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Introduction
In RAN- 98 e-meeting, the WI of Rel-18 positioning [1] is approved, and the objectives on improved accuracy can be seen as below:
· 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 focus on the discussion on solutions for accuracy improvement based on NR carrier phase measurements.  
Discussion 
DL Carrier phase positioning 
In RAN1-109 e-meeting [2], the following agreements were archived on the definition of carrier phase.
Agreement
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 
In RAN1-111 meeting [3], the following agreements on relative carrier phase measurements were archived for UE-assisted NR carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion.
Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique
In RAN1-112 meeting [4], the following agreements were archived on the definition of DL CP and DL CPD.
Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP
Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP
Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP
The principle of carrier phase based positioning can be seen in Figure 1. Take DL for example, TRPs transmit PRS and UE measures carrier phase of each PRS from each TRP. As for the measurement of carrier phase, UE need to obtain the phase of each PRS by PLL. But it cannot obtain the number of integer multiples of the carrier wavelength, which is called as integer ambiguity. It can only obtain the fractional part of a cycle of the RF frequency. And the carrier phase can be measured from the DL PRS of a TRP directly, as well it can also be the difference between the carrier phase measured from the DL PRS of the target TRP and the carrier phase measured from the DL PRS of the reference TRP. As for the reference TRP, the legacy configuration can be reused for carrier phase based positioning. 
For UE-assisted carrier phase positioning, UE need to send the measurement report to LMF after obtain the carrier phase from each PRS.


Figure 1: carrier phased based positioning
As for the DL reference point of the reference signal carrier phase, there are two alternatives agreed in RAN1-112b e-meeting [5].
Agreement
Support one of the following options for the definition of the reference point of the UE/TRP carrier phase measurements (down-selection in RAN1#113).
· Option 1: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for frequency range 1 and frequency range 2.
· The reference point of the TRP carrier phase measurements is defined the same as the reference point of RTOA for frequency range 1 and frequency range 2.
· Note: It is up to UE/TRP’s implementation on how to map the carrier phase to the reference point for reporting.
· Option 2: 
· The reference point of the UE/TRP carrier phase measurements is defined as the antenna phase center of the UE/TRP Rx antenna for frequency range 1 and frequency range 2.
· UE/TRP should provide the antenna phase center offset (PCO), i.e., the relative position between the antenna phase center and the antenna connector to LMF
· FFS: the more details of the PCO reporting, e.g., in LCS or GCS frame
As for the reference point of the UE carrier phase measurement, we prefer to reuse the reference point of RSTD. It means that for frequency range 1, the reference point for the UE carrier phase shall be the antenna connector of the UE. For frequency range 2, the reference point for the UE carrier phase shall be the antenna of the UE.
Proposal 1: The reference point for DL RSTD can be reused for DL RSCP.
The number of symbols for legacy PRS can be 2, 4, 6 and 12. And the largest periodicity for PRS is 10240ms. While for carrier phase tracking, it may need some time for UE. And different UE may need different time duration and can support different periodicity for PRS. In this case, it is better to support UE to report the minimum number of symbols for PRS and the largest periodicity for PRS that the UE can support for carrier phase positioning.
Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.
UL Carrier phase positioning 
In RAN1-111 meeting [3], the following agreements on relative carrier phase measurements were archived for UL NR carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion.
Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique
In RAN1-112 meeting [4], the following agreements were archived on the definition of UL CP.
Agreement
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE

It is similar as DL based carrier phase positioning, for UL, UE needs to send SRS and TRP will measure the carrier phase from the UL SRS. While for UL, also both carrier phase from SRS directly, and carrier phase difference between SRS and reference carrier phase can be considered. And TRPs will send the measurement report of carrier phase to LMF.
As for the reference point of the UL reference signal carrier phase, the reference point for UL RTOA can be reused. It means that: 
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
Proposal 3: The reference point for UL RTOA can be reused for UL RSCP.
Integer ambiguity
In RAN1-111 meeting [3], the following agreements were archived
Agreement
Capture the following TP into TR 38.859 in section 6.3.1.
· The potential solutions of integer ambiguity resolution for NR carrier phase positioning were investigated in the study item, which include the following: 
· Reporting of the carrier phases of more than one frequency from UE/TRP to LMF;
· Note: frequency refers to frequency of carrier or frequency of subcarrier(s)
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF;
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF;
· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier;
· Note: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
· LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP).

In RAN1-112 meeting [4], the following agreements were archived on solution for integer ambiguity.
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.

In order to solve the problem of integer ambiguity, multiple potential solution can be considered. First existing positioning measurements need to be used, such as time based positioning. For example, for DL UE -assisted carrier phase positioning, the measurement report for DL-TDoA can be reported together with carrier phase measurement results. While it is also possible for UE to calculate the integer ambiguity and/or the search range of the integer ambiguity and report to LMF, but it will introduce more complex for UE and the measurement results for DL-TDoA can’t be obtained by LMF which may take measurement results for DL TDoA as other usages.  So we prefer to consider the reporting of the carrier phase measurements together with the existing positioning measurements with high priority. And similar method for TRP report need to be supported.
In addition, it is also feasible to obtain the number of integer multiples of the carrier wavelength based on the carrier phase measurement results of multiple carrier frequencies or subcarriers. According to the WID, only specify measurements that are limited to a single carrier/PFL. Thus it is not supported for multiple carrier frequencies. But using carrier phase differentials across multiple subcarriers within a carrier is still feasible. So for DL UE assisted carrier phase positioning, it needs to support UE to report carrier phase for multiple subcarriers. While for UL carrier phase positioning, it needs to support TRP to report carrier phase for multiple subcarriers.
Proposal 4: Support positioning report to contain the carrier phase of multiple sub-carriers.
Assistance information from LMF
As discussed in last RAN1 meeting, the following two kinds of the assistance information were discussed. In order to reduce the UE side complexity, we prefer to support Option 2.
· For UE-based carrier phase positioning, consider supporting one or both of the following options (aiming to make a decision in RAN1#113):
· Option 1: Enabling LMF to forward the DL carrier phase measurement reported by a PRU and other PRU information to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether DL carrier phase measurement is DL RSCP and/or DL RSCPD depends on which of them is (are) supported.
· FFS: other PRU information, such as PRU location, to be included in the positioning assistance data
· Option 2: Enabling LMF to provide, optionally, the differential corrections to a target UE for UE-based carrier phase positioning.
· FFS: the details of the correction information, which may include the corrections for TRP phase errors, ARP/APC errors, etc.
Proposal 5: Support LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.
Phase errors
In RAN1-111 meeting [3], the following agreements are archived on the phase error for carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion:
· At least the double differential technique with PRU is feasible for UE-based, and network-based NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
· Note 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during the normative work.
· Note 2: the required PRU density also needs further discussion
· Note 3: other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded

And during the discussion in RAN1-112b e-meeting [5], following options were agreed to address the impact of the phase delay.
[bookmark: FP2]Agreement
To address the impact of the phase delays on Tx/Rx RF chains, support one or more of the following options (down-selection in RAN1#113):
· Option 1a: introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals 
· Rel-17 definitions of UE/TRP Tx/Rx TEGs can be used as the starting point for defining UE/TRP Tx/Rx PEGs.
· FFS: the details of \the UE/TRP Tx/Rx PEGs
· Option 1b: Introduce Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs to identify the individual Tx/Rx RF chains for transmitting/receiving the DL PRS/UL SRS signals. 
· FFS: the details of the Tx/Rx RF antenna IDs or Tx/Rx RF chain IDs
· Note: Device transmitting PRS or positioning SRS provides Tx antenna ID or Tx Chain ID. Device receiving PRS or positioning SRS provides Rx antenna ID or Rx Chain ID.
· Option 1c: introduce the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals. 
· The transmission/reception associated with the same ARP ID is assumed from the same ARP.
· FFS: the maximum number of ARP IDs.
· Option 2: reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value.
· Option 3: RAN1 sends an LS to RAN4, requesting RAN4 to consider whether there is a need to define the new UE/TRP Tx/Rx phase error groups (PEGs), introduce new IDs (e.g., Tx/Rx RF antenna IDs ) to present the phase delays for the Tx/Rx of DL PRS/UL SRS signals, or reuse or enhance the existing Rel-17 definitions of UE/TRP Tx/Rx TEGs with smaller margin value, and provide the definitions if RAN4 decides it is needed.

In order to solve the problem of initial phase error, double differential operation is a basic approach which can be seen in Figure 2. The requirement of double differential operation is two receivers, so the PRU introduced in R17 positioning can be used to be as the other receiver. In this case, based on the measured carrier phase of TRP at the PRU side and the accurate location of the PRU, the initial phase of TRP transmitter can be estimated and adjusted. With the same method, the initial phase of the TRP receiver can also be estimated by measured carrier phase of UL SRS transmitted from PRU.
In addition to TRP side, there is also some initial phase error at UE side, which means the phase will be changed between baseband unit and RF unit. And the phase error can be estimated and reported by UE. Then during the procedure of carrier phase positioning, UE needs to report the carrier phase together with the corresponding phase error group to LMF. As for the five options agreed in last RAN1 meeting, we prefer Option 1a or Option 2. We don’t think it is suitable to introduce Tx/Rx RF antenna ID or ARP ID. A logical Index is much more preferred. 


Figure 2, Double differential operation
Proposal 6: Introduce the definition of the phase error group or reuse TEG with small margin value for initial phase error mitigation.
Time stamp
And during the discussion in RAN1-112b e-meeting [5], following options were agreed on time stamp.
Agreement
Adopt one of the following options for a timestamp associated with a reported RSCP/RSCPD measurement (make the decision in RAN1#113): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
· FFS: Whether to clarify in the specification the reported RSCP/RSCPD value presents the RSCP/RSCPD of a specific OFDM symbol within the slot identified by the NR-TimeStamp.
· Option 2:
· NR-TimeStamp, currently defined in TS 37.355, should be enhanced to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurements.
From our point of view, since carrier phase can be reported together with legacy measurement results, we prefer to reuse the NR-timestamp in this case. Otherwise, more than one time stamp will be reported or only new time stamp can be reported. Actually, with legacy time stamp, LMF can know which PRS resource is measured. So we think legacy time stamp can be reused for carrier phase. We can understand that the carrier phase at different symbol may be varied largely. Based on legacy time stamp, a default rule  can de defined for the reference symbol. And the reference symbol can be the first symbol of the slot, of the first or the last symbol of PRS/SRS resource. 
Proposal 7: Reuse NR-timestamp with clarification in the specification that the specific OFDM symbol is the first or the last symbol of the PRS/SRS resource.

Conclusion
In this contribution, we discussed about accuracy improvement based on NR carrier phase measurements. Based on above discussion, we provide the following proposals.
Proposal 1: The reference point for DL RSTD can be reused for DL RSCP.
Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.
Proposal 3: The reference point for UL RTOA can be reused for UL RSCP.
Proposal 4: Support positioning report to contain the carrier phase of multiple sub-carriers.
Proposal 5: Support LMF to provide the differential corrections to a target UE for UE-based carrier phase positioning.
Proposal 6: Introduce the definition of the phase error group or reuse TEG with small margin value for initial phase error mitigation.
Proposal 7: Reuse NR-timestamp with clarification in the specification that the specific OFDM symbol is the first or the last symbol of the PRS/SRS resource.
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