reflect the distance information. Also time domain window is used to extract LOS path which contains desired distance information. In [4], complex gain which contains the carrier phase information is estimated using a least squares estimation, and all the subcarriers of the positioning reference signal in a OFDM symbol are used to enhance the accuracy. There are pros and cons for each of methodologies. The phase measurement using a single subcarrier has advantage in NLOS elimination however it can be thought to waste of bandwidth since the whole bandwidth is exploited for multipath suppression and single measurement is came out. On the other hand, the phase measurement using multiple subcarriers have potential for diversity gain of measurement since multiple measurements can be obtained, however it would be hard to eliminate NLOS path after multiple measurement or distinguish LOS path among them.

Potential issues
To support the carrier phase measurement in NR, the impact and the performance by the reference signal structure and configuration should be discussed with high priority. According to the SID, it is recommended to focus on reuse of existing PRS and SRS. Reusing the existing reference signal would be worth from a network overhead perspective and would not cause coexistence issues with legacy signal/channels. However, feasibility of the carrier phase measurement in NR has not yet been precisely studied. It is our understanding that introducing a new sinusoidal reference signal like GPS/GNSS is not a desirable since it may force to implement specific receivers even with low interference due to narrow bandwidth. Therefore, reusing conventional reference signal is desirable which is also mentioned in SID. From these point of views, performance evaluation of the carrier phase measurement with existing PRS and SRS design should be prioritized. In order to investigate the reusability and need for modification of existing positioning reference signals, several aspects including PRS/SRS resource mapping pattern (e.g. comb type and staggered RE pattern) and required BW should be considered. Study of introducing new reference signal can be deprioritized, and it would be worth starting if the bottleneck or drawback is observed from the investigation of reusing existing reference signal 
Proposal 1: Performance evaluation of the carrier phase measurement with existing PRS and SRS structure should be prioritized.
As described in a previous section, there are several approaches to implementing the carrier phase measurement in the OFDM based positioning. It could be expected that optimal PRS/SRS structure and configuration would be different for approaches. For example, using a single subcarrier based approach may require smaller BW for positioning reference signal, while the accuracy of the carrier phase extraction using multiple subcarriers may increase as larger BW is used. Also, UE complexity and power consumption by the phase estimation algorithm needs to be investigated precisely. High precision positioning would be required not only for advanced UEs but also for low cost/complexity UEs. Thus it would be worth estimating required UE complexity and the pros/cons of each carrier phase measuring approach. 
Proposal 2: Study pros and cons of candidate estimation methods for NR carrier phase measurement including UE complexity. 
It is obvious that problems to be solved for the carrier phase measurement in GNSS should be considered in NR carrier phase measurement as well. In general, most of state of art solution in GNSS can be reused in NR to overcome the potential problems. One the other hand, some modification and new design need to be introduce due to the differences between GNSS and NR system in several aspects. First, the UE positioning behaviour is fully coordinated by the network(e.g. gNB and LMF). Therefore positioning procedure for the carrier phase measurement needs to be considered for the carrier phase measurement in NR. For example, measurement report procedure for differencing which is for eliminating clock error needs to be optimized for NR framework. Since the uplink positioning was not considered in GNSS based positioning, how to deal with the potential problems in this scenario need to be discussed. Also, how to report measured carrier phase information, including information regarding integrity if necessary, should be discussed. 
Proposal 3: Methods to deal with the conventional problems of the carrier phase measurement positioning in NR positioning system should be studied (e.g. integer ambiguity, transmitter/receiver clock error, and multipath).

3. Conclusion
In this contribution, we discussed on potential enhancements on OFDM based carrier phase measurement in NR. From the discussion, we obtained following proposals:
Proposal 1: Performance evaluation of the carrier phase measurement with existing PRS and SRS structure should be prioritized.
Proposal 2: Study pros and cons of candidate estimation methods for NR carrier phase measurement including UE complexity. 
Proposal 3: Methods to deal with the conventional problems of the carrier phase measurement positioning in NR positioning system should be studied (e.g. integer ambiguity, transmitter/receiver clock error, and multipath).
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