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1. Introduction
At the RAN#98-e meeting, new WID on Rel-18 NR positioning was agreed [1]. The work item includes objectives related to improved positioning accuracy as follows:
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].
· 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 present our views on physical layer measurements and signalling to support NR DL and UL carrier phase positioning for Rel-18 NR positioning.

2. Integer ambiguity
In carrier phase positioning, precise detection of wave-number between transmitter and receiver is an important procedure. If there is an ambiguity of the measured carrier wave-number (i.e., integer ambiguity), the positioning accuracy is degraded. Regarding solution of integer ambiguity resolution, some candidates were discussed in the last meeting and the following agreements were made [2].
Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements

Agreement
To support NR carrier phase positioning, further consider the following options:
· Option 1: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF
· NOTE: the frequency can be the carrier frequency or the frequency of a subcarrier
· FFS: the details of reporting, e.g., the maximum number of reported frequencies within a PFL/ carrier
· Option 2: Introduce and report a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier
· NOTE: carrier phase differentials across multiple subcarriers within a carrier can be related to time of arrival
· Option 3: Support a UE/TRP to optionally report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.

GNSS carrier phase measurement calculates positioning metric by using the measured carrier wave-length, wave-number between satellite and receiver, and received carrier phase. It means that the wave-length and wave-number are used for coarse estimation step and then the carrier phase is used for fine estimation step on top of that. From the perspective of NR specification impacts, reusing legacy positioning measurement results for NR carrier phase positioning would be reasonable. After that, the measured carrier phase can be used to adjust it as the fine estimation step. For NR carrier phase measurement, DL/UL reference signals are DL-PRS and SRS similar to legacy positioning method. In DL carrier phase positioning, considering hybrid positioning with DL-TDOA, a UE can report DL carrier phase together with RTSD measurement results. In UL carrier phase positioning, considering hybrid positioning with UL-TDOA, a TRP can report UL carrier phase together with RTOA measurement results. Therefore, we think at least RSTD and RTOA can be used as the coarse estimation step for DL and UL carrier phase positioning.
Proposal 1: 
· For solution of integer ambiguity resolution, legacy NR positioning measurements such as RSTD and RTOA can be used as coarse estimation step.

We need further discussion on whether UE Rx-Tx time difference and gNB Rx-Tx time difference can be considered as integer ambiguity resolution or not. For example, it may be better to clarify whether both measurement results of UE Rx-Tx time difference and gNB Rx-Tx time difference are required to resolve integer ambiguity or not.
If both measurement results of UE Rx-Tx time difference and gNB Rx-Tx time difference are required to resolve integer ambiguity, we need to discuss firstly whether round-trip carrier phase positioning should be specified or not. If either measurement result of UE Rx-Tx time difference or gNB Rx-Tx time difference is enough to resolve integer ambiguity, we need to discuss which legacy positioning method can be considered. Since gNB Rx-Tx time difference corresponds to Timing Advance (TA), measurement results of UL E-CID (e.g., TA) may be considered for integer ambiguity resolution.
Observation 1: 
· It may be better to clarify whether both measurement results of UE Rx-Tx time difference and gNB Rx-Tx time difference are required to resolve integer ambiguity or not.
Proposal 2: 
· If either measurement result of UE Rx-Tx time difference or gNB Rx-Tx time difference is enough to resolve integer ambiguity, we should discuss which legacy positioning method can be considered.
· E.g., Whether measurement results of UL E-CID (e.g., TA) can be used for integer ambiguity resolution or not can be discussed.

In addition to the solution based on legacy positioning measurements, possible solutions were discussed at the last meeting. Here, we discuss each solution in the above agreement.

Option 1:
Option 1 was discussed at the previous meetings, however, it’s not clear what is the difference between option 1 and option 2. Firstly, the mechanism and concept of option 1 should be clarified to have common understanding among companies.
Proposal 3: 
· Details of integer ambiguity resolution based on reporting carrier phase measurements of more than one frequency within a PFL/carrier from UE/TRP to LMF should be clarified.

Option 2:
Integer ambiguity resolution based on measurement of multiple carrier frequencies is known as one solution in GNSS carrier phase positioning. For example, the receiver measures the carrier phase of different carrier frequencies such as f1 signal and f2 signal and calculates the carrier phase difference between signals on two carriers. Based on both the measured carrier phases and the carrier phase difference, the number of candidates of the estimated wave-number between the satellite and the receiver can be reduced. Such new measurement based on carrier phase differentials across multiple subcarriers within a carrier may be beneficial for further accurate integer ambiguity resolution in NR carrier phase positioning. 
Proposal 4: 
· For further accurate integer ambiguity resolution, new measurement based on carrier phase difference(s) across multiple subcarriers within a carrier should be considered.

Option 3:
In coarse estimation step, introducing integer ambiguity resolution based on legacy positioning measurements was agreed. From perspective of integer ambiguity resolution, it’s not clear what is the benefit of reporting estimated integer ambiguity with uncertainty. The benefit of reporting estimated integer ambiguity if any should be clarified.
Proposal 5: 
· The benefit of reporting estimated integer ambiguity with uncertainty if any should be clarified.

Option 4:
The current NR positioning methods support PRS measurements based on assistance data which provides helpful information. For example, DL-AoD method supports RSRP/RSRPP measurements based on the assistance data providing expected angle of arrival/departure at the UE. Similarly, assistance data which provides helpful information to operate NR carrier phase measurement can be considered. For example, assistance data providing the expected integer ambiguity range may be beneficial for integer ambiguity resolution.
Proposal 6: 
· Assistance data which provides the expected integer ambiguity range should be considered.

3. Multipath mitigation
Regarding multipath mitigation, the following FL proposal was made at the last meeting [3].
[bookmark: _Toc128127614](H)(Round 1) Proposal 4-1 
Select one of the following options for NR carrier phase positioning: 
· Option 1: Report the carrier phase of the first path only
· Option 2: Report the carrier phase of the first path, and optionally, the additional paths

In general, since LOS path based carrier phase measurement is important to achieve high positioning accuracy, at least first arrival path reporting should be supported. In addition, additional path reporting is also supported as optional feature in legacy positioning methods, and the reporting purpose is up to implementation. For example, propagation distance difference between first arrival path and additional paths such as less than one wave-length may be calculated from carrier phase of additional paths. In the case, it may be helpful to improve LOS/NLOS detection accuracy.
Given the above potential motivation, reporting carrier phase of additional path (i.e., option 2 in the above FL proposal) can be supported for NR carrier phase positioning.
Proposal 7: 
· Support the following option:
· Option 2: Report the carrier phase of the first path, and optionally, the additional paths.

4. Phase Error Group (PEG)
Regarding PEG, the following FL proposal was made at the last meeting [3].
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Consider the following appraoches to address the potential impact of UE/TRP Rx/Tx group delays on NR carrier phase positioning:
· Introduce the UE/TRP Tx/Rx phase error groups (PEGs), which can be defined similarly to existing UE/TRP Tx/Rx TEGs, with very small error margins (e.g., in the range of a small fraction of a cycle).
· Note: the error margins for UE/TRP Tx/Rx PEGs can be defined by RAN4
· Send an LS to RAN4 once RAN1 completes the definition of UE/TRP Tx/Rx PEGs

To provide high accuracy positioning results, mitigation of impact of UE/TRP Rx/Tx delay should be considered. Such mitigation scheme of Rx/Tx delay was specified as Timing Error Group (TEG) in Rel-17 NR. If Rx/Tx timing delay corresponds to Rx/Tx phase delay, TEG feature may be reused to mitigate phase delay in carrier phase positioning. Thus, the benefit of introducing PEG in addition to TEG should be clarified firstly.
Proposal 8: 
· Benefit of introducing PEG in addition to TEG should be clarified firstly.

5. Conclusion
In this contribution, we discussed on physical layer measurements and signalling to support NR DL and UL carrier phase positioning for Rel-18 NR positioning. Based on the discussion, we made following observation and proposals.
Observation 1: 
· It may be better to clarify whether both measurement results of UE Rx-Tx time difference and gNB Rx-Tx time difference are required to resolve integer ambiguity or not.
Proposal 1: 
· For solution of integer ambiguity resolution, legacy NR positioning measurements such as RSTD and RTOA can be used as coarse estimation step.
Proposal 2: 
· If either measurement result of UE Rx-Tx time difference or gNB Rx-Tx time difference is enough to resolve integer ambiguity, we should discuss which legacy positioning method can be considered.
· E.g., Whether measurement results of UL E-CID (e.g., TA) can be used for integer ambiguity resolution or not can be discussed.
Proposal 3: 
· Details of integer ambiguity resolution based on reporting carrier phase measurements of more than one frequency within a PFL/carrier from UE/TRP to LMF should be clarified.
Proposal 4: 
· For further accurate integer ambiguity resolution, new measurement based on carrier phase difference(s) across multiple subcarriers within a carrier should be considered.
Proposal 5: 
· The benefit of reporting estimated integer ambiguity with uncertainty if any should be clarified.
Proposal 6: 
· Assistance data which provides the expected integer ambiguity range should be considered.
Proposal 7: 
· Support the following option:
· Option 2: Report the carrier phase of the first path, and optionally, the additional paths.
Proposal 8: 
· Benefit of introducing PEG in addition to TEG should be clarified firstly.
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