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Introduction
In this paper we discuss the following topics
· Simulation results for RTT-based PDC using TRS
· UE capability for RTT-based PDC
· Reference points for RTT and ReferenceTimeInfo
Simulation results for RTT-based PDC using TRS
In Rel-17, RTT-based propagation delay compensation (PDC) will be supported using UE Rx-Tx time difference and gNB Rx-Tx time difference measurements to estimate propagation delay between the UE and gNB reference points [1]. To support RTT-based PDC, the definition of UE Rx-Tx time difference has been updated by RAN1 in Rel-17 to include the use of CSI-RS for tracking (TRS), in addition to PRS, as the DL reference signal [2]. The gNB Rx-Tx time difference measurement is based on SRS, as in the positioning use case.
In RAN4#101-bis-e, RAN4 agreed on simulation assumptions to evaluate UE Rx-Tx time difference performance in FR1 using TRS as the DL reference signal [1]. Simulation assumptions for FR2 will be discussed further in this meeting.
Table 1 shows UE Rx-Tx time difference accuracy in AWGN derived from link-level simulations, using the agreed simulation assumptions. The results are consistent with previous results obtained with equivalent PRS configurations, with a single PRS comb per slot and no inter-slot repetitions. Note that these results do not include any margin to account for UE Rx/Tx group delay calibration error.
RAN4 is still finalizing the margins to be added to measurement accuracy requirements for UE Rx-Tx measurements for Rel-16 NR positioning [3]. Based on proposals submitted by various companies in RAN4 to date, the margin may end up being the dominant component of the measurement accuracy.



	FR
	PRS BW (PRBs)
	SCS (kHz)
	sample rate(Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	SINR = -3 dB

	FR1
	24
	15
	256
	4
	120.5 

	
	52
	
	128
	4
	56.8

	
	104
	
	64
	4
	29.9

	
	24
	30
	128
	4
	56.4

	
	48
	
	64
	4
	28.3

	
	132
	
	32
	4
	15.1


[bookmark: _Ref95298161]Table 1: Simulation results for FR1 in AWGN.

Observation 1: Simulation results for UE Rx-Tx time difference using TRS are shown in Table 1. The results do not include any margin to account for UE Rx/Tx group delay calibration error.
UE capability for RTT-based PDC
As indicated in the previous section, UE Rx/Tx group delay calibration error is expected to be a significant (limiting) factor in the UE Rx-Tx measurement accuracy requirements in RAN4. For that reason, UE vendors that plan to support multi-RTT positioning (and RTT-based PDC) may need to develop and perform more advanced group delay calibration techniques/procedures than otherwise needed. However, in Rel-16 NR Positioning, UE support for multi-RTT is signaled for specific frequency bands and band combinations using NR-DL-PRS-ResourcesCapability-r16 and NR-UL-SRS-Capability-r16 [5]. This means that a UE can selectively support UE measurements and meet performance requirements in certain frequency bands. The extra effort to implement and perform special calibration can be limited to a subset of frequency bands and band combinations.
Proposal 1: The UE capability for RTT-based PDC should be defined per feature set.
NR-Multi-RTT-ProvideCapabilities
The IE NR-Multi-RTT-ProvideCapabilities is used by the target device to indicate its capability to support NR Multi-RTT and to provide its NR Multi-RTT positioning capabilities to the location server.

NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-Multi-RTT-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-Multi-RTT-MeasurementCapability-r16	NR-Multi-RTT-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	nr-UL-SRS-Capability-r16				NR-UL-SRS-Capability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					ENUMERATED { supported }					OPTIONAL,
	...
}

-- ASN1STOP

NR-DL-PRS-ResourcesCapability
The IE NR-DL-PRS-ResourcesCapability defines the DL-PRS resources capability for each positioning method. The UE can include this IE only if the UE supports NR-DL-PRS-ProcessingCapability. Otherwise, the UE does not include this IE.
-- ASN1START

NR-DL-PRS-ResourcesCapability-r16 ::= SEQUENCE {
	maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer-r16	
												INTEGER (1..2),
	maxNrOfTRP-AcrossFreqs-r16					ENUMERATED { n4, n6, n12, n16, n32,
															 n64, n128, n256, ...},
	maxNrOfPosLayer-r16							INTEGER (1..4),
	dl-PRS-ResourcesCapabilityBandList-r16		SEQUENCE (SIZE (1..nrMaxBands-r16)) OF
													DL-PRS-ResourcesCapabilityPerBand-r16,
	dl-PRS-ResourcesBandCombinationList-r16		DL-PRS-ResourcesBandCombinationList-r16,
	...
}

DL-PRS-ResourcesCapabilityPerBand-r16 ::= SEQUENCE {
	freqBandIndicatorNR-r16						FreqBandIndicatorNR-r16,
	maxNrOfDL-PRS-ResourcesPerResourceSet-r16	ENUMERATED { n1, n2, n4, n8, n16, n32, n64, ...},
	maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer-r16	
												ENUMERATED { n6, n24, n32, n64, n96, n128,
															 n256, n512, n1024, ...},
	...
}

DL-PRS-ResourcesBandCombinationList-r16 ::=	SEQUENCE (SIZE (1..maxBandComb-r16)) OF
														DL-PRS-ResourcesBandCombination-r16

DL-PRS-ResourcesBandCombination-r16 ::=	SEQUENCE {
	bandList-r16							SEQUENCE (SIZE (1..maxSimultaneousBands-r16)) OF
															FreqBandIndicatorNR-r16,
	maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16	
											CHOICE {
		fr1-Only-r16							ENUMERATED {n6, n24, n64, n128, n192,
															 n256, n512, n1024, n2048},
		fr2-Only-r16							ENUMERATED {n24, n64, n96, n128, n192,
															 n256, n512, n1024, n2048},
		fr1-FR2Mix-r16							SEQUENCE {
			fr1-r16									ENUMERATED {n6, n24, n64, n96, n128,
																 n192, n256, n512, n1024, n2048},
			fr2-r16									ENUMERATED {n24, n64, n96, n128, n192,
																 n256, n512, n1024, n2048},
			...
		},
		...
	},
	...
}

-- ASN1STOP



Reference points for RTT and ReferenceTimeInfo
The objective of PDC is to synchronize the local clock of the UE to the network clock. The network clock is provided to the UE via the ReferenceTimeInfo IE in the form of a time-stamp corresponding to specific SFN boundary [6]. The physical reference point of the time-stamp is specified as follows: “The indicated time is referenced at the network, i.e., without compensating for RF propagation delay.” Since RF propagation delay is unaccounted, it is not clear whether the time-stamp corresponds to the transmission time of the SFN boundary at a point inside the gNB other than the transmit antenna.
In contrast, the reference points for the UE and gNB Rx-Tx time difference measurements are typically at the antenna or antenna connector [3]. Consequently, the propagation delay estimated from the RTT measurements excludes any group delay (including RF propagation delay) at the UE and gNB.
In the case of PDC performed at the UE side, the UE would have to account for any additional delay between the UE DL reference point and the reference point associated with its local clock to achieve accurate synchronization to the network clock. However, unless the UE is provided with information about the “RF propagation delay” at the gNB transmitter, which is excluded from ReferenceTimeInfo, it would not be possible to compensate for this unknown delay. The accuracy of PDC would degrade due to the unaccounted delay. The same problem would occur for PDC performed at the gNB side if the delay between the reference points for RTT and ReferenceTimeInfo is not compensated.
Observation 2: The physical reference points for RTT measurements are at the antenna or antenna connector, while the reference point for ReferenceTimeInfo is an unspecified point at the network. ReferenceTimeInfo may not account for “RF propagation delay” at the gNB. If the two reference points are different and the delay between them is not compensated, PDC accuracy may be degraded.

	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.



Conclusions
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Table 1: Simulation results for FR1 in AWGN.

Observation 1: Simulation results for UE Rx-Tx time difference using TRS are shown in Table 1. The results do not include any margin to account for UE Rx/Tx group delay calibration error.
Proposal 1: The UE capability for RTT-based PDC should be defined per feature set.
Observation 2: The physical reference points for RTT measurements are at the antenna or antenna connector, while the reference point for ReferenceTimeInfo is an unspecified point at the network. ReferenceTimeInfo may not account for “RF propagation delay” at the gNB. If the two reference points are different and the delay between them is not compensated, PDC accuracy may be degraded.
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