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1 Introduction
A work item has been agreed for positioning in RAN #98-e with the following objective for carrier phase positioning [1]:
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].



In this contribution, we discuss carrier phase measurements and associated signaling. 
2 Carrier phase measurements and reporting
2.1 Carrier phase measurement definition
The principle of carrier phase positioning is to measure the phase which represents fractional part of the number of wavelengths of direct distance from the transmitter to the receiver. The integer number of wavelengths is computed by the integer ambiguity resolver, which then gives positioning accuracy comparable to the carrier wavelength. Thus, the received phase of the LoS path is the measurement of interest. In multipath channels, the NLoS paths will also be received with their own phases, which will correspond to the flight times of those paths as well as possible phase changes introduced by the reflections or attenuations/blockers in these paths. The phase of interest is still the phase that would have been measured if these paths had been absent and only the LoS path had been present. In practice the device may not know whether the earliest path it observed is in fact the LoS path or not. As in the case of the definitions for timing-based measurements, the earliest detected path must be used as proxy. 
Proposal 1: Carrier phase measurements should correspond to the phase of the first detected path. 
Analogous measurements based on timing (for timing-based positioning methods) and RSRPP (for angle-based positioning) have been defined in Rel16/17. These approaches can be extended to define measurements of phase for carrier phase positioning. We can define a phase difference, RSPD, analogous to the time difference RSTD for the UE report, and a phase report RPOA analogous to the time report RTOA for the gNB report. The phase reports should be granular enough so as to not be the limiting factor in the accuracy of the method.
Proposal 2: For DL carrier phase positioning, define a UE RSPD measurement consisting of the difference between phases of two PRS, analogous to RSTD for DL-TDOA
Proposal 3: For UL carrier phase positioning, define a gNB RPOA measurement consisting of the phase of the received UL SRS for positioning, analogous to RTOA for UL-TDOA.
Proposal 4: The granularity of the phase reporting should be fine enough so that the error it produces is much smaller than the UE’s positioning error. 

2.2 Reporting for carrier phase positioning
Resolving the integer ambiguity requires knowledge of coarse position so as to limit the number of integer hypotheses. The coarse position may also be used to estimate the angles of arrival/departure, which may be used to determine and compensate for the phase offset introduced by the transmit and receive beam phase responses. This coarse position may be obtained by other Rel16/17 NR positioning schemes. Thus, for UE-assisted positioning, it is natural for the UE to report to the LMF the carrier phase report along with existing measurements that determine this initial coarse position. 
Proposal 5: RSPD should be reported together with RSTD. 
In Rel-17, the concept of TEGs was introduced, in order to allow indication from a transmitter that two different transmissions experienced similar transmit group delays, and similarly to allow indication from a receiver that two different received signals experienced similar receive group delays. The group delays may have been different for a variety of implementation specific reasons, such as different transmit/receive chains being used, or variation of group-delay with time/temperature, etc. The details of the implementation are abstracted away and the information relevant to positioning is captured in the reports of the TEG-IDs. In the case of carrier phase positioning, a similar approach can be used, using the concept of a Phase Error group (PEG), which represents a set of signals transmitted (for Tx-PEG) or received (for Rx-PEG) while maintaining relative phase coherence (to within some margin of error, e.g., related to frequency offset errors etc). This is even more important for carrier phase as compared to the case of TEGs, because while the group-delays may be generally expected not to vary too dramatically, the phase coherence may be completely lost for a variety of implementation-specific reasons such as uplink/downlink switching and power-level changes. 
Proposal 6: Study PEG-ID reporting scheme, an extension of TEG-ID reporting concept for phase reports. Measurements/transmissions with same PEG-ID are phase-coherent. Consider allowing a larger number of PEG-IDs than TEG-IDs

2.3 Assistance data for Carrier phase, and role of PRUs
Analogous to the RTDinfo IE for UE-based DL TDOA, a UE computing UE-based position using carrier phase requires knowledge of the phase offsets between any pair of gNBs. Due to difficulties in keeping the TRPs perfectly phase-synchronized relative to each other, these phase offsets may vary with time much more rapidly than the time-synchronization offsets vary. Thus, PRUs play an essential role in carrier phase positioning, namely to estimate these offsets and report them to the LMF. Since the offsets may vary rapidly across time (e.g., slot or occasion index), and also across PRS resources, the LMF should provide the offsets to the UE with more time-granularity than allowed in current RTDinfo IE.
Proposal 7: Assistance data for UE-based carrier phase positioning includes phase differences between the PRS resources of the TRPs, including timing (e.g., PRS occasion) of the PRS resources whose phase difference is being reported.
If the PRS observed by the UE and the PRU were not transmitted coherently by the TRP, then the PRU’s measurement is not useful. Since coherence may be lost over time due to various reasons as explained above, one way to ensure coherence is to ensure that both the UE and the PRU measure precisely the same resource. This leads to the following proposal:
Proposal 8: Discuss mechanisms for time-alignment of measurements(DL)/transmissions(UL) across UE and PRU

3 Conclusion
We have discussed the standardization support needed for carrier phase positioning feature, and proposed the following: 
Proposal 1: Carrier phase measurements should correspond to the phase of the first detected path. 
Proposal 2: For DL carrier phase positioning, define a UE RSPD measurement consisting of the difference between phases of two PRS, analogous to RSTD for DL-TDOA
Proposal 3: For UL carrier phase positioning, define a gNB RPOA measurement consisting of the phase of the received UL SRS for positioning, analogous to RTOA for UL-TDOA.
Proposal 4: The granularity of the phase reporting should be fine enough so that the error it produces is much smaller than the UE’s positioning error. 
Proposal 5: RSPD should be reported together with RSTD. 
Proposal 6: Study PEG-ID reporting scheme, an extension of TEG-ID reporting concept for phase reports. Measurements/transmissions with same PEG-ID are phase-coherent. Consider allowing a larger number of PEG-IDs than TEG-IDs
Proposal 7: Assistance data for UE-based carrier phase positioning includes phase differences between the PRS resources of the TRPs, including timing (e.g., PRS occasion) of the PRS resources whose phase difference is being reported.
Proposal 8: Discuss mechanisms for time-alignment of measurements(DL)/transmissions(UL) across UE and PRU
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