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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on expanded and improved NR positioning [1] includes the following RAN1-centric objective of specifying NR DL and UL carrier phase positioning. 
	· 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 will discuss the issues related with DL and UL carrier phase positioning.
2. Carrier Phase Positioning 
The issue of integer ambiguity was discussed and it was agreed to consider a few options:
	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 our view, integer ambiguity is a critical key issue for carrier phase measurement and we shall support enhancement to resolve it. Using carrier phase measurement of multiple carrier frequencies could resolve the issue of integer ambiguity. To reduce the computational complexity of finding the optimal integer values that minimize the cost function, we can combine a legacy positioning method with carrier phase measurement. The legacy positioning method can be first use to estimate the location of UEs, which can be used to determine the range of possible integer values of  , and then an exhaustive search on the determined range of possible values of   to find the optimal values that minimize the cost function.
The method can be summarized as the following steps:
Step 1: the UE measure and reports positioning measurement for legacy timing-based or angle-based method, e.g., DL RSTD, or PRS RSRP or UE Rx-Tx time difference.
Step 2: the UE measures the carrier phase on multiple REs of DL PRS resource. On the REs , the UE measures the carrier phase measurement: . Assume the carrier frequency on RE #0 is  and the subcarrier spacing is . Then for one TRP, the carrier phase measurements have the following equations:


…


 Step 3: the LMF can first estimate the UE location based on the legacy time-based or angle-based positioning method. 
Step 4: According to the UE location estimation in Step 3, the LMF can estimate the integer wavelength corresponding to each frequency .
Step 5: The LMF can estimate the  by minimizing the following cost functions over the value range of :


Simulation was conducted to evaluate the performance of this method. Integer ambiguity = 3 is assumed in the simulation and the proposed method is used to find the optimal value of . Carrier phase measurements of 5 REs with frequency spacing = 25MHz are measured by the UE. The error in estimated distance between TRP and UE is used to evaluate the performance, which is illustrated in Figure 5. We can observe that the proposed method can resolve the issue of integer ambiguity. 


[image: ]
Figure 1: Performance of minimizing integer ambiguity in carrier phase measurement 
Particularly, regarding the options listed in previous agreement:
· Regarding Option 1: in our view, it shall be supported for resolving the integer ambiguity issue. As being analyzed above, the system can utilize the carrier phase measurement from multiple subcarriers of different frequency domain location to solve the integer ambiguity.
· Regarding Option 2: The carrier phase differential between different subcarriers can minimize the negative impact of phase variation caused the gNB transmission chain and UE reception chain. Utilizing multiple carrier phase differentials can also resolve the issue of integer ambiguity, as the option 1. Therefore, we also prefer to support Option 2.
· Regarding Option 3:it is not feasible for a UE to estimate the range of integer ambiguity based on DL measurement. Furthermore, without Option 1 or Option 2, reporting one estimated range of integer ambiguity to the LMF seems not useful. On the other hand, if Option 1 or Option 2 are supported, supporting Option 3 is not necessary.
· Regarding Option 4: providing expected range of integer ambiguity to a UE can assist the UE to estimate location based on carrier phase measurement.
To summarize, in our view, Option 1, 2 and 4 are feasible for resolving the integer ambiguity issue. The functions provided by Option 1 and Option 2 have some overlapping and thus it is not desired to support both. Among these two, Option 1 is preferred by a little more than Option 2. The reason is the equivalent wavelength corresponding to the differential carrier phase in Option 2 would be large, and thus the estimate of positioning might have larger error.
[bookmark: _Hlk134733392]Proposal 1: For the issue of integer ambiguity, support Option 1 and Option 4.
The definition of DL carrier phase measurement and carrier phase difference were dicussed:
	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 per path carrier phase difference shall be supported. In the positioning measurement reporting for DL-TDOA, the UE reports the RSRP and relative time-of-arrival of a few additional path. For each of those additional paths, the UE can also report per path carrier phase difference, which can be calculated with reference to the carrier phase of the first path.  In the reporting of UE Rx-Tx time difference for multi-RTT positioning, the UE also reports the RSRP and relative time-of-arrival of a few additional path. For each of those additional paths, the UE can report the per path carrier phase difference, which can also be calculated with reference to the carrier phase of the corresponding first path.
[bookmark: _Hlk131432764]Proposal 2: Define per path RSCPD and the UE reports the per path RSCPD of each additional path with reference to the first path in the additional path reporting of DL TDOA and multi-RTT.
The UL carrier phase measurement also have the issue if integer ambiguity. The carrier phase measured in SRS for positioning can be:

where   is ambiguity integer wavelength and   is the measurement error.  With that, the distance between TRP and UE can be estimated as: 

To resolve the issue, the TRP can measure and report the carrier phase measurement of multiple frequency points of SRS for positioning and the TRP can also measure and report the positioning measurement of legacy UL positioning methods, e.g., UL RTOA or UL-AoA measurement. The LMF can the use the legacy timing-based or angle-based method to obtain the coarse estimation of value N and then find the optimal value of N through exhaustive searching on the estimated range of N.
With that, the UL method can be summarized as the following steps:
Step 1: the TRP measure and reports positioning measurement of legacy positioning method, UL RTOA, or UL AoA or gNB Rx-Tx time difference.
Step 2: the TRP measures the carrier phase on multiple REs of SRS resource for positioning. On the REs , the TRP measures the carrier phase measurement: . Assume the carrier frequency on RE #0 is  and the subcarrier spacing is . Then for one UE, the carrier phase measurements have the following equations:


…


 Step 3: the LMF can first estimate the UE location based on the legacy positioning method. 
Step 4: According to the UE location estimation in Step 3, the LMF can estimate the integer wavelength corresponding to each frequency .
Step 5: The LMF can estimate the  by minimizing the following cost functions over the value range of :


[bookmark: _Hlk134733403][bookmark: _Hlk118404580]Proposal 3: The TRP reports the UL carrier phase measurement of multiple different REs in SRS resource for positioning.
For the definition of reference point of the UE/TRP carrier phase measurement, two Options were discussed for down-selection: 
	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 our view, Option 1 shall be supported.  One reason is that the carrier phase measurement is reported together with RSTD measurement or UE Rx-Tx time difference measurement in DL measurement reporting and in UL positioning measurement reporting, carrier phase measurement is also reported along with existing positioning measurement, therefore, the same reference point shall be applied to the carrier phase measurement to align the measurements. 
[bookmark: _Hlk134733408]Proposal 4: Support Option 1 for the definition of reference point of the UE/TRP carrier phase measurement.
	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.


Regarding the timestamp for a carrier phase measurement, there is no clear motivation to change the definition of timestamp for RSCP or RSCPD measurement. The NR-TimeStamp defined in current 37.355 defines the timestamp with a granularity of a slot. That is sufficient for carrier phase measurement. A correct carrier phase measurement would not depend on the symbol location within one slot. Thus, the proposal in Option 2 to introduce additional OFDM symbol index seems not necessary.
[bookmark: _Hlk134733412]Proposal 5: Support Option 1 for the timestamp associated with a reported RSCP/RSCPD measurement.
	[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.


On the impact of phase delays on RF chain, the Option 1a does not work since it is not feasible for the UE or TRP to group RF chains into a so-called phase error group based on the range of phase error. Option 1b would require the UE or TRP to expose the particular hardware implementation. The hardware antenna ID or RF chain shall not be included in the specification. We also see Option 1c has some issues. The ARP is mainly for the geographical coordination of the antenna reference point. Same ARP means same physical location. Furthermore, there is no ARP for UE and the mobility and rotation of UE would result in that it is not feasible to define ARP for a UE. 
Regarding the Option 2: using a smaller margin value on the existing UE/TRP Tx/Rx TEGs seems to have small impact on specification. However, it is not clear what margin value shall be used to address the phase delays because the initial motivation of TEGs is for time delay, not phase delays. That can be studied by RAN4. In summary, the issue of phase delays shall be first discussed in RAN4.
[bookmark: _Hlk134733417]Proposal 6: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.
3. Conclusions
In this contribution, we present our views on carrier phase positioning and the following proposals are made:
 Proposal 1: For the issue of integer ambiguity, support Option 1 and Option 4.
Proposal 2: Define per path RSCPD and the UE reports the per path RSCPD of each additional path with reference to the first path in the additional path reporting of DL TDOA and multi-RTT.
Proposal 3: The TRP reports the UL carrier phase measurement of multiple different REs in SRS resource for positioning.
Proposal 4: Support Option 1 for the definition of reference point of the UE/TRP carrier phase measurement.
Proposal 5: Support Option 1 for the timestamp associated with a reported RSCP/RSCPD measurement.
Proposal 6: Support Option 3 to address the impact of the phase delays on Tx/Rx RF chains.
4. Reference
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