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Introduction
In RAN1#112 [1], we have discussed the solutions for NR carrier phase measurement. In this paper, we further provide our views on carrier phase measurement.

Carrier phase measurements and reporting
In this section, we share our views about the carrier phase measurements. 
The definitions of NR carrier phase measurements
In RAN1#112 [1], the definition of NR carrier phase have been discussed and we have the following agreement.
	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

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




For the definition of NR reference signal carrier phase, we think that the reference point of the RSCP can 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. Besides, we think that the measurement timing of RSCP can be defined as the measurement timestamp, which can be presented by frame/subframe/slot/symbol numbers. 
Proposal 1: Support the reference point of the RSCP can be defined as the antenna phase center of the UE or gNB.
Proposal 2: Support the measurement timing of RSCP can be defined as the measurement timestamp, which can be presented by frame/subframe/slot/symbol numbers.

UE procedures
In RAN1#112 [1], the carrier phase measurements for UE-based and UE-assisted positioning have been discussed and we have the following agreement.
	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


Carrier phase measurements reporting with DL-TDOA
Since the carrier phase positioning is not a standalone positioning method, and has to be utilized jointly with the existing positioning methods, the design of the carrier phase measurement and reporting should consider the current existing reporting structure. For downlink positioning methods, e.g., DL-TDOA, the timing information are reported in a differential way, i.e., the reported RSTD actually indicates the relative time difference of the measuring TRP to the reference TRP. Hence, for UE-assisted LMF-based NR CPP, referring to the current reporting scheme, the carrier phase measurements should also be reported in a differential way, i.e., reporting CPD of the measuring TRP to the reference TRP. In addition, reporting the CPD is able to mitigate he phase offset at the UE side, which is helpful to improve the positioning accuracy.
Proposal 3: For UE-assisted LMF-based NR CPP, support to introduce reference signal carrier phase difference (RSCPD) measurement.
Proposal 4: For NR UE-assisted carrier phase positioning, support a UE to report carrier phase measurements together with RSTD to LMF.

Carrier phase measurements reporting with multi-RTT
For joint carrier phase positioning and multi-RTT positioning, it is not clear whether either or both the downlink carrier phase and uplink carrier phase, i.e., the phase measured at the gNB side based on SRS, are needed to be reported to the LMF.
For carrier phase positioning, to eliminate the initial phase offset at the UE side and TRP side, differentiating operation is necessary. Hence, for the UE side carrier phase reporting, the carrier phase can be reported in the form of RSCPD by choosing a reference TRP. 
One benefit of this kind of reporting is that the phase error propagation can be mitigated by choosing the TRP with the best quality. It is known that the quality of the measurement of the reference TRP could greatly affect the positioning accuracy for the differential based positioning method, i.e., DL-TDOA. By measuring the PRS, the UE could obtain the full channel state information and evaluate which TRP has the best phase estimation quality, which may be different from Rx-Tx timing difference quality. Hence, by reporting the RSCPD with the reference TRP information, LMF could obtain the information of utilizing which TRP as reference TRP for CPP-based positioning.
Proposal 5: For carrier phase measurements reporting together with UE Rx-Tx timing difference, support UE to report RSCPD.

Carrier phase assistant data enhancement
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 6: 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 7:  In addition to the PRU CPP measurement, additional information in the assistance data may include PRU location and AoD of PRU to each TRP.

NG-RAN node procedures
In RAN1#112 [1], the carrier phase measurement for NG-RAN node-assisted positioning and the definition of UL reference signal carrier phase have been discussed and we have the following agreement.
	Agreement
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



For NG-RAN node assisted positioning, a TRP receives the UL SRS for positioning purpose from the UE and obtains the carrier phase measurement. Then the TRP can transfer the carrier phase measurement to LMF. The difference between UE-assisted and NG-RAN node assisted positioning is that TRP may not be able to calculate the differential phase measurement to another TRP, and thus the direct phase measurement reporting should be supported.
Besides, the use of MIMO SRS for carrier phase positioning purpose should also be supported, which is transparent to the UE. For the phase measurement, it should be associated with an SRS port. The Rel-17 framework of associating the RTOA measurement with an SRS port can be reused.
Proposal 8: Phase measurement associated with an SRS port for MIMO SRS is supported.

Carrier phase measurements for multipath
In the TR 38.859, the potential specification impact regarding the multipath mitigation methods for NR carrier phase positioning includes the following contents [3].
	Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
-	Reporting of the carrier phase of the first path
-	At least reporting of the carrier phase of the first path, and optionally, the additional paths.
-	The use of LOS/NLOS indication for the carrier phase measurements.
-	NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
-	Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.



We think the carrier phases of the additional paths are useful for positioning, such as to improve the phase measurement of the first path in a rich multi-path scenario. For example, the multi-path profile reporting including amplitude (RSRPP), ToA, and phase can help the location server to better understand the potential interference from multi-path to the first path on the phase measurement. In some cases, the detected first path may be false alarm, while the phase of actual first path can be provided via the additional path.
Proposal 9: For NR carrier phase positioning, the TRP/UE can report the carrier phase measurements of the first path and the additional paths.

Differential CPP and PRU
In RAN1#112 [1], the PRU issues have been discussed and we have the following agreement.
	Agreement
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Note: Enhancements might or might not have RAN1 specification impact.



Considering that the carrier phase may be subject to clock drift, it is necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU to eliminate phase deviations by double differential method.
For SRS transmission, to ensure that multiple UEs can transmit SRS simultaneously, the gNB can configure the SRS of the target UE close to the SRS of the PRU in time domain. In this way, it can be ensured that two UEs can send SRS in close proximity, e.g. in a same symbol. In order to inform gNB to do this, LMF can send the recommended configuration information of SRS resources to the gNB, indicating the gNB to configure neighboring SRS resources for the target UE and the PRU. 
Proposal 10: For SRS transmission, gNB can configure the SRS of the target UE close to the SRS of the PRU in time domain.
Proposal 11: For SRS transmission, LMF can send the recommended configuration information of SRS resources to indicate the gNB to configure neighboring SRS resources for the target UE and the PRU.
For simultaneous measurement of a DL-PRS of two UEs (including a PRU), in general, we think that the time domain orchestration of PRS measurement is totally up to UE implementation, while RAN4 only sets the overall measurement time requirement. It is not clear within a single measurement gap instance or PPW instance, which positioning frequency layer, which TRP, or which PRS resource UE will measure. Therefore, it is even more difficult to ensure that different UEs to measurement the same DL-PRS simultaneously. Even if RAN1/RAN2 design the signaling to instruct UE to selectively measure a certain set of PRS resources at certain time, it is not clear whether this new measurement procedure would require another set of RRM requirements. RAN4 needs to check this.
Observation 1: It is challenging to perfectly synchronize the measurement orchestration between two UEs for DL-PRS.
Proposal 12: With regards to any new procedures to allow two UEs to measure the same DL-PRS simultaneously, RAN4 may be involved.

[bookmark: _Toc128127621]Carrier phase integer ambiguity resolution
In RAN1#112 [1], the carrier phase integer ambiguity resolution was discussed and we have the following agreement.
	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 1, we think that it 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 when computing the cost function in the single frequency carrier phase method. So multi-frequency carrier phase method is 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.
Besides, diversity gains can be obtained by reporting multiple phase measurements within a carrier and the carrier phase at each frequency can be used separately to get the location of UE by double differential method. 
Proposal 13: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF.
With regards to Option 2, we think that the carrier phase differentials across multiple subcarriers within a PFL/carrier is the same as TOA measurement of the carrier, which loses the absolute phase information as well as the absolute frequency information. The feature can be supported even without any spec change, and thus there is no need to introduce and report the new type of measurement.
[bookmark: _GoBack]Proposal 14: Do not introduce a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier.
With regards to Option 3, for the reporting of the estimated integer ambiguity and/or search range of the integer ambiguity, we think that the information is anyway associated with TOA measurement, and can be covered by ToA quality.
Proposal 15: Do not support a UE/TRP to report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF.
With regards to Option 4, we assume that it requires sufficiently accurate UE initial location to allow LMF to provide any meaningful integer ambiguity search range. As the typical wavelength in C-band is 10cm, and initial UE location error of 1m, which is far more accurate than the case for expected RSTD/AoA/AoD with uncertainty provided in the AD, would result in more than 20 candidate integer ambiguity values. It is questionable how often this AD enhancement is useful.
Proposal 16: Do not support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.

Conclusion
In this contribution, we have the following observation and proposals with regards to the NR carrier phase positioning.
Observation 1: It is challenging to perfectly synchronize the measurement orchestration between two UEs for DL-PRS.
Proposal 1: Support the reference point of the RSCP can be defined as the antenna phase center of the UE or gNB.
Proposal 2: Support the measurement timing of RSCP can be defined as the measurement timestamp, which can be presented by frame/subframe/slot/symbol numbers.
Proposal 3: For UE-assisted LMF-based NR CPP, support to introduce reference signal carrier phase difference (RSCPD) measurement.
Proposal 4: For NR UE-assisted carrier phase positioning, support a UE to report carrier phase measurements together with RSTD to LMF.
Proposal 5: For carrier phase measurements reporting together with UE Rx-Tx timing difference, support UE to report RSCPD.
Proposal 6: For UE-based carrier phase positioning, the PRU CPP measurement can be provided to the UE in the assistance data.
Proposal 7:  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 8: Phase measurement associated with an SRS port for MIMO SRS is supported.
Proposal 9: For NR carrier phase positioning, the TRP/UE can report the carrier phase measurements of the first path and the additional paths.
Proposal 10: For SRS transmission, gNB can configure the SRS of the target UE close to the SRS of the PRU in time domain.
Proposal 11: For SRS transmission, LMF can send the recommended configuration information of SRS resources to indicate the gNB to configure neighboring SRS resources for the target UE and the PRU.
Proposal 12: With regards to any new procedures to allow two UEs to measure the same DL-PRS simultaneously, RAN4 may be involved.
Proposal 13: Support a UE/TRP to report the carrier phase measurements of more than one frequency within a PFL/carrier to LMF.
Proposal 14: Do not introduce a new type of UE/TRP measurement based on carrier phase differentials across multiple subcarriers within a PFL/carrier.
Proposal 15: Do not support a UE/TRP to report an estimated integer ambiguity and/or search range of the integer ambiguity to LMF.
Proposal 16: Do not support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
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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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