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1. Introduction
In RAN #98 e-meeting, carrier phase positioning has been captured in NR_pos_enh2 [1]. In this contribution, we present our views on the issue.
	· 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].


2. Carrier phase measurement reporting with legacy positioning measurement
	Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements
Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
1. DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
0. FFS: The detailed definition of the DL CP
1. DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
1. FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
1. UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
2. FFS: The detailed definition of the UL CP


[bookmark: _Hlk115371391]We support the carrier phase measurement reporting with the legacy positioning method only. Conversely, if independent carrier phase reporting is possible, there is no need to support joint reporting. Considering joint reporting is supported, there is no benefit to introducing a standalone carrier phase positioning. 
Proposal 1: [bookmark: _Hlk131694878]
· No standalone carrier phase positioning is introduced in Rel-18 positioning.
The remaining controversial issue is whether to support reporting the carrier phase together with UE Rx-Tx time difference measurement, the potential issue is: 
· whether DL CP is supported or not
· whether Rx-Tx carrier phase measurement is expected to be introduced to report  the Rx-Tx carrier phase with UE Rx-Tx time difference measurement
For us, we can accept the introduction of both CP and CPD, the CPD is reported together with RSTD measurement, and CP is reported together with UE Rx-Tx time difference measurement. But we are not inclined to introduce Rx-Tx carrier phase measurement in Rel-18 considering the inconsistency phase drift of Rx and Tx sides.
So, we propose
Proposal 2: [bookmark: _Hlk131694887]
· To enable UE-based and UE-assisted NR carrier phase positioning (CPP), 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.
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
Proposal 3: [bookmark: _Hlk131694893]
· Enable a UE to report DL CPD  together with the RSTD measurement if CPD is supported
· Enable a UE to report DL CP  together with the UE Rx-Tx time difference measurement if CP is supported
· Note: Rx-Tx carrier phase measurement is not pursued in Rel-18
· Enable a TRP to report UL CP  together with the RTOA measurement and TRP Rx-Tx time difference measurement
[bookmark: OLE_LINK7]In addition, double-difference has been suggested for carrier phase measurement if PRU is supported. For us, we think the double-difference carrier phase measurement can be realized by the implementation. For example, the gNB can report the carrier phase measurement of UE and PRU, and LMF can calculate double-difference carrier phase measurement by the implementation. So, for carrier phase measurement reporting, explicit double difference carrier phase measurement may not be needed.
Proposal 4: [bookmark: _Hlk127376045]
· For carrier phase measurement reporting, explicit double difference carrier phase measurement is not needed.
3. The definition of CPD
	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


If the CPD is agreed, the corresponding definition should be introduced. In this section, the definition is proposed as follows
Proposal 5: [bookmark: _Hlk131694914]
· NR DL reference signal carrier phase (RSCPD) (of i-th path) is the DL relative phase difference between the Transmission Point (TP) j and the reference TP k, defined as CPj – CPk,
· Where:
·  CPj is 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 from TP j. 
· CPk is 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 from TP k. 
· CPj ,  CPk are associated with the same RF frequency.
4. Simultaneous measurement
	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.


In the last meeting, we agree to continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling is necessary to support simultaneous measurements. In this section, we provide our view on the section.
4.1 DL simultaneous measurement
In Rel-17, multiple instances of reporting and scheduled location time are agreed to introduce for the related issue.
	Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window

Agreement
· Support up to 32 measurement instances in a single measurement report.
· Inform RAN2/RAN3 on RAN1’s decision


That is, the simultaneous measurement may be impacted by the following based on Figure 1.
Issue 1: The different start measurement times between UE and PRU measurement
Issue 2: The different start measurement instances and the number of measurement instances within a reporting periodicity between UE and PRU measurement


Figure 1: the misalignment of measurement instance of PRU and UE 1
Based on the above analysis, with different start times or start instances, the multiple UE may perform the measurement at different times even if MR periodicity is the same.
	Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
Any requirements can be discussed by RAN4 after decision on the options is made.


To address the above issue, MTW is discussed in RAN1 in Rel-17. The UE and PRU can be configured with the same or related MTW to perform measurements within the MTW. In addition, to guarantee simultaneous measurement between UE and PRU, the relationship between the MTWs of UE and PRU should be clarified, such as 
· MTW length of UE should be within MTW length of PRU 
· MTW periodicity of UE should be larger or equal to PRU periodicity.


Figure 2: MTW of PRU and UE 1
Therefore, with the MTW,  the periodicity measurement can be performed simultaneously for multiple UEs. 
Proposal 6: [bookmark: _Hlk131695064]
· An MTW  can be configured to UE, the parameters of an MTW can include
· The MTW length 
· The start time and periodicity of MTW
Proposal 7: 
· For target UE, the MTW length should be within the MTW length of PRU measurement, the UE_MTW  periodicity can be multiple of UE_MTW periodicity
· [bookmark: OLE_LINK1]E.g., UE_MTW periodicity=N* PRU_MTW periodicity
Proposal 8: 
· For PRU, the MTW should be configured  based on multiple UE requirements, for example, the PRU_MTW  periodicity can be the greatest common divisor of UE_MTW periodicity
· E.g.,PRU_MTW periodicity= GCD(UE1_MTW periodicity , UE2_MTW periodicity, …,UE N_MTW periodicity)
For one shot measurement, it still has a risk the selected MTW instance of multiple UEs is different if the reception location information request time is different for multiple UEs. In this case, the potential enhancement may be provided the same scheduled location time to multiple UEs and request UEs to report the measurement instance within the nearest MTW instance after the scheduled location time. So, we propose
Proposal 9: [bookmark: _Hlk131695072]
· For one shot measurement report,  adding an indication together with the scheduled location time to indicate the UE needs to report the measurement instance within the nearest MTW instance after the scheduled location time. 
[bookmark: _GoBack]4.2 UL simultaneous transmission and measurement
From UE side, based on the network configuration, the multiple UEs can transmit the SRS simultaneously without enhancement. That means if the serving cell is requested by LMF to configure the SRS simultaneously for multiple UEs, the serving cell can satisfy the request by an implementation.
In this case, the potential enhancement for UL simultaneous transmission and measurement is NRPPa enhancement. It may include:
Enhancement 1: adding PRU identity to request the SRS configuration/activation at the same time as PRU for target UE
Enhancement 2:introduce MTW to align the measurement window of gNBs for multiple UEs.
Therefore, we propose
Proposal 10: [bookmark: _Hlk131695129]
· From UE side, the multiple UEs can transmit the SRS simultaneously without RAN enhancement
· The potential enhancement for UL simultaneous transmission and measurement is NRPPa enhancement. It may include
· adding PRU identity in requested SRS transmission characteristics to request the SRS configuration simultaneously for target UE and the PRU
· introduce MTW to align the measurement window of gNBs for multiple UEs
5. Other enhancement
	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 and option 2, option 2 can be calculated by option 1. So, anyway, we don’t need to support both.
Besides, for option 1, based on the definition of RSCP in the last meeting, the RSCP is defined as the phase of the channel response. In this case, the phase accuracy will be degraded with a small sub-band CIR. So, for the issue, more information and benefit should be provided by supporters on how to improve performance with large phase errors.
For option 3 and option 4 based on the study of SID, the search range of the integer cycle ambiguity has a great influence on positioning accuracy and complexity. In this case, providing a reasonable range of integer cycles may be helpful for carrier phase positioning if the LMF or UE can.
So, we propose:
Proposal 11: [bookmark: _Hlk127376064]
· At least option 4 can be supported.
· Option 4: Support LMF to provide the expected integer ambiguity range at least for UE-based NR CPP in the positioning assistance data.
6. Conclusion
In this contribution, we discuss potential enhancement for carrier phase positioning with the following proposals.
Proposal 1: 
· No standalone carrier phase positioning is introduced in Rel-18 positioning.
Proposal 2: 
· To enable UE-based and UE-assisted NR carrier phase positioning (CPP), 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.
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
Proposal 3: 
· Enable a UE to report DL CPD  together with the RSTD measurement if CPD is supported
· Enable a UE to report DL CP  together with the UE Rx-Tx time difference measurement if CP is supported
· Note: Rx-Tx carrier phase measurement is not pursued in Rel-18
· Enable a TRP to report UL CP  together with the RTOA measurement and TRP Rx-Tx time difference measurement
Proposal 4: 
· For carrier phase measurement reporting, explicit double difference carrier phase measurement is not needed.
Proposal 5: 
· NR DL reference signal carrier phase (RSCPD) (of i-th path) is the DL relative phase difference between the Transmission Point (TP) j and the reference TP k, defined as CPj – CPk,
· Where:
·  CPj is 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 from TP j. 
· CPk is 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 from TP k. 
· CPj ,  CPk are associated with the same RF frequency.
Proposal 6: 
· An MTW  can be configured to UE, the parameters of an MTW can include
· The MTW length 
· The start time and periodicity of MTW
Proposal 7: 
· For target UE, the MTW length should be within the MTW length of PRU measurement, for example, the UE_MTW  periodicity can be multiple of UE_MTW periodicity
· E.g., UE_MTW periodicity=N* PRU_MTW periodicity
Proposal 8: 
· For PRU, the MTW should be configured  based on multiple UE requirements, for example, the PRU_MTW  periodicity can be the greatest common divisor of UE_MTW periodicity
· E.g.,PRU_MTW periodicity= GCD(UE1_MTW periodicity , UE2_MTW periodicity, …,UE N_MTW periodicity)
Proposal 9: 
· For one shot measurement report,  adding an indication together with the scheduled location time to indicate the UE needs to report the measurement instance within the nearest MTW instance after the scheduled location time. 
Proposal 10: 
· From UE side, the multiple UEs can transmit the SRS simultaneously without RAN enhancement
· The potential enhancement for UL simultaneous transmission and measurement is NRPPa enhancement. It may include
· adding PRU identity in requested SRS transmission characteristics to request the SRS configuration simultaneously for target UE and the PRU
· introduce MTW to align the measurement window of gNBs for multiple UEs
Proposal 11: 
· At least option 4 can be supported.
· Option 4: 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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