[bookmark: OLE_LINK23][bookmark: _Ref494215420]3GPP TSG RAN WG1 #113		                R1-2304565
Incheon, Korea, May 22nd – May 26th, 2023
Source:               Spreadtrum Communications
Title:                   Discussion on NR DL and UL carrier phase positioning
Agenda Item:     9.5.2
Document for:   Discussion and Decision
Introduction
The work item for NR DL and UL carrier phase positioning was approved in RAN#98e [1] to improve positioning accuracy, and some objectives are as follows:
	· 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 the RAN1#112 meeting, some agreements on assumptions to evaluate the carrier phase positioning and observations were achieved [2]. In this contribution, we provide our views on the carrier phase positioning from RAN1 perspective.
Impact of NR CPP on specification
In this section, the impact of NR CPP on specification will be discussed.
NR carrier phase measurements
For NR carrier phase positioning, DL and UL carrier phase measurements will subsequently be considered in accordance with the conclusions agreed at the latest RAN1#111 meeting. For DL carrier phase positioning, there are currently two candidates will be considered. First one is the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP, and the second one is the carrier phase measured from the DL PRS signal(s) of a TRP. 
For the first option, although UE only needs to report a difference value, the information available to the network side will be correspondingly less. For example, when UE measures PRS signal(s) from the target TRP and the reference TRP, the two links may have different error values. When only the difference between the two carrier phase measurements is reported, the network side can only make compensation according to the difference. Once an error occurs when UE receives, it is difficult for the network side to find the problem only from the difference value. For the second option, although the overhead is higher than that of the first option, more information can be obtained by gNB, which will help the gNB to find the error generated by the UE side. Therefore, two methods of reporting carrier phase should be supported.
Thus, in RAN1#112bis-e meeting, the following agreement was made on the NR carrier phase measurements. 
	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.


[bookmark: _Hlk126853119]Different from GNSS carrier phase positioning, existing positioning technologies such as RSTD and TDOA can be used for NR carrier phase positioning to obtain integer parts. Therefore, we can stick with the existing framework. Therefore, do not support standalone DL RSCP and/or DL RSCPD reporting.
Proposal 1: Do not support standalone DL RSCP and/or DL RSCPD reporting.
For integer ambiguity resolution, some agreements were reached in RAN1#112 meeting.
	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.


According to the principle of carrier phase positioning, the final distance between TRP and UE will be composed of integer and fractional parts. The value of the fractional part can only reach one wavelength at most, so the accuracy of the final positioning result greatly depends on the determination of the integer part. In order to get the final integer part, UE or LMF needs to search integer value N to get the optimal solution. In order to obtain accurate results, large search range of integer values N will be considered. However, in this case, huge complexity is brought to UE or LMF. If we can obtain a limited search range with a correct N value in based on previous measurements, it will greatly reduce complexity while maintaining accuracy.
[bookmark: _Hlk131427916]Based on the above analysis, to reduce UE complexity, LMF can provide a search range or some alternative values for UE-based/assisted positioning. Similarly, for UE-assisted positioning, the UE can report a recommended search range or some alternative values to TRP or LMF. Hence, we have the following proposal.
[bookmark: _Ref12793]Proposal 2: The range or some alternative values of integer N should be provided/reported for carrier phase positioning.
Reference point of carrier phase measurements
In RAN1#112, the reference point of the carrier phase measurements was discussed without a final conclusion. In 112bis meeting, this issue was further discussed and the following conclusions was reached.
	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


From the present point of view, the carrier phase tends to be reported together with other existing measurements, then the configuration of the existing measurements should be used as much as possible, so the reference points should also be the same as the existing timing measurements. Therefore, option 1 should be supported.
Proposal 3: For the reference point of the UE/TRP carrier phase measurements, support option 1.
Timing information of carrier phase measurements
The issue of whether/how the measurement timing is defined was discussed in RAN1#112bis-e, 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.


In general, the carrier phase measurement result is reported together with other measurement results. Thus, the current timestamp in TS 37.355 should be supported and reused for carrier phase measurement. 
Proposal 4: support option 1 as the timestamp associated with a reported RSCP/RSCPD measurement.
Phase error group
Given the different Tx-Rx links between UE and TRP, this can cause RF signals transmitted and/or received through different RF chains to experience different phase delays. To solve the impact of the phase delays, one agreement was reached in last meeting.
	[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 Rel-17, RAN1 has introduced the Timing Error Group to address the group delays for timing measurements. Since the timing delays are caused by different RF chains, the definition of Rel-17 TEG can be further enhanced to include phase errors as well. 
Therefore, option 2 should be supported for phase delays on Tx/Rx RF chains.
Proposal 5: Support option 2 for phase delays on Tx/Rx RF chains.
Multipath mitigation methods for the carrier phase positioning
In RAN1#111 and RAN#1 112 meeting, the following agreements were made on NR carrier phase positioning (CPP). 
	[bookmark: _Hlk134715042]Agreement
Capture the following TP into TR 38.859 as a conclusion:
· 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.
· [bookmark: _Hlk127549975]Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.
Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.



The calculation of positioning system mainly depends on the first path signals measurement, carrier phase positioning is no exception. Therefore, it is important to identify and separate the first path from the others.
Optionally reporting the carrier phase of additional paths will also help improve positioning performance. Since the main purpose of this chapter is to further improve positioning accuracy, additional path reports should also be considered.
[bookmark: P2]Proposal 6: For carrier phase positioning, both carrier phases of the first path and the additional paths can be reported.
For reporting other channel information, such as RSRP/RSRPP are also used to enhance positioning techniques in Rel-17. Thus, they can be further introduced into carrier phase positioning. 
[bookmark: P4]Proposal 7: For multipath mitigation, support the reporting of other existing channel information together with carrier phase positioning.
Physical Layer Procedures 
In RAN1#111 meeting, the reference signals used for NR carrier phase measurements have been discussed. The agreement was reached as follows.
	[bookmark: _Hlk126856733]Agreement
Capture the following TP into TR 38.859 as a conclusion (Section 6.3.3)
Regarding the reference signals for NR carrier phase positioning:
· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.
· Note: The use of SRS MIMO for NR carrier phase positioning is transparent for UE


Based on the agreement of reusing existing Rel-16 PRS and SRS for NR carrier phase positioning, and based on the analysis of reported measurements in Section 2.1, NR carrier phase measurements can be requested, measured and reported together with the existing positioning measurements. Thus, existing physical layer procedures can be re-used and enhanced for supporting the NR carrier phase positioning at least for basic carrier phase positioning method (e.g., differential carrier phase positioning), including the measurement configuration, measurement request and measurement report with potential enhancements of the message content (e.g., the configuration related to the NR carrier phase positioning). 
In RAN1#112bis-e meeting, the relevant agreement was reached.
	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


One question is whether the measurement gap needs to be configured when UE in RRC_CONNECTED state, because based on the above agreement, we will continue to use the existing physical layer procedures, so we should keep the existing configuration as much as possible. At present, when UE wants to measure PRS configured in active BWP, it needs to measure in PRS Processing Window (PPW). When UE wants to measure PRS outside active BWP or PRS inside active BWP with different subcarrier intervals from active BWP, the measurement gap should be configured. Thus, both UE in RRC_CONNECTED state with and without measurement gap should be supported.
Proposal 8: Both UE in RRC_CONNECTED state with and without measurement gap should be supported.
Conclusion 
In this contribution, we provided our opinions on representative sub use cases and potential specification impact on AI/ML for beam management. The following proposals have been achieved:
Proposal 1: Do not support standalone DL RSCP and/or DL RSCPD reporting.
Proposal 2: The range or some alternative values of integer N should be provided/reported for carrier phase positioning.
Proposal 3: For the reference point of the UE/TRP carrier phase measurements, support option 1.
Proposal 4: Support option 1 as the timestamp associated with a reported RSCP/RSCPD measurement.
Proposal 5: Support option 2 for phase delays on Tx/Rx RF chains.
Proposal 6: For carrier phase positioning, both carrier phases of the first path and the additional paths can be reported.
Proposal 7: For multipath mitigation, support the reporting of other existing channel information together with carrier phase positioning.
Proposal 8: Both UE in RRC_CONNECTED state with and without measurement gap should be supported.
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