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Introduction 
In 3GPP TSG RAN WG1#112b-e [1], the following agreements were made for carrier phase positioning.
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.

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

Agreement
To enable simultaneous transmission of UL SRS for positioning by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the serving gNB of a UE to configure the transmission of the [indicated] UL SRS resources from the UE within indicated time window(s).
· FFS: the details of the time window, e.g., the start time, duration, periodicity for the time window(s), within the vicinity of a reference SRS configuration or use the existing message of Scheduled Location time
· Enabling LMF to request the serving gNB and neighboring gNBs of the UE to measure the [indicated] UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

[bookmark: _Hlk133351121]Agreement
Support the reuse of existing physical layer procedures for DL positioning (e.g., DL-TDOA) with the necessary enhancements in measurement configuration, request and report (e.g., adding the configuration related to the NR DL CPP) for both UE-based and UE-assisted NR DL carrier phase positioning, including
· UE in RRC_CONNECTED state with measurement gap.
· FFS: UE in RRC_CONNECTED state without measurement gap 
· UE in RRC_INACTIVE state

Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose.
· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.

Agreement
· Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF
· Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
· Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.

Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 

Agreement
For NR UL carrier phase positioning for UE in RRC_CONNECTED and RRC_INACTIVE states, support reuse of existing physical layer procedures for UL positioning (e.g., UL-TDOA), with necessary enhancements in the measurement configuration, measurement request and measurement report (e.g., the configuration related to the NR UL CPP).
· FFS: the details of the enhancements.

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.

[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 this contribution, we provide our views on carrier phase positioning techniques from RAN1 perspective.
Physical layer measurement and signalling for carrier phase positioning
Carrier phase measurement definition
For the definition of UE/TRP carrier phase measurements reference point, the following agreement was achieved in 3GPP TSG RAN WG1#112bis-e [1]:
	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


In the last RAN WG1#112b-e meeting, FL summarized that, in general, the carrier phases are measured by referring to the antenna phase centre (APC), which is the apparent source of radiation. The APC position may not coincide with the geometric centre of the antenna, or the antenna connector. Keeping this in mind, the carrier phase obtained from DL PRS is referenced to the APC. 
If option 1 (reuse the definition of Rel-17) is adopted, through the previous analysis, UE needs to map the obtained carrier phase from the APC to the antenna connector. And the position of the antenna phase centre is not necessarily the geometric centre of the antenna, instead, it depends on the direction of the radio signal coming in. Under this option, as mentioned by FL, UE has to derive and compensate the delta phase with the help of the relative position between APC and antenna connection and also the direction information of the DL PRS signals from the TRP. If option 2 is adopted, UE should report the measured phase and the relative position between APC and the antenna connector. 
In summary, both option 1 and option 2 require UE/TRP to measure/estimate the relative relationship between the APC and antenna connector, and option 1 additionally requires the UE/TRP to measure the direction of the radio signal coming in, but this is up to UE/TRP’s implementation. From our perspective, if option 1 is adopted as the reference point definition for carrier phase measurements, carrier phase positioning has better compatibility with other legacy positioning methods, and there’s no extra signalling required for UE/TRP. Hence, we have the following proposal:
[bookmark: _Ref7001]Proposal 1: Support the following definition for reference point of the UE/TRP carrier phase measurements:
· 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.
Carrier phase measurement configuration and/or report
2.2.1 Integer ambiguity 
As approved in the previous 3GPP RAN Meeting #98-e [3], carrier phase positioning is supported in Rel-18 WID, for UE-assisted positioning, existing DL PRS is used for carrier phase measurements. For carrier phase positioning, an integer part N and a fractional part Φ of the carrier phase are required to calculate the target UE’s location. Wherein, the integer part search range can be deduced from the timing-based positioning technology if carrier phase positioning is not a standalone positioning method, i.e., carrier phase positioning is executed together with other legacy positioning technologies (such as TDOA), and the fractional part Φ is the carrier phase measured by the receiver (e.g., in the time domain or frequency domain based on the existing PRS/SRS). 
In our previous contributions [4,5], it is proved that the integer search procedure is time-consuming especially when the integer ambiguity exceeds a certain level, which heavily affects the positioning performance. Taking this into consideration, it would be beneficial if the network suggests an initial location to determine the scope of integer N. For UE-based or NG-RAN node-assisted positioning, if LMF can get UE’s rough location, e.g. based on the previous measurement results or RAT-independent methods, a proper range of N values can be informed to UE, further improving the positioning performance. 
For the integer ambiguity problem, the following agreement was achieved in 3GPP TSG RAN WG1#112 [2] (there was no agreement in 3GPP TSG RAN WG1#112bis-e, further discussion is required:
	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.


For option 3 and option 4, we believe that option 4 is more feasible. There is no strong demand for UE/TRP to report the estimated integer ambiguity in LMF-based NR carrier phase positioning, because LMF usually has more location information or measurement results than UE/TRP. LMF holds all the measurement results that UE/TRP reported, not only from the target UE, and LMF can estimate/calculate a more reasonable integer ambiguity for the target UE.
Therefore, option 4 is our first preference. If there are other benefits proposed concerning UE/TRP reporting the estimated integer ambiguity, option 3 can also be supported if there are explicit benefits concerning UE/TRP reporting the estimated integer ambiguity. Hence, we have the following proposal.
[bookmark: _Ref12793]Proposal 2: For signalling concerning the integer ambiguity, at least support LMF providing the range of integer to UE for UE-based NR carrier phase positioning.
2.2.2 Carrier phase report
For the indication of carrier phase measurement quality, the following agreement was achieved in 3GPP TSG RAN WG1#112bis-e [1]:
	Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 



Similar to other positioning measurements, it is important for the receiver to provide the measurement quality indication to the LMF. For NR timing measurements, NR-TimingQuality is defined in TS 37.355 to indicate the measurement quality of a timing value (e.g., of a TOA measurement). The IE in the NR-TimingQuality field includes timingQualityValue for an estimate of the uncertainty of the timing value and timingQualityResolution for the resolution used in the timingQualityValue field. And GNSS measurement also includes several IEs that are related to measurement quality. Therefore, a quality indicator for carrier phase measurement is also required for carrier phase measurement. 
In general, there might be multi-PRS transmitted between the same TRP and UE pair with the same or different PFL/carriers in a positioning process, and the measured carrier phases of these different (sub-)carriers might be different. The number of reported PRS carrier phase measurements, physical channel environment and PRS propagation multi-path could affect the accuracy of carrier phase evaluation. Taking these factors into consideration, UE can report the uncertainty of phase measurement and further provides the corresponding phase measurement quality or phase measurement confidence, which is similar to the existing timing measurement quality or angle measurement quality. Hence, we have the following proposal:
[bookmark: _Ref18399]Proposal 3: Support UE/TRP reporting the carrier phase measurement quality together with the phase measurement result.
For the timestamp of RSCP/RSCPD measurement, the following agreement was achieved in 3GPP TSG RAN WG1#112bis-e [1]:
	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.


In the last meeting, it was agreed that the carrier phase measurement result can be reported together with other measurement results. Keeping this in mind, the current timestamp in TS 37.355 should be supported and reused for carrier phase measurement for better compatibility, it’s more reasonable to use the same timestamp definition with other legacy positioning methods. 
[image: ]
[bookmark: _Ref446]Figure 1. Example for carrier phase measurement difference 
And as discussed in the last meeting’s summary, the carrier phase difference between different OFDM symbols is more like unpredictable errors. Take comb-4 as an example, as the figure above shows, the measured carrier phase in OFDM symbol i should be equal to that of OFDM symbol i+4. And the carrier phase difference between adjacent carriers of adjacent symbols is caused by the difference in subcarrier spacing, which is a known value (which is abs(CombOffset_2 – CombOffset_1)*SCS*d/c, e.g., 0.01 Rad or 0.57 degrees for SCS=30kHz, d=50m). A granularity of a slot is quite enough for carrier phase measurement time stamp. For the FFS part, it’s not necessary to report the specific OFDM symbol index from our perspective. Hence, we have the following proposal.
[bookmark: _Ref7641]Proposal 4: Adopt the following option for a timestamp associated with a reported RSCP/RSCPD measurement): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
Multi-path for carrier phase positioning
In 3GPP TSG RAN WG1#112 meeting, the following proposal was discussed but no consensus has reached:
	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


As shown in the following figure, the measured carrier phase on the receiver side is related to the transmission path of the SRS/PRS. Compared to the NLOS path, the LOS path can reflect the distance relationship between the receiver and the transmitter more accurately. On the contrary, if UE/TRP measures the carrier phase of the received signal that is transmitted with the NLOS path, the position of the target UE cannot be estimated with the measured carrier phase.
[image: ]
[bookmark: _Ref18176]Figure 2. A simple example for LOS/NOS propagation path 
In addition, during the SI stage, there is no explicit evaluation or simulation result that testifies the carrier phase of the additional paths is beneficial for the positioning performance.
Furthermore, reporting the carrier phase of the additional path will definitely increase the UE’s measurement and report load, and even if we get the phase of the additional path, the benefits of this report are unknown for carrier phase positioning. Hence, we have the following proposal:
[bookmark: _Ref18301]Proposal 5: Support UE/TRP reporting the carrier phase of the first path only at least for Rel-18.
Enhancement on PRU assisted carrier phase positioning
Our previous simulations show that there are multiple error sources, including ARP error, initial phase error, etc., which may deteriorate the carrier phase positioning performance. To reduce the side effects of these errors on positioning performance, PRUs can help the positioning system calibrate the carrier phase-related errors. For a TRP, if the ARP or phase error corresponding to the same beam set remains unchanged, the explicit ARP error or carrier phase error can be evaluated with the help of one or more PRUs. A possible error calibration flow is shown in the following figure.
[image: ]
[bookmark: _Ref7687]Figure 3. ARP or carrier phase error calibration diagram
The ARP or carrier phase error calibration process is as follows (take ARP error as an example):
STEP 1: PRU/PRS selection
LMF should select several PRU(s) to help UE calibrate ARP error, and the criterion for PRU selection may include the following requirements: 
1) The selected PRU should be able to receive the same PRS as that of the target UE. 
2) The selected PRU should be in the LOS direction with the corresponding TRPs.
As shown in Figure 4, there are several PRUs located around a UE, and a TRP is transmitting multiple PRS during the positioning process. In this case, PRU 3 and PRU 4 are selected as reference PRUs to calibrate the error sources for the target UE. PRU 3, PRU 4 and target UE share the same ARP error in this deployment setting.
[image: ]
[bookmark: _Ref9378]Figure 4. PRU selection example
STEP 2: Measurement report
PRU(s) measure and report the carrier phase of the received PRS. 
STEP 3: Error calculation
After receiving the carrier phase reported by PRU, LMF can calculate the expected error source as follows:
Assume that the antenna location of TRP is (x,y), the ARP error is (ex,ey), and the actual ARP location is (X,Y)= (x+ex, y+ey). The following calculation describes the error estimation detail.
Suppose the coordinates of PRU 3 and PRU 4 are (x3,y3), (x4,y4) respectively. The PRS carrier phase measured by PRU 3 and PRU 4 are ,  respectively. The actual distance between TRP and PRU 3 is:

The actual distance between TRP and PRU 4 is:

where  is the wavelength of measured PRS,  and  are the integer parts of PRU 3 and PRU 4, combining the above formula, the actual TRP antenna location (X,Y) can be calculated. The estimated ARP error (ex,ey) can be calculated as follows:
.
STEP 4: Error delivery
After error calculation, LMF can deliver the estimated error to UE for further location calculation. In this way, UE can get more precise positioning results while calibrating the ARP error. The carrier phase error can also be calculated in the same way. Hence, we have the following proposal.
[bookmark: _Ref12105]Proposal 6: For DL UE-based carrier phase positioning, the ARP or carrier phase error of the TRP can be delivered by LMF.
In the PRU-assisted carrier phase positioning procedure, PRU knows the exact location where it camps on. Assume that the coordinates of TRP and PRU are (xT,yT), (xP,yP) respectively, and the PRS carrier phase measured by PRU is , the carrier phase error is Δ, the distance between TRP and PRU is 
]
Substituting the known coordinates and measured carrier phase to the above equation, the carrier phase error can be calculated. And the estimated carrier phase error can be reported by PRU to LMF.
[bookmark: _Ref12108]Proposal 7: For UE-based carrier phase positioning, the carrier phase error can be reported by PRU to LMF.
In our previous contributions [4,5], it is proved that single/dual differential technique with PRU can improve the positioning accuracy in carrier phase positioning. And the previous discussion in RAN1 meetings demonstrated that the use of PRU in carrier phase positioning is beneficial for both UE-based and UE-assisted NR carrier phase positioning. If PRU is adopted in a positioning process, PRU should report the carrier phase measurement results to LMF. But for UE-based carrier phase positioning, all of the measurement results should be collected by UE. Therefore, LMF can forward the PRU carrier phase measurement results to UE for further location estimation. Hence, we have the following proposal:
[bookmark: _Ref18323]Proposal 8: For UE-based carrier phase positioning, support LMF forwarding the carrier phase measurement results of the PRU to the target UE.
Multiple sub-carriers phase measurement
As described in our previous contributions [4,5], the carrier phase estimation error, PCO, ARP error, etc., may affect the carrier phase positioning accuracy. Single carrier phase measurement may result in some accidental errors/positioning errors, further deteriorating the positioning performance. The simulation results in our previous contributions show that reporting the carrier phase measurement result from multiple sub-carriers in one carrier/PFL can improve performance compared with TDOA concerning the initial random phase. And dual differential carrier phase can mitigate the positioning side effects brought by ARP error. All of these verified that multiple-phase measurement is beneficial for improving positioning accuracy. 
From another perspective, in the carrier phase positioning procedure, each sub-carrier has its own carrier phase (Φ, fractional part). The carrier phase of the centre sub-carrier could represent the carrier phase of the whole carrier/PFL. To support multiple sub-carrier phase measurements, a positioning carrier/PFL can be divided into several segments, and each segment could have its own carrier phase. Through the theoretical analysis in [5], it can be observed that the carrier phase error from two frequency segments could be removed. The scope of integer searching with differential carrier phase(s), i.e., using virtual wavelength, can be minimized (or even be zero), which will reduce the computation complexity of location de-composition. As shown in the following figure, if we divide a PFL into 2 sub-PFL, the corresponding location estimation can be determined as follows:

Figure 5. Definition of virtual wavelength 


                           
λ is the wavelength of the radio signal, Φ is the fractional part of carrier phase estimation, ΦDrift is the carrier phase error, N is the integer part of carrier phase, d is the real distance between UE and gNB (LOS distance). Combining these two equations, we have:


If the above equation is multiplied by a virtual wavelength  , there will be


Where, the ΔΦ=Φ2-Φ1, ΔN=N2-N1.
It can be observed that the carrier phase error (ΦDrift) from two frequency sections in one carrier within one site (or one gNB) is removed by a single difference. And also, if the frequency difference of two sub-carriers is small enough, the scope of integer searching with differential carrier phase(s) ΔN can be minimized (or be zero). The computational complexity can be minimized. To realize carrier phase positioning with the help of multiple frequency segments, the center frequency and corresponding phase of different carrier segments need to be reported. Hence, we have the following proposal. 
[bookmark: _Ref31713]Proposal 9: Support measuring and reporting the carrier phase of multiple sub-carriers/segments in one carrier/PFL. 
- center frequency or λ should be informed for each selected sub-carrier/segment.
Regarding the multiple sub-carriers phase measurement problem, the following agreement was achieved [2] (there was no agreement in 3GPP TSG RAN WG1#112bis-e, further discussion is required):
	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.


For multiple sub-carrier phase measurements, in option 1, there is an FFS concerning the details of reporting for multiple sub-carrier phase measurements. As shown in Figure 6, a PFL/carrier contains multiple sub-carriers, and UE may report the carrier phase of several sub-carriers in one measurement report. 
[image: ]
[bookmark: _Ref16015]Figure 6. UE reports the carrier phase of multiple sub-carriers 
In Figure 6, N indicates the number of sub-carrier to be reported in each carrier phase measurement result, and M represents the number of carrier phase reports in each PFL. LMF can configure the requirement M or N for multiple sub-carrier phase measurements. In this way, UE can execute carrier phase measurement and report procedures as configured by LMF.
Hence, we have the following proposal:
[bookmark: _Ref18376]Proposal 10: If a UE/TRP supports the carrier phase measurements of more than one frequencies within a PFL/carrier, the following enhancement can be supported:
-LMF configures the number of PRBs/sub-carriers for each carrier phase measurement report.
-LMF configures the number of carrier phase measurement reports for each PFL/carrier.
Phase Error Group
As mentioned in the last meeting, a UE/TRP may have several Tx/Rx antenna panels with different Tx/Rx chains, which may lead to RF signals that are transmitted and/or received through various RF chains, and experience distinct group delays. To address the impact of the phase delays on Tx/Rx RF chains, the following agreement was achieved in 3GPP TSG RAN WG1#112bis-e [1]:
	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 Rel-17, RAN1 has introduced the Timing Error Group (TEG) to address the group delays for timing measurements. For carrier phase positioning, it’s feasible to introduce a new definition of UE/TRP Rx/Tx phase error groups to address the group delays in the phase measurements. A gNB (or TRP) or UE may be equipped with multiple antennas (including transmission antenna, and reception antenna). Different antennas may have different phase errors when performing carrier phase measurements. As the following figure, it is appropriate to measure the carrier phase with the antenna(s) within a phase error group (PEG) which is similar to TEG defined in Rel-17. More specifically, one or more antennas within a phase error margin can be grouped into a PEG. 


Figure 7. Conception for PEG
With the help of PEG, UE (for UE-based positioning method) or LMF (for UE-assisted/NG-RAN node-assisted positioning method) can choose the appropriate antenna/PEG for location estimation with the measured and/or reported carrier phase. The phase error can be minimized, and the positioning accuracy can be definitely improved. Taking these factors into consideration, option 1a should be supported.
For option 1b, in our opinion, different RF chains or RF antennas may have different phase errors. Even with RF chain ID or RF antenna ID reported, the phase error is still unclear. More specifically, how to map the RF chain ID to phase error is another problem from RAN1 perspective, UE/TRP may still have no idea about the phase error for PRS/SRS transmission with the reported RF chain or antenna ID. 
For option 1c, in the current specification, ARP ID has been introduced for TRP, and TRP will report the ARP ID together with the measurement result together to LMF for positioning purposes. Basically, ARP may have different coordinates from the corresponding TRP. The option 1c is to specify the phase error on the UE side by repurposing the definition of ARP, it is not desirable since it may cause specification indigestible.
For option 2, carrier phase measurement is more related to phase error evaluation, instead of timing error. The benefits of enhancing the current TEG for carrier phase measurement is not clear yet. Instead, it would be useful if we can clarify the relationship between PEG and TEG. Therefore, it would be better to define PEG, wherein the definition of TEGs can be used as the starting point for PEGs, i.e., adopt the note in option 1a.
As for option 3, from our point of view, this can be decided by RAN1, introducing PEG for carrier phase measurement is a feasible way to address the impact of the phase error. Hence, we have the following proposal.
[bookmark: _Ref18405][bookmark: _Ref12141][bookmark: _Ref6952]Proposal 11: To address the impact of the phase delays on Tx/Rx RF chains, support the following option:
· 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.

Conclusion
In this contribution, we provide our views on carrier phase measurement based positioning techniques, proposals are listed as follows:
Proposal 1: Support the following definition for reference point of the UE/TRP carrier phase measurements:
· 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.
Proposal 2: For signalling concerning the integer ambiguity, at least support LMF providing the range of integer to UE for UE-based NR carrier phase positioning.
Proposal 3: Support UE/TRP reporting the carrier phase measurement quality together with the phase measurement result.
Proposal 4: Adopt the following option for a timestamp associated with a reported RSCP/RSCPD measurement): 
· Option 1:
· NR-TimeStamp, currently defined in TS 37.355, is reused as the timestamp with the granularity of a slot. 
Proposal 5: Support UE/TRP reporting the carrier phase of the first path only at least for Rel-18.
Proposal 6: For DL UE-based carrier phase positioning, the ARP or carrier phase error of the TRP can be delivered by LMF.
Proposal 7: For UE-based carrier phase positioning, the carrier phase error can be reported by PRU to LMF.
Proposal 8: For UE-based carrier phase positioning, support LMF forwarding the carrier phase measurement results of the PRU to the target UE.
Proposal 9: Support measuring and reporting the carrier phase of multiple sub-carriers/segments in one carrier/PFL. 
- center frequency or λ should be informed for each selected sub-carrier/segment.
Proposal 10: If a UE/TRP supports the carrier phase measurements of more than one frequencies within a PFL/carrier, the following enhancement can be supported:
-LMF configures the number of PRBs/sub-carriers for each carrier phase measurement report.
-LMF configures the number of carrier phase measurement reports for each PFL/carrier.
Proposal 11: To address the impact of the phase delays on Tx/Rx RF chains, support the following option:
· 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.
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