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Introduction
In this contribution, we discuss UE RxTx measurements based upon Rel 15 SRS. RAN1 is discussing to support UE RxTx measurements using Rel-15 signals. Adding support for RTT in the serving cell does not have any impact to RAN1 specification, as the measurements and the signals are already defined. 
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UE Rx Tx measurements can be part of ECID measurements as shown below.
-- ASN1START

NR-ECID-RequestLocationInformation-r16 ::= SEQUENCE {
	requestedMeasurements-r16		BIT STRING {	ssrsrpReq		(0),
													ssrsrqReq		(1),
													csirsrpReq		(2),				
													csirsrqReq		(3),
													uerxtx			(4) (SIZE(1..8)),
	... 
}

-- ASN1STOP

NR-ECID-SignalMeasurementInformation
The IE NR-ECID-SignalMeasurementInformation is used by the target device to provide NR ECID measurements to the location server. 

-- ASN1START

NR-ECID-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-PrimaryCellMeasuredResults-r16	NR-MeasuredResultsElement-r16,
	nr-MeasuredResultsList-r16			NR-MeasuredResultsList-r16	OPTIONAL,
	...
}
NR-MeasuredResultsList-r16 ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsElement-r16

NR-MeasuredResultsElement-r16 ::= SEQUENCE {
	systemFrameNumber				BIT STRING (SIZE (10)),	
	trp-ID-r16						TRP-ID-r16			OPTIONAL,
	measResultNR-r16				SEQUENCE {
		cellResults-r16					SEQUENCE{
			resultsSSB-Cell-r16				MeasQuantityResults-r16				OPTIONAL,
			resultsCSI-RS-Cell-r16			MeasQuantityResults-r16				OPTIONAL
		},
		rsIndexResults-r16				SEQUENCE{
			resultsSSB-Indexes-r16			ResultsPerSSB-IndexList-r16			OPTIONAL,
			resultsCSI-RS-Indexes-r16		ResultsPerCSI-RS-IndexList-r16		OPTIONAL
		},
		nr-UE-RxTxTimeDiff-r16				INTEGER (0..ffs)	OPTIONAL,
																				OPTIONAL
	},
	...
}

MeasQuantityResults-r16 ::= SEQUENCE {
    nr-RSRP-r16	INTEGER (0..127)		OPTIONAL,
    nr-RSRQ-r16	INTEGER (0..127)		OPTIONAL
}

ResultsPerSSB-IndexList-r16::= SEQUENCE (SIZE (1..64)) OF ResultsPerSSB-Index-r16

ResultsPerSSB-Index-r16 ::= SEQUENCE {
    ssb-Index-r16					INTEGER (0..63),
    ssb-Results-r16					MeasQuantityResults-r16					OPTIONAL
}

ResultsPerCSI-RS-IndexList-r16::= SEQUENCE (SIZE (1..64)) OF ResultsPerCSI-RS-Index-r16

ResultsPerCSI-RS-Index-r16 ::= SEQUENCE {
    csi-RS-Index-r16				INTEGER (0..95),
    csi-RS-Results-r16				MeasQuantityResults-r16					OPTIONAL
}

-- ASN1STOP

Multi-RTT
UE Rx Tx measurements can be part of Multi-RTT measurements. When LMF request gNB to provide SRS configuration, gNB may configure SRS using either SRS-ResourceSet or SRS-PosResourceSet. The gNB may decide based upon UE capability and other prevailing resource situations.
[bookmark: _Toc24042565][bookmark: _Toc24061024][bookmark: _Toc37321666][bookmark: _Toc37357389][bookmark: _Toc37357433][bookmark: _Toc37360309][bookmark: _Toc37360434][bookmark: _Ref20316620][bookmark: _Toc37367168]The UE Rx-Tx time difference measurement based upon Rel-15 SRS is used for ECID and Multi-RTT measurements. 

Correcting RTT Errors

According to section 7.1 on UE transmit timing in TS 38.133 the UE performs autonomous timing adjustments. The size of these adjustments can be up to 5.5*64*Tc  = 179ns = 54m/c in FR1 and up to 2.5*64*Tc = 81ns = 24m/c in FR2. If such timing adjustments are performed between the reception of a DL PRS utilized by the UE for UE Rx-Tx TD measurement and the transmission of an UL SRS utilized by the gNB for a gNB Rx-Tx TD measurement this will cause a serious error in the resulting RTT measurement as illustrated in below figure. This could easily be solved by the UE adjusting the reported UE Rx-Tx TD measurement accordingly, but this would require that the UE knows which UL SRS occasion the gNB will use for it’s measurement or equivalently the timing of this UL SRS occasion. We therefore propose that the UE Rx-Tx TD measurement configuration includes the ID of the UL SRS to be used by the UE to define it’s TX time framing to be used for the UE Rx-Tx TD measurement and a timestamp giving the slot level position of the DL PRS used for the measurement.

[bookmark: _Toc24042566][bookmark: _Toc24061025][bookmark: _Toc37321667][bookmark: _Toc37357390][bookmark: _Toc37357434][bookmark: _Toc37360310][bookmark: _Toc37360435][bookmark: _Toc37367169]The UE Rx-Tx TD measurement configuration includes the ID of the UL SRS to be used by the UE to define it’s TX time framing to be used for the UE Rx-Tx TD measurement and a timestamp giving the slot level position of the DL PRS used for the measurement.
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[bookmark: _Ref24016739]Figure: If the UE performs autonomous timing adjustments between the reception of the reference signal used by the UE to estimate the rx frame timing for the UE Rx-Tx time difference measurement and the transmission of the reference signal used by the gNB to estimate the rx frame timing for the gNB Rx-Tx time difference measurement, then the timing adjustment will cause a serious error in the RTT estimate
Moreover, different types of timing adjustments can occur during the measurement time window which will introduce UE Rx-Tx measurement errors unless such adjustments during the measurement time window are either prohibited, compensated for or informed about.
[bookmark: _Toc24042567][bookmark: _Toc24061026][bookmark: _Toc37321668][bookmark: _Toc37357391][bookmark: _Toc37357435][bookmark: _Toc37360311][bookmark: _Toc37360436][bookmark: _Toc37367170]To mitigate effects from timing adjustments during measurement time windows for UE Rx-Tx measurements, the UE encodes this as measurement uncertainty/error.
[bookmark: _Toc37360312][bookmark: _Toc37360437][bookmark: _Toc37367171]The UE records the TA(s) and the time shifts during measurements and encodes it with uncertainty bits for reporting to the LMF.



Conclusion
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	The UE Rx-Tx time difference measurement based upon Rel-15 SRS is used for ECID and Multi-RTT measurements.
Proposal 2	The UE Rx-Tx TD measurement configuration includes the ID of the UL SRS to be used by the UE to define it’s TX time framing to be used for the UE Rx-Tx TD measurement and a timestamp giving the slot level position of the DL PRS used for the measurement.
Proposal 3	To mitigate effects from timing adjustments during measurement time windows for UE Rx-Tx measurements, the UE encodes this as measurement uncertainty/error.
Proposal 4	The UE records the TA(s) and the time shifts during measurements and encodes it with uncertainty bits for reporting to the LMF.
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