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Introduction
In RAN1#112bis-e [1], we discussed the solutions for NR carrier phase measurement and reporting. In this paper, we further provide our views on the remaining issues for NR carrier phase positioning.

The definitions of NR carrier phase measurements
In this section, we share our views about the definitions of NR carrier phase measurements. 
The reference point of carrier phase measurements
In RAN1#112bis-e [1], the reference point of NR carrier phase was discussed and we have the following agreement.
	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



For the definition of NR reference signal carrier phase, we think that the reference point of UE/TRP carrier phase measurements should be defined as the antenna phase center of the UE or gNB, which can improve the accuracy of carrier phase measurement and reduce the phase measurement errors due to the antenna phase center offset. In addition, 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. 
Proposal 1: Support 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.

RF frequency of NR carrier phase measurements
In RAN1#112bis-e [1], the RF frequency of NR carrier phase measurements were discussed and we have the following agreement.
	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.



With regards to the RF frequency of NR reference signal carrier phase, we think that LMF can also configure/request one or multiple candidate RF frequencies for the carrier phase measurement for a UE/TRP, and the UE/TRP selects one of them as the specific RF frequency for the carrier phase measurements. Configuring multiple candidate RF frequencies is useful to increase accuracy for NR CPP from the following two aspects: 
According to the analysis and simulation results in [2], the gNB ARP position errors do not affect the integer ambiguity determination of multi-frequency carrier phase positioning, although they affect the final UE position by the same order of errors, which is relatively small. As a comparison, multiple gNB ARP positions are necessary for computing the cost function in the single frequency carrier phase method. Multi-frequency carrier phase method is more robust to gNB ARP position errors and can be used to eliminate the influence of some gNB ARP error. Therefore, NR carrier phase positioning method should support reporting carrier phase measurements on multiple frequencies as described in the Appendix. The multiple candidate RF frequencies for the carrier phase measurements can be configured/requested by LMF to UE/TRP.
Besides, according to the carrier phase measurements of multiple candidate RF frequencies configured by LMF, UE/TRP can select one of these candidate RF frequencies as the specific RF frequency for the carrier phase measurements. The selected RF frequencies for the carrier phase measurements can be the frequency with the best channel status or frequency with the highest carrier phase measurement quality, which can increase accuracy for NR CPP.
Proposal 2: Support LMF configures/requests one or multiple candidate RF frequencies for the carrier phase measurement for a UE/TRP, and the UE/TRP selects one or multiple of them as the specific RF frequency for the carrier phase measurements.

Timing information of NR carrier phase measurements
In RAN1#112bis-e [1], the timing information of NR carrier phase measurements were discussed and we have the following agreement.
	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.




For the measurement timing of RSCP/RSCPD, we think the timestamp associated with a reported RSCP/RSCPD measurements should be enhanced to include the OFDM symbol index in a slot. As the carrier phase measurements could be different on different OFDM symbols in a slot due to the impacts from carrier phase errors (e.g. CFO/Doppler). Therefore, it is necessary to define the carrier phase measurements with a symbol-level granularity so that phase errors at symbol level can be eliminated by the double differential method. 
Proposal 3: Support to enhance the NR-TimeStamp, currently defined in TS 37.355, to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurement report.

Differential CPP and PRU
Simultaneous SRS transmission
In RAN1#112bis-e [1], the simultaneous SRS transmission have been discussed and we have the following agreement.
	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



With regards to the first [indicated], we do not think that it is correct, since LMF cannot indicate any specific SRS resource allocated for the target UE. However, LMF could indicate the reference SRS configuration, which has been already allocated for PRU. The serving gNB of the target UE may take that into account when deciding the UL SRS resources configuration for the target UE within the vicinity of the reference SRS configuration, which should be sufficient to enable simultaneous transmission of UL SRS for positioning by the target UE and the PRU. Therefore, we think the first [indicated] should be removed.
With regards to the second [indicated], we also do not think it is needed. The measurement request from LMF already contains the SRS configuration intended for the measurement. It is not clear why LMF could provide the full SRS configuration, and on top of it further indicates a subset of SRS for the gNB to measure.
With regards to the time window for the measurement, this window is similar to the MTW discussion in Rel-17, which spans across multiple SRS transmission occasions so that the TRPs are synchronized on the measurement instances. The window can have a start time and a duration.
Proposal 4: Remove the first [indicated] and the second [indicated] from the previous agreement.
Proposal 5: With regards to the details of the time window details for SRS configuration request, support LMF to provide a reference SRS configuration for the purpose of requesting the serving gNB(s) of a UE to configure the transmission of the UL SRS resources within the vicinity of the reference SRS.
Proposal 6: With regards to the details of the time window details for the SRS measurement request, a measurement window (similar to MTW discussed in Rel-17) that spans multiple SRS transmission occasions should be considered.
· The window has a start time or a duration.

Simultaneous PRS measurements
In RAN1#112bis-e [1], the simultaneous PRS measurements have been discussed and we have the following agreement.
	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.



With regards to the [indicated] in the previous agreement, we prefer not to add it. In general, all PRS resources within the UE capability should be processed by the UE. LMF could adjust the assistance data if it intends to reduce the DL-PRS resources for the UE to measure.
With regards to the window, similar to the discussion of UL, this window is similar to the MTW discussion in Rel-17, which spans across multiple PRS transmission occasions so that the UEs are synchronized on the measurement instances. The window can have a start time and a duration.
Proposal 7: With regards to the details of the time window details for the PRS measurement, a measurement window (similar to MTW discussed in Rel-17) that spans multiple PRS transmission occasions should be considered.
· The window has a start time or a duration.
For measurement reporting of RSCPD, in RAN1#112bis-e [1], the following proposal about phase measurement reporting has been agreed.
	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.


The remaining issue is how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting. We revisit the carrier phase measurement expression:

where  is the transmission delay between UE and the -th gNB at time t,   are the random phase error of UE and the -th gNB at time t incorporating the initial RF phase and clock synchronization error. 
For DL carrier phase positioning, by differentiation operation of the RSCP at the UE side, the phase offset  can be eliminated. It is noted that since the phase offset of  relates to the time instance, which means the phase error varies from time to time due to the clock drift, RF chain on-off, uplink/downlink switch (TDD mode) and so on. Hence, for the RSCPD measurement, the carrier phase of the reference TRP and neighbor TRP should be measured simultaneously to eliminate the time varying phase error at the UE side.
Proposal 8:  For RSCPD measurement, the RSCPD is obtained based on the simultaneously measured carrier phases of the reference TRP and neighbour TRP.

Measurement instances for RTOA/RTT/RSTD and RSCP/RSCPD
In RAN1#112bis-e [1], the following proposal about phase measurement reporting has been agreed.
	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 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.



For RSCP reported along with Rx-Tx time difference and/or RTOA, to eliminate the time-varying phase offset , LMF needs to select the RSCP measurements that are measured at the same time to do the differentiation operation. It is noted that for Rx-Tx time difference and/or RTOA can be obtained based on the measurement of multiple PRS and/or SRS instances. However, for carrier phase, due to the time-varying characteristic, it can only be obtained based on one PRS/SRS instance. Time domain combination/smoothing cannot be adopted. Hence, to ensure that enough RSCP measured simultaneously can be selected during each measurement reporting, multiple RSCP measurements associated with one Rx-Tx time difference and/or RTOA measurement can be reported.
Proposal 9:  For RSCP reporting, multiple RSCP measurement instances associated to one Rx-Tx time difference and/or RTOA can be reported together.
For RSCPD reported along with RSTD measurement, the RSTD can also be obtained based on the measurement of multiple PRS instances. However, for RSCPD, due to the time-varying characteristic, it can only be obtained based on one PRS instance.  Similar to the discussion of RSCP reporting, time domain combination/smoothing cannot be adopted in RSCPD reporting. Hence, multiple RSCPD measurements associated with one RSTD measurement can be reported to ensure that enough RSCPD measurements can be selected during each measurement reporting to increase the accuracy of carrier phase positioning.
Proposal 10:  For RSCPD reporting, multiple RSCPD measurement instances associated to one RSTD can be reported together.

Assistance information for UE-based CPP
For UE-based positioning, UE receives the DL PRS from the TRPs and obtains the carrier phase measurement. According to Appendix, double differential carrier phase can be used to overcome the phase offset between different TRPs, random initial phase error and other imperfect factors. To this end, target UE needs to obtain the carrier phase measurements by the PRU to perform double differential carrier phase positioning. The PRU can first transfer the carrier phase measurements to LMF, and then the LMF can calculate the correction data (e.g. inter-TRP phase synchronization offset) based on the measurement from PRU and provide it to the UE.
Proposal 11: For UE-based carrier phase positioning, the PRU CPP measurement can be provided to the UE in the assistance data.
When the target UE and PRU are located close to each other, it can be assumed that the target UE and PRU have a very close AOD to a same TRP, as showing in the following figure:
[image: ]
Figure 1 UE-based carrier phase positioning method
Assuming the AOD between TRP1 and UE/PRU is , and the AOD between TRP2 and UE/PRU is .  are the distances from PRU and target UE to TRP1 and  are the distances from PRU and target UE to TRP2, respectively.  is the vector from the PRU to the UE. We can get the double differential distance  as following formula:

Where and  can be obtained from the double differential carrier phase measurement. If there are three TRPs, we can get the double differential distance  as following formula:

Then, the location of target UE can be calculated by using the following formula: 
 
Through the above carrier phase positioning method, we can obtain the location of UE without the location of TRP.
Proposal 12:  In addition to the PRU CPP measurement, additional information in the assistance data may include PRU location and AoD of PRU to each TRP.

Phase error group
In RAN1#112bis-e [1], the phase error group was discussed and we have the following agreement.
	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.



About the phase error group, we think that defining the UE/TRP Tx/Rx phase error groups for the Tx/Rx of DL PRS/UL SRS signals is not feasible to address the impact of the phase delays on Tx/Rx RF chains, as different chains would have different phase. It is not case as TEG where two chains could be grouped in a TEGs, while for phase measurement, different chains should be different PEG.
Recall the functionality of TEG, where different chains are virtualized as timing error group. It on one hand facilitates the multiple chains combination, while on the other hand, fails to commit even the simplest functionality of identifying the ToA measurements (from multiple TRPs) obtained from the same antenna. The TEG feature took a sufficient long time to stabilize, and even now RAN2/RAN4 is still discussing the margin values.
Observation 1: TEG feature took a very long time to stabilize, and the functionality cannot fulfill the basic needs.
We do not think we should open up the discussion of PEG, based on the lesson learnt from specifying TEG. On the other hand, since the localization of UE using RF technologies is actually localizing UE antenna reference point, while the CPP positioning could be able to differentiate different UE antenna reference points due to its high accuracy, a straightforward way to report the ARP information for Rx/Tx. In this case, we do not need to discuss how to group the antenna, nor do we need discuss any margin value.
Proposal 13: Do not introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.
Proposal 14: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.

Additional measurement reporting
In RAN1#112bis-e [1], the additional measurement reporting was discussed and we have the following agreement.
	Agreement
Further study whether and how to support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements. 



With regard to the quality indication of the carrier phase measurement, we think that reporting the carrier phase measurement quality indication for corresponding the phase measurements can be helpful to increase accuracy for NR CPP, as LMF can select the carrier phase measurement with good quality. As for the method to indicate the quality of carrier phase measurement, we assume that the candidates of the carrier phase measurement quality indication can include an estimate of uncertainty of the phase value and the resolution of the carrier phase quality, like the existing quality indication for ToA/AoA.
Proposal 15: Support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements.

Conclusion
In this contribution, we have the following observation and proposals with regards to the NR carrier phase positioning.
Observation 1: TEG feature took a very long time to stabilize, and the functionality cannot fulfill the basic needs.
Proposal 1: Support 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.
Proposal 2: Support LMF configures/requests one or multiple candidate RF frequencies for the carrier phase measurement for a UE/TRP, and the UE/TRP selects one or multiple of them as the specific RF frequency for the carrier phase measurements.
Proposal 3: Support to enhance the NR-TimeStamp, currently defined in TS 37.355, to include the OFDM symbol index in a slot, as the timestamp for RSCP/RSCPD measurement report.
Proposal 4: Remove the first [indicated] and the second [indicated] from the previous agreement.
Proposal 5: With regards to the details of the time window details for SRS configuration request, support LMF to provide a reference SRS configuration for the purpose of requesting the serving gNB(s) of a UE to configure the transmission of the UL SRS resources within the vicinity of the reference SRS.
Proposal 6: With regards to the details of the time window details for the SRS measurement request, a measurement window (similar to MTW discussed in Rel-17) that spans multiple SRS transmission occasions should be considered.
· The window has a start time or a duration.
Proposal 7: With regards to the details of the time window details for the PRS measurement, a measurement window (similar to MTW discussed in Rel-17) that spans multiple PRS transmission occasions should be considered.
· The window has a start time or a duration.
Proposal 8:  For RSCPD measurement, the RSCPD is obtained based on the simultaneously measured carrier phases of the reference TRP and neighbour TRP.
Proposal 9:  For RSCP reporting, multiple RSCP measurement instances associated to one Rx-Tx time difference and/or RTOA can be reported together.
Proposal 10:  For RSCPD reporting, multiple RSCPD measurement instances associated to one RSTD can be reported together.
Proposal 11: For UE-based carrier phase positioning, the PRU CPP measurement can be provided to the UE in the assistance data.
Proposal 12:  In addition to the PRU CPP measurement, additional information in the assistance data may include PRU location and AoD of PRU to each TRP.
Proposal 13: Do not introduce the definition of UE/TRP Tx/Rx phase error groups (PEGs) for the Tx/Rx of DL PRS/UL SRS signals.
Proposal 14: Support introducing the report of ARP ID for the Rx/Tx of DL PRS/UL SRS signals.
Proposal 15: Support a UE/TRP to report the carrier phase measurement quality indication for corresponding the phase measurements.
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Appendix
Multiple carrier phases can be measured at different subcarriers. Carrier phases corresponding to virtual frequencies may be synthesized by using carrier phases on different frequencies assuming the same phase centre among the frequencies.
Assumed that the double differential carrier phases measured on multiple frequencies  are , the carrier phase measurement value on the i-th frequency satisfies the following formula:
	
	
	(1)


where  is the double differential distance between the two TRPs and the two UEs; c is the speed of light;  is the corresponding carrier phase integer ambiguity.
The multi-frequency carrier phase measurements can be linearly combined to generate the virtual carrier phase measurement corresponding to the virtual frequency:
	
	
	(2)


where  is the virtual carrier phase measurement and  is the corresponding virtual frequency;  is the linear combination coefficient and is an integer;  is the corresponding carrier phase integer ambiguity. K virtual frequencies with gradients  can be synthesized using different linear combination coefficients and the corresponding double differential carrier phases are  .
The integer ambiguity corresponding to the low frequency  is solved by using the coarse range measurements firstly. 
	
	
	(3)


where  indicates rounding.
Combining with the carrier phase corresponding to , the ranging result  with improved accuracy can be obtained.
	
	
	(4)


Further, the integer ambiguity  corresponding to  can be obtained by bringing  to (4). In this way, the integer ambiguity is determined step by step, and a high-accuracy ranging (double differential) result corresponding to the high frequency can be obtained.
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