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1 Introduction
In last meeting, RAN4 has discussed RRM requirements of carrier phase positioning with conclusions captured in [1]. RAN1#113 meeting has also further discussed the work item and the agreements were captured in [2]. In this paper, we further discuss the potential RRM requirements for carrier phase positioning based on RAN1 progress and give our proposals. 
2 Discussion
In last meeting, RAN4 discussed the measurement period requirements for DL RSCDP and RSCP but with no conclusions due to the possible impact by RAN1 agreements on the indicated time window. 
In RAN1#113 meeting, RAN1 further discussed and confirmed the mechanism for indicated time window and indicated DL PRS resource sets occurring in the widow. 
	Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· [bookmark: OLE_LINK41]Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets 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.

Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows


Based on RAN1 agreements LMF can request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets occurring within indicated time window(s). We understand this doesn’t mandate the CP measurement to be performed based on the configured time window. Instead the measurement is still based on DL PRS resource sets but with the subset of the configured PRS resources indicated by network. So the measurement period requirement is not necessary to be defined based on the indicated time window. 
Based on the understanding above, when DL RSCP measurement is reported together with UE Rx-Tx measurement, the measurement period requirements for DL RSCP should be the same as that for UE Rx-Tx time difference, i.e. the existing measurement requirements for UE Rx-Tx time difference can be reused. 
It was agreed in previous RAN1 meeting that the DL RSCPD and RSTD measurement are based on the same reference TRP and same PFL. The same conclusion as DL RSCP measurement can be used for DL RSCPD measurement. 
When CPP measurement is configured to be reported together with legacy measurements, typically the PRS resource configuration should be the same and for certain resources, the CPP measurement and legacy measurement should be performed together. In such case, the impact of mobility and impact of the other signals/channels should be same as legacy. 
Proposal 1: When DL RSCP is reported together with UE Rx–Tx time difference measurement, the same measurement period requirements apply. And the existing UE Rx-Tx time difference measurement requirements with gap and the measurement requirements in RRC_INACTIVE can be used. 
Proposal 2: When DL RSCPD is reported together with RSTD measurement, he same measurement period requirements apply. And the existing RSTD measurement requirements with gap and the measurement requirements in RRC_INACTIVE can be used. 
Proposal 3: The mobility impact in RRC_CONNECTED and the collision handling in RRC_INACTIVE state in Rel-17 can also be reused. 
Proposal 4: When RSCP or RSCPD is reported together with legacy measurements, the same measurement reporting delay requirements apply. 
For the report mapping of DL RSCP/RSCPD, it was agreed in last meeting that the reporting range for DL RSCPD is [0, 360) degrees. For DL RSCPD, it is defined as the difference between two RSCP, and the range should be [-360, 360]. But considering the characteristic of carrier phase, the difference can be reflected in the integer part when the phase is larger than 360 degrees. So the total range of DL RSCPD is not necessary to be larger than 360 degrees, and we think the reporting range can be [-180, 180) degrees. 
For the granularity, although the accuracy for different SCS is a little different, considering the total signalling overhead for phase reporting is limited, we think a fixed granularity can be used and the value for AOA/ZOA reporting can be reused. 
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 5: The reporting range of DL RSCDP is [-180, 180) degrees. 
Proposal 6: The fixed granularity 0.1 degree can be used for DL RSCPD/RSCP reporting. 
For the side condition of CPP measurement, based on our initial simulation results in Annex A, the accuracy when reusing the Rel-17 side condition is not very satisfactory. We think the side condition can be discussed after more simulations are performed and the higher side condition with 4 samples can also be considered. 
3 Summary
In this paper, we discuss the RRM aspects on carrier phase positioning and the following proposals are given: 
Proposal 1: When DL RSCP is reported together with UE Rx–Tx time difference measurement, the same measurement period requirements apply. And the existing UE Rx-Tx time difference measurement requirements with gap and the measurement requirements in RRC_INACTIVE can be used. 
Proposal 2: When DL RSCPD is reported together with RSTD measurement, he same measurement period requirements apply. And the existing RSTD measurement requirements with gap and the measurement requirements in RRC_INACTIVE can be used. 
Proposal 3: The mobility impact in RRC_CONNECTED and the collision handling in RRC_INACTIVE state in Rel-17 can also be reused. 
Proposal 4: When RSCP or RSCPD is reported together with legacy measurements, the same measurement reporting delay requirements apply. 
Proposal 5: The reporting range of DL RSCDP is [-180, 180) degrees. 
Proposal 6: The fixed granularity 0.1 degree can be used for DL RSCPD/RSCP reporting. 
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Annex A Simulation results for CPP measurement
The simulation assumption and performance metrics are based on R4-2310078 [4]. 
Simulation results
In this section, RSCPD measurement errors for the 2 neighbour cells are provided in tables below. The results are the difference between measured carrier phase and ideal carrier phase, where the range of the results is (-180, 180] degrees.
DL RSCPD simulation results
Table 1. Measurement errors of DL RSCPD in AWGN（degrees）
	SINRs [dB]
	<-6,-13,-13> (Nsample = 4)
	<-3,-6,-6> (Nsample = 1)

	x-tile
	5%
	95%
	5%
	95%

	SCS
	15kHz
	30kHz
	15kHz
	30kHz
	15kHz
	30kHz
	15kHz
	30kHz

	BW
	10M
	20M
	20M
	10M
	20M
	20M
	10M
	20M
	20M
	10M
	20M
	20M

	FR1
	Cell2
	-36.28
	-25.92
	-56.75
	40.22
	24.57
	62.14
	-68.32
	-53.14
	-118.97
	69.6
	50.91
	120.58

	
	Cell3
	-34.75
	-32.51
	-46.96
	33.42
	26.5
	57.82
	-63.3
	-53.67
	-98.73
	68.98
	51.16
	107.01

	SCS
	60kHz
	120kHz
	60kHz
	120kHz
	60kHz
	120kHz
	60kHz
	120kHz

	BW
	50M
	100M
	100M
	50M
	100M
	100M
	50M
	100M
	100M
	50M
	100M
	100M

	FR2
	Cell2
	-35.68
	-34.64
	-38.49
	31.74
	30.55
	33.14
	-62.78
	-65.29
	-66.18
	68.03
	65.51
	66.93

	
	Cell3
	-35.74
	-37.16
	-35.08
	30.29
	32.12
	34.86
	-66.3
	-70.26
	-67.57
	62.26
	62.77
	61.45



Annex B RAN1 agreements on CPP
RAN1#113 meeting: 
Agreement
Support the following definition of the reference point of the UE/TRP carrier phase measurements: 
· The reference point of the UE carrier phase measurements is defined the same as the reference point of RSTD for both 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 both 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 measurement reporting.

Agreement
Adopt the following modifications on the agreements made in RAN1#112bis-e:
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 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  UL SRS resources from the UE within indicated time window(s).
· Note: this may be a different indicated time window

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 resource sets 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.

Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.

Agreement
If a UE reports RSCPD measurements together with RSTD measurements in a measurement report element, the reference TRP for RSCPD is the same as the reference TRP reported for RSTD.
· The target and the reference TRP are in the same PFL

Agreement
From RAN1’s perspective, carrier phase positioning for UE in RRC_IDLE state is supported for UE-based and UE-assisted positioning in Rel-18.
· Note: No additional specification work is expected specifically related to carrier phase positioning for UE in RRC_IDLE state in RAN1.

Conclusion
From RAN1’s perspective, carrier phase positioning for UE in RRC_CONNECTED state without measurement gap is not supported in Rel-18.

Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Agreement
To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows
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