[bookmark: _Ref452454252]3GPP TSG-RAN WG1 #109	R1-2203753
e-Meeting, 9th May – 20th May, 2022

Agenda item:		9.5.2.2
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source:	MediaTek Inc.
Title:	On carrier phase measurement
Document for:		Discussion

1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The carrier phase measurement was first realized in GNSS system. The basic concept for carrier phase measurement is that the distance between a satellite and a receiver could be represented by a number of wavelength (cycles) and the phase in terms of the carrier frequency. The phase here means the fraction of the wavelength. If the phase could be measured, the accuracy would be enhanced significantly. 

Under a same distance, the carriers with different frequencies may arrive with difference phases. Then the phase differences between the carriers with different frequencies may also be utilized.

GNSS is a single carrier system. NR, based on OFDM signal, is a multicarrier system. In this contribution, we develop mathematically to show how the carrier phase could be measured equivalently under a multicarrier system.

The phase difference based AOD, previously proposed in Rel-17, is treated as a technique for RedCap UE to improve the accuracy with limited TX and RX bandwidth. In our view, this technique is also related to the measurement of carrier phase. We suggest that the following discussion related to the phase difference based AOD is moved to the carrier phase measurement AI.

Our analysis of the phase difference based AOD as contributed to the RedCap UE positioning AI in [1] are further duplicated in the Appendix of this contribution.

2 Carrier phase measurement under a multicarrier system 
For a carrier frequency fa with an initial phase φ(0), then the starting transmission phase is fa*tTX + φ(0) at the starting transmission time point tTX.

When the signal arrives at the time point tRX, and if the receiver (UE) also observes the signal at tRX, the UE will see the signal with the phase fa*tTX + φ(0). Basically the time point tRX is the time that the signal arrives at antenna. Due to the RF group delay, the exact tRX may not be known to the UE when UE observes at baseband. The transmission time point tTX may be known to the UE. However due to the imperfect clock synchronization, there could be a time offset τ between TX and RX. Further, the received carrier signal at RF could be written as
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which is able to show that when t = tRX, the observed phase by the UE at antenna side is the starting transmission phase fa*tTX + φ(0). 

The mixer at the UE could be expressed as
[image: ]
where the parameter x is to address the CFO due to the crystal instability, and ψ(0) is the initial phase of the mixer

After the mixer, the signal could be written as
[image: ]

For another carrier with frequency fb to be transmitted together with the carrier at frequency fa, the signal representation after the mixer could also be written similarly by having a same initial phase at transmission

[image: ]
In above, fa*(tRX – tTX ) and fb*(tRX – tTX ) are the phases related to the distance.

[bookmark: _GoBack]When we take the frequencies of (fa – fc) and (fb – fc) as multiples of subcarrier spacing, we may further sample the signal after the mixer and transform it to the frequency domain. Let the sampling time points based on the reference time tRX’ be expressed as 
[image: ]
The DFT is performed after the sampling. At the frequency point of (fa – fc) and (fb – fc), the corresponding phases are
[image: ]---(1)
[image: ]  ---(2)

The difference of the two phases ((1) – (2)) after being divided by (fa – fb) may be expressed as 
[image: ]---(3)
which is the slope of the phase change in frequency domain, and the desired time of flight term (tRX – tTX ) is also present. The term tRX’ standing for the UE receiving boundary, could be further removed through RSTD.

When more number of subcarriers are observed, a general signature vector could be written as
[image: ]
Where the parameter θ is adjusted to search the time of flight term. From algorithm point of view, it is to search the below desired vector residing in the CFR,
[image: ]

Note that, the conventional algorithm for observing the CIR is to project the CFR to IDFT matrix, and each IDFT vector represents the linear phase change in frequency domain to be associated with a given delay. The CFR in the subcarrier has the phase based on the above derivation. The high resolution receiver may deal with the CFR in frequency domain. Also up to the implementation, the CFR could also be projected to time domain to find a potential region where the first path resides in to narrow down the search range in frequency domain.
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Proposal 2-1: The new RS is not needed for carrier phase measurement under OFDM system

Proposal 2-2: RAN1 to discuss whether carrier phase measurement under the OFDM (multicarrier) system could be equivalent to the usage of high resolution receiver. Then the specification impact may be minimized

3 Conclusion
Proposal 2-1: The new RS is not needed for carrier phase measurement under OFDM system

Proposal 2-2: RAN1 to discuss whether carrier phase measurement under the OFDM (multicarrier) system could be equivalent to the usage of high resolution receiver. Then the specification impact may be minimized

Proposal 3-1: The phase difference based AOD needs to be justified to be better than the RSRP based AOD. Otherwise there is no need to define another solution for the angle based measurement

Proposal 3-2: Move the discussion of the phase difference based AOD to AI 9.5.2.2 for carrier phase measurement
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5 Appendix
	The Bluetooth Core Specification v5.1 has a feature of direction finding. By utilizing an array of multiple antennas, the signals are transmitted across antennas. Among the received signals which are transmitted by each TX antenna to a same UE, the received phase may be slightly different due to the slightly different propagation distance between any antenna in an array to the same UE, as shown in Fig. 3-1.

The similar concept as the phase difference based AOD has been proposed but not agreed in Rel-17. Note that in Rel-16, the RSRP based AOD has been supported in NR. During the Rel-18 study phase, the phase difference based AOD, in our view, needs to be justified to be better than the RSRP based AOD. Otherwise there is no need to specify another solution for angle based measurement.

Fig. 3-2 shows the receiver view for the observed phases of the channels between each TX antenna in an array to a same antenna of UE. For each subcarrier, the observed channels across TX antennas may have the dependency in terms of the phase rotation, and the phase rotation may also be related to the antenna spacing at TX side. Let’s name it as “signature vector” for representing the phase rotations across TX antennas to be observed by UE. For each direction, there is the corresponding signature vector. Generally, the signature vector under a horizontal linear array could be expressed as
[image: ]
where the parameter θ may be related to the direction between TX and RX, and the array placement such as the spacing at TX.

The phase difference based AOD may turn into the search of the signature vector with an unknown value representing the direction, for example the . Then UE may form a steering vector with a same phase rotation structure (the same signature) by changing θ to search. The search could be similar to perform the inner product. Then the θ with maximum output power within the search range may determine the direction (of incoming signal. 

The algorithms for array signal processing may also be applied to provide the finer resolution, such as MUSIC and CAPON, both requiring matrix inversion. For each subcarrier carrying DL-PRS, the vector formed in space domain could be used to construct the correlation matrix of channel and the further inversion of the matrix. 

Fig. 3-3 shows the operation of the RSRP based AOD. A TRP may transmit multiple beams, and UE may measure the RSRP of the beams. The vector of collecting the measured RSRPs among TX beams, or the corresponding differential RSRPs, has the information of direction between a TRP and a UE. Let’s name it as RSRP vector. For each direction, there is the corresponding RSRP vector. Then the RSRP vector under the RSRP based AOD is similar to the signature vector under the phase difference AOD, both representing the direction between a TRP and a UE.

For RSRP based AOD, the beam shape and the orientation of each beam could be pre-determined. For each direction, the vector of collecting the perfect EIRPs or differential EIRPs among TX beams, say an EIRP vector, may represent the transmission direction. At LMF, a steering vector of using this format could search the direction by matching it with the reported RSRP vector. 

Under the RSRP based AOD, the beam shape and the orientation of each beam are also related to the antenna placement. Fig. 3-4 gives an example that, if a beam is designed with the orientation at -120o, the intentional delay or advance for transmitting the signal from each antenna may take into account the additional propagation delay from each antenna toward that direction (-120o in the example), so that the signals from the antennas could be summed coherently at the desired direction, achieving the maximum power.

In above, the additional propagation delay from each antenna of an array toward a same direction are equivalent to form the signature vector.

Then, both the RSRP based AOD and the phase difference AOD utilize the property of antenna placement such as the spacing. In other words, under the RSRP based AOD for a beam, the EIRP in a direction is equivalent to the inner product between the signature vector and the designated direction vector with the amounts of the phase rotations for adjusting the delay for each antenna. The matching means the coherent sum within the inner product of the two vectors.

This also means, the signature vector under the phase difference based AOD, has been transformed to an EIRP vector under the RSRP based AOD.
 

	
	Phase difference based AOD
	RSRP based AOD

	What to measure
	Direct measurement on the signature vector
	Indirect measurement on the signature vector, since the signature vector has been transformed to an EIRP vector. And the UE is to measure the EIRP vector by RSRP measurement

	How to measure
	1, Apply a changing steering vector to search the phase vector through the inner product
2, Fix the steering vectors at several orientations to measure the RSRPs on these orientations through inner product. The RSRPs have the information of direction, and this method is very similar to that for the RSRP based AOD

	1, Measure the RSRP of the beams with several orientations


	How to transmit
	A different antenna port for each antenna, with different time/freq resource allocation

	Same antenna port for all antennas


	RS consumption
	Antenna port number x RS number for a port

	Beam number x RS number for a beam



TABLE 3-1

Proposal 3-1: The phase difference based AOD needs to be justified to be better than the RSRP based AOD. Otherwise there is no need to define another solution for the angle based measurement

Proposal 3-2: Move the discussion of the phase difference based AOD to AI 9.5.2.2 for carrier phase measurement
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                               Fig. 3-1, 
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               Fig. 3-2, receiver view for the observed channel between each TX antenna and a same UE
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            Fig. 3-3,                                           Fig. 3-4,
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