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Introduction
In this contribution Ericsson view on the performance requirements for carrier phase measurement-based positioning is presented. In the chapter to follow, issues related to side conditions and test cases for carrier phase measurement for positioning are discussed in detail.
Discussion
Side condition and PRS BW
In the last meeting, the following agreements were reached on carrier phase measurement reporting requirements. One of the open issues is the side conditions applicable for carrier phase measurements.

Agreements [1]:
· RAN4 to adjust the measurement reporting requirements for CPP such that up to 2 RSCPD/DL RSCP measurements in case of reduced latency (case 1) and else up to 4 RSCPD/DL RSCP measurements (case 2) are reported along with 1 RSTD/UE Rx-Tx time difference measurement to LMF.
· FFS: Side conditions for each case
· Number of samples: 1 for accuracy requirements, upon configuration for measurement period requirements.

RAN4#109 discussed the side condition for DL-RSCPD measurement if the RSTD measurement is done with reduced number of samples. The agreement is copied below for reference. Based on the observation 1, what remains to be defined is the side condition for carrier phase measurement when the legacy measurement is based on 4 sample. 

Agreements from RAN4#109 [2]:
· Define DL RSCPD measurement accuracy requirements for side condition [-3, -6] dB if RSTD measurement is done with reduced number of samples. 
· FFS: Define DL RSCPD measurement accuracy requirements for side condition [-6, -13] dB if RSTD measurement is done over 4 samples.

From the signalling point of view, a UE can be configured by the network to perform reduced number of sample based RSTD/UE Rx-Tx measurements when the UE is also configured to perform carrier phase measurement. For legacy measurements, when the network configures the UE to perform reduced number of sample based RSTD/UE Rx-Tx measurement then the UE is expected to meet the corresponding accuracy requirement defined for PRS BW ≥ 48 PRBs in AWGN propagation condition under the higher side condition (side condition for reduced number of samples measurements is higher than the side condition for which the requirement is defined for 4 sample measurement). In the case when the network does not request UE to perform reduced number of sample based RSTD/UE Rx-Tx measurement then the UE is expected to meet the corresponding accuracy requirement that is defined for PRS BW as small as 24 PRBs. Since carrier phase measurement is not a standalone measurement and is only reported by UEs together with the legacy measurements, the requirements for carrier phase measurements should therefore be aligned with the legacy measurements, at least in terms of the side condition and the PRS BW. Both issues are being discussed in RAN4 since last couple of meetings and no consensus has been reached.

Observation 1: Accuracy requirements for legacy measurements are defined for different side conditions for measurements based on 4 sample and measurements based on reduced number of samples. 
· For reduced number of samples case, accuracy requirements are only defined for PRS BW ≥ 48 PRBs to be met under the AWGN propagation condition. 
· For 4 sample measurements, accuracy requirements for legacy positioning measurements are defined for PRS BW < 48 PRBs also. The requirements in this case are defined for both AWGN and fading channel models.

Proposal 1: Define DL RSCPD measurement accuracy requirements for the side condition (-6, -13) dB.

Proposal 2: Accuracy requirements for RSCPD and RSCP measurements in FR1 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	15
	≥ 24

	
	≥ 52

	
	≥ 104

	30
	≥ 24

	
	≥ 48

	
	≥ 132

	60
	≥ 24

	
	≥ 64

	
	≥ 132


 
Proposal 3: Accuracy requirements for RSCPD and RSCP measurements in FR2 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	60
	≥ 24

	
	≥ 64

	
	≥ 132

	120
	≥ 32

	
	≥ 64

	
	≥ 128




Test cases for carrier phase measurement(s)
Agreements from RAN4#110 [1]:
· Define accuracy requirements for DL RSCPD measurement and relative DL RSCP under 2-Tap channel. 
· FFS: whether to define an accuracy test case for RSCPD/RSCP jointly with another measurement (note: the requirement of the other non-CPP measurement may not need to be verified in these test cases or the existing accuracy requirements for fading channel are verified for these other measurements).
· Define accuracy requirements for DL RSCPD measurement and relative DL RSCP under AWGN channel. 

UE cannot report the carrier phase measurements as stand-alone measurements. The carrier phase measurements are always reported by the UE together with the legacy positioning measurements. The coupling of carrier phase measurement with the legacy positioning measurement is important for the positioning based on carrier phase measurement to work, as the legacy measurement ensures integer ambiguity is resolved to an extent that allows UE to be localized with a degree of accuracy by exploiting the carrier phase measurement reported by the UE. It is therefore important that the TCs for carrier phase measurement reported together with the legacy measurement are defined to validate the UE capability to meet the accuracy requirements of both, carrier phase and legacy measurement, measurements at the same time. Decoupling the TCs for carrier phase and legacy measurements will not allow validation of the UE capability to report carrier phase measurement together with the legacy measurements and meeting the requirements for both the measurements at the same time. Given the difference between the propagation conditions for which the accuracy requirements for legacy measurements are defined and the propagation condition agreed for the carrier phase measurement accuracy requirement, the TC for carrier measurement reported jointly with the legacy measurements, similar to legacy TCs, can be at least defined for the AWGN propagation condition.

Proposal 4: For CPP, accuracy TCs are defined to validate the UE capability to report the carrier phase measurement together with the legacy measurements and meeting the accuracy requirements for both measurements reported in the same measurement report.

Impact of carrier frequency offset
Agreements from RAN4#110 [1]:
· Frequency errors in general are already in the latest simulation assumptions.
· The issue can be more relevant for larger separation in time.
· The interested companies can bring simulation results, showing the difference compared to the baseline simulations results (current simulation results).
· All companies: to clarify their assumptions on frequency errors, if any.
· The current baseline for defining accuracy requirements: the agreed simulation assumption in R4-2321459.

During the Rel. 18 SI the impact of carrier frequency offset was evaluated by RAN1. Based on the evaluations done by the participating companies, RAN1 in the TR38.843 made the observation that the initial phases of the transmitted and the received can be removed effectively by the double differential technique. Another issue that was raised in the last meeting was that the impact of the carrier frequency offset is more relevant for larger separation in time. It is our observation that the time window configured by the network can be as short as 1 slot. This indicates that the mitigation of the impact of carrier frequency offset on carrier phase measurement is an implementation issue for which the existing mechanism shall suffice.

Proposal 5: RAN4 to not further discuss methods to mitigate impact of carrier frequency offset on CPP measurements.

Summary
This contribution discusses issues related to performance requirements for carrier phase positioning. The following observation(s) and proposal(s) summarize the discussion presented in this contribution.

Observation 1: Accuracy requirements for legacy measurements are defined for different side conditions for measurements based on 4 sample and measurements based on reduced number of samples. 
· For reduced number of samples case, accuracy requirements are only defined for PRS BW ≥ 48 PRBs to be met under the AWGN propagation condition. 
· For 4 sample measurements, accuracy requirements for legacy positioning measurements are defined for PRS BW < 48 PRBs also. The requirements in this case are defined for both AWGN and fading channel models.

Proposal 1: Define DL RSCPD measurement accuracy requirements for the side condition (-6, -13) dB.

Proposal 2: Accuracy requirements for RSCPD and RSCP measurements in FR1 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	15
	≥ 24

	
	≥ 52

	
	≥ 104

	30
	≥ 24

	
	≥ 48

	
	≥ 132

	60
	≥ 24

	
	≥ 64

	
	≥ 132


 
Proposal 3: Accuracy requirements for RSCPD and RSCP measurements in FR2 are defined for following PRS configurations:
	SCS (kHz)
	PRS Bandwidth (RB)

	60
	≥ 24

	
	≥ 64

	
	≥ 132

	120
	≥ 32

	
	≥ 64

	
	≥ 128



Proposal 4: For CPP, accuracy TCs are defined to validate the UE capability to report the carrier phase measurement together with the legacy measurements and meeting the accuracy requirements for both measurements reported in the same measurement report.

Proposal 5: RAN4 to not further discuss methods to mitigate impact of carrier frequency offset on CPP measurements.
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