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1	Introduction
In this paper, we resolve several open issues related to positioning accuracy enhancements, in particular UL CPP.
[bookmark: _Hlk527071819]2	Discussion
2.1	Uplink carrier phase positioning (UL CPP)
UL CPP was discussed at the previous RAN3 meeting, and some agreements reached with FFSes. Meanwhile, RAN1 has made significant progress and reached the following agreements at RAN#114 related to configuration of UL SRS transmission within indicated time window(s):
	[bookmark: _Hlk146559584]Agreement
Confirm the following working assumption with modification made in RAN1#113:

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 system frame 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



	[bookmark: _Hlk146559470]Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s),
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}



The NRPPa Positioning Information Exchange procedure already enables the LMF to request the serving gNB to configure SRS transmissions for the UE. This is achieved by the LMF sending the POSITIONING INFORMATION REQUEST message including the Requested SRS Transmission Characteristics IE.  However, it is currently not possible for the LMF to indicate time window(s) for the SRS transmissions.  Therefore, the following needs to be added to the POSITIONING INFORMATION REQUEST message:
-	Start of time window (mandatory): Subframe number, slot offset, and symbol index with respect to the SFN initialization time.
-	Duration of time window (mandatory): CHOICE of either a number of consecutive slots or a number of consecutive symbols
-	Periodicity of time window (optional): Defined similar to the PeriodicitySRS IE in the Requested SRS Transmission Characteristics IE.
Proposal 1:	Introduce a Time Window Information for SRS IE in the POSITIONING INFORMATION REQUEST message to indicate the start of the time window, the duration of the time window, and (optionally) the periodicity of the time window for UL SRS transmission. 
If proposal 1 is agreeable, then the Time Window Information for SRS IE is proposed to be encoded as follows:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Time Window Start
	
	1
	
	

	>System Frame Number
	M
	
	INTEGER(0..1023)
	

	>Slot Number
	M
	
	INTEGER(0..79)
	

	>Symbol Index
	M
	
	INTEGER(0..12)
	

	CHOICE Time Window Duration
	M
	
	
	

	>Symbols
	
	
	
	

	>>Duration in Symbols
	M
	
	ENUMERATED (1, 2, 4, 8, 12, …)
	

	>Slots
	
	
	
	

	>>Duration in Slots
	M
	
	ENUMERATED (1, 2, 4, 6, 8, 12, 16, …)
	

	Time Window Type
	M
	
	ENUMERATED (single, periodic, …)
	

	Time Window Periodicity
	C-ifTimeWindowTypePeriodic
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …) [FFS]
	Unit: Milli-seconds

	Number of Periodic Time Windows
	C-ifTimeWindowTypePeriodic
	
	INTEGER (1..16, …)
	


Table 1: Encoding of Time Window Information for SRS IE

Proposal 2:	Encode the Time Window Information for SRS IE as shown in Table 1. 
Regarding measurement of UL SRS within indicated time window(s), RAN1 has agreed on the following:
	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



	Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}

Additional note: The introduced window is not only for CP positioning from RAN1 understanding.



The NRPPa Measurement procedure already enables the LMF to request the serving/neighboring gNB(s) to measure the UL SRS from the UE. However, it is currently not possible for the LMF to indicate time window(s) for measuring.  According to the RAN1 agreements, the time window(s) for measurement are defined by the following parameters:
-	Start of time window (mandatory): Subframe number and slot offset with respect to the SFN initialization time. We note that the MEASUREMENT REQUEST message already includes these two parameters, so nothing more is needed.
-	Duration of time window (mandatory): Number of consecutive slots.
-	Periodicity of time window (optional): Defined similar to the Measurement Periodicity IE in the MEASUREMENT REQUEST message.
Therefore, the following needs to be added to the MEASUREMENT REQUEST message:
-	Duration of time window (mandatory): number of consecutive slots/symbols
-	Periodicity of time window (optional): defined similar to the Measurement Periodicity IE in the MEASUREMENT REQUEST message.
Proposal 3:	Introduce a Time Window Information for Measurement IE in the MEASUREMENT REQUEST message to indicate the duration of the time window, and (optionally) the periodicity of the time window to measure UL SRS from the UE. 
If proposal 3 is agreeable, then the Time Window Information for Measurement IE is proposed to be encoded as follows:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Time Window Duration 
	M
	
	
	Duration of time window with start time given by the System Frame Number IE and Slot Number IE

	>Slots
	
	
	
	

	>>Duration in Slots
	M
	
	ENUMERATED (1, 2, 4, 6, 8, 12, 16, …)
	

	Time Window Type
	M
	
	ENUMERATED (single, periodic, …)
	

	Time Window Periodicity
	C-ifTimeWindowTypePeriodic
	
	ENUMERATED (160, 320, 640, 1280, 2560, 5120, 10240, …) [FFS]
	Unit: Milli-seconds

	Number of Periodic Time Windows
	C-ifTimeWindowTypePeriodic
	
	INTEGER (1..16, …)
	


Table 2: Encoding of Time Window Information for Measurement IE

Proposal 4:	Encode the Time Window Information for Measurement IE as shown in Table 2. 
It is observed that the periodicity values of the Measurement Periodicity IE in the MEASUREMENT REQUEST message (for measuring) are not the same as the periodicity values in the PeriodicitySRS IE in the Requested SRS Transmission Characteristics IE (for UL SRS transmission) as shown below:
-	PeriodicitySRS IE: INTEGER (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …)
-	Measurement Periodicity IE: INTEGER (160, 320, 640, 1280, 2560, 5120, 10240, 20480, 40960, 61440, 81920, 368640, 737280, 1843200)
RAN3 can tentatively use the overlapping values (i.e., 160ms to 10240ms) with FFS pending RAN1. 
3	Conclusions
In this paper, we evaluated the RAN3 specification impacts of Rel-18 positioning accuracy enhancements and proposed the following:
Related to uplink carrier phase positioning:
Proposal 1:	Introduce a Time Window Information for SRS IE in the POSITIONING INFORMATION REQUEST message to indicate the start of the time window, the duration of the time window, and (optionally) the periodicity of the time window for UL SRS transmission. 
Proposal 2:	Encode the Time Window Information for SRS IE as shown in Table 1. 
Proposal 3:	Introduce a Time Window Information for Measurement IE in the MEASUREMENT REQUEST message to indicate the start of the time window, the duration of the time window, and (optionally) the periodicity of the time window to measure UL SRS from the UE. 
Proposal 4:	Encode the Time Window Information for Measurement IE as shown in Table 2. 
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Annex	A:	Text Proposal for TS 38.455
Start of modifications
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
9.1.1.10	POSITIONING INFORMATION REQUEST
This message is sent by the LMF to request positioning information.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	Requested SRS Transmission Characteristics
	O
	
	9.2.27
	
	YES
	ignore

	UE Reporting Information
	O
	
	9.2.70
	
	YES
	ignore

	UE TEG Information Request
	O
	
	ENUMERATED(onDemand, periodic, stop, …)
	
	YES
	ignore

	UE TEG Reporting Periodicity
	C-ifUeTegInfoReqPeriodic
	
	ENUMERATED (160ms, 320ms, 1280ms, 2560ms, 61440ms, 81920ms, 368640ms, 737280ms, …)
	
	YES
	reject

	Time Window Information for SRS
	O
	
	9.2.x1
	
	YES
	reject



	Condition
	Explanation

	ifUeTegInfoReqPeriodic
	This IE shall be present if the UE TEG Information Request IE is set to the value "periodic".



<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
9.1.4.1	MEASUREMENT REQUEST
This message is sent by the LMF to request the NG-RAN node to configure a positioning measurement.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Request List
	
	1
	
	
	YES
	reject

	>TRP Measurement Request Item 
	
	1..<maxnoofMeasTRPs>
	
	
	EACH
	reject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Search Window Information
	O
	
	9.2.26
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>>AoA Search Window Information
	O
	
	UL-AoA Assistance Information 9.2.66
	
	YES
	ignore

	>>Number of TRP Rx TEGs
	O
	
	ENUMERATED (2, 3, 4, 6, 8, …)
	
	YES
	ignore

	>>Number of TRP RxTx TEGs
	O
	
	ENUMERATED (2, 3, 4, 6, 8, …)
	
	YES
	ignore

	Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, ...)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, extended) 
	The codepoint 120ms, 240ms, 480ms, 1024ms, 2048ms, 1min, 6min, 12min, 30min, and 60min are not applicable
	YES
	reject

	TRP Measurement Quantities
	
	1
	
	
	YES
	reject

	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…,  Multiple UL-AoA, UL SRS-RSRPP, UL-RSCP)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16].
This IE is ignored when the Timing Reporting Granularity Factor Extended IE is included.
	-
	

	>Timing Reporting Granularity Factor Extended
	O
	
	FFS
	FFS
	
	

	SFN initialisation Time
	O
	
	Relative Time 1900
9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	Measurement Beam Information Request
	O
	
	ENUMERATED (true,...)
	This IE is ignored when the Measurement Characteristics Request Indicator IE is included.
	YES
	ignore

	[bookmark: OLE_LINK17]System Frame Number
	O 
	
	INTEGER(0..1023)
	
	YES
	ignore

	Slot Number
	O
	
	INTEGER(0..79)
	
	YES
	ignore

	Measurement Periodicity Extended
	C-ifMeasPerExt
	
	ENUMERATED (160ms, 320ms, 1280ms, 2560ms, 61440ms, 81920ms, 368640ms, 737280ms, 1843200ms, …)
	
	YES
	reject

	Response Time
	O
	
	9.2.68
	This IE is ignored when the Report Characteristics IE is set to “periodic”.
	YES
	ignore

	Measurement Characteristics Request Indicator
	O
	
	9.2.81
	
	YES
	ignore

	Measurement Time Occasion
	O
	
	ENUMERATED (o1, o4, …)
	
	YES
	ignore

	Measurement Amount
	O
	
	ENUMERATED (0, 1, 2, 4, 8, 16, 32, 64)
	This IE is ignored if the Report Characteristics IE is set to ‘OnDemand’. 
Value 0 represents an infinite number of periodic reporting.
	YES
	ignore

	Time Window Information for Measurement
	O
	
	9.2.x2
	
	YES
	ignore



	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the Report Characteristics IE is set to the value "Periodic".

	ifMeasPerExt
	This IE shall be present if the Measurement Periodicity IE is set to the value "extended".
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	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.

	maxnoofMeasTRPs
	Maximum no. of TRPs that can be included within one message. Value is 64. 



<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
9.2.x1	Time Window Information of SRS
This IE contains the time window(s) when UL SRS transmission is requested.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Time Window Start
	
	1
	
	

	>System Frame Number
	M
	
	INTEGER(0..1023)
	

	>Slot Number
	M
	
	INTEGER(0..79)
	

	>Symbol Index
	M
	
	INTEGER(0..12)
	

	CHOICE Time Window Duration
	M
	
	
	

	>Symbols
	
	
	
	

	>>Duration in Symbols
	M
	
	ENUMERATED (1, 2, 4, 8, 12, …)
	

	>Slots
	
	
	
	

	>>Duration in Slots
	M
	
	ENUMERATED (1, 2, 4, 6, 8, 12, 16, …)
	

	Time Window Type
	M
	
	ENUMERATED (single, periodic, …)
	

	Time Window Periodicity
	C-ifTimeWindowTypePeriodic
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …) [FFS]
	Unit: Milli-seconds

	Number of Periodic Time Windows
	C-ifTimeWindowTypePeriodic
	
	INTEGER (1..16, …)
	



	Condition
	Explanation

	ifTimeWindowTypePeriodic
	This IE shall be present if the Time Window Type IE is set to the value “periodic”.



9.2.x2	Time Window Information of Measurement
This IE contains the time window(s) when UL SRS measurement is requested.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Time Window Duration 
	M
	
	
	Duration of time window with start time given by the System Frame Number IE and Slot Number IE

	>Slots
	
	
	
	

	>>Duration in Slots
	M
	
	ENUMERATED (1, 2, 4, 6, 8, 12, 16, …)
	

	Time Window Type
	M
	
	ENUMERATED (single, periodic, …)
	

	Time Window Periodicity
	C-ifTimeWindowTypePeriodic
	
	ENUMERATED (160, 320, 640, 1280, 2560, 5120, 10240, …) [FFS]
	Unit: Milli-seconds

	Number of Periodic Time Windows
	C-ifTimeWindowTypePeriodic
	
	INTEGER (1..16, …)
	



	Condition
	Explanation

	ifTimeWindowTypePeriodic
	This IE shall be present if the Time Window Type IE is set to the value “periodic”.
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-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

NRPPA-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-access (22) modules (3) nrppa (4) version1 (1) nrppa-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN
<<<<<<<<< unchanged texts omitted >>>>>>>>>>>
TimeStamp ::= SEQUENCE {
	systemFrameNumber		SystemFrameNumber,
	slotIndex				TimeStampSlotIndex,
	measurementTime			RelativeTime1900	OPTIONAL,
	iE-Extension			ProtocolExtensionContainer { { TimeStamp-ExtIEs} }	OPTIONAL,
	...
}

TimeStamp-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

TimeStampSlotIndex ::= CHOICE {
	sCS-15			INTEGER(0..9),
	sCS-30			INTEGER(0..19),
	sCS-60			INTEGER(0..39),
	sCS-120			INTEGER(0..79),
	choice-extension		ProtocolIE-Single-Container { { TimeStampSlotIndex-ExtIEs} }
}

TimeStampSlotIndex-ExtIEs NRPPA-PROTOCOL-IES ::= {
	...
}

TimingReportingGranularityFactorExtended ::=INTEGER(0..1)

TimeWindowInformation-Measurement ::= SEQUENCE {
	timeWindowDurationMeasurement		TimeWindowDurationMeasurement,
	timeWindowType						ENUMERATED {single, periodic, ...},
	timeWindowPeriodicityMeasurement	TimeWindowPeriodicityMeasurement		OPTIONAL,
	numberOfPeriodicTimeWindows			INTEGER (1..16, ...)					OPTIONAL,
	iE-Extension			ProtocolExtensionContainer { { TimeWindowInformation-Measurement-ExtIEs} }	OPTIONAL,
	...
}

TimeWindowInformation-Measurement-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

TimeWindowInformation-SRS ::= SEQUENCE {
	timeWindowStartSRS					TimeWindowStartSRS,
	timeWindowDurationSRS				TimeWindowDurationSRS,
	timeWindowType						ENUMERATED {single, periodic, ...},
	timeWindowPeriodicitySRS			TimeWindowPeriodicitySRS				OPTIONAL,
	numberOfPeriodicTimeWindows			INTEGER (1..16, ...)					OPTIONAL,
	iE-Extension			ProtocolExtensionContainer { { TimeWindowInformation-SRS-ExtIEs} }	OPTIONAL,
	...
}

TimeWindowInformation-SRS-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

TimeWindowDurationMeasurement ::= CHOICE {
	durationSlots		ENUMERATED {1, 2, 4, 6, 8, 12, 16, ...},
	choice-extension		ProtocolIE-Single-Container { { TimeWindowDurationMeasurement-ExtIEs} }
}

TimeWindowDurationMeasurement-ExtIEs NRPPA-PROTOCOL-IES ::= {
	...
}

TimeWindowDurationSRS ::= CHOICE {
	durationSymbols		ENUMERATED {1, 2, 4, 8, 12, ...},
	durationSlots		ENUMERATED {1, 2, 4, 6, 8, 12, 16, ...},
	choice-extension		ProtocolIE-Single-Container { { TimeWindowDurationSRS-ExtIEs} }
}

TimeWindowDurationSRS-ExtIEs NRPPA-PROTOCOL-IES ::= {
	...
}

TimeWindowPeriodicityMeasurement ::= ENUMERATED {ms160, ms320, ms640, ms1280, ms2560, ms5120, ms10240, ...}

TimeWindowPeriodicitySRS ::= ENUMERATED {ms0dot125, ms0dot25, ms0dot5, ms0dot625, ms1, ms1dot25, ms2, ms2dot5, ms4, ms5, ms8, ms10, ms16, ms20, ms32, ms40, ms64, ms80, ms160, ms320, ms640, ms1280, ms2560, ms5120, ms10240, ...}

TimeWindowStartSRS ::= SEQUENCE {
	systemFrameNumber		SystemFrameNumber,
	slotNumber				SlotNumber,
	symbolIndex				INTEGER (0..12),
	iE-Extension			ProtocolExtensionContainer { { TimeWindowStartSRS-ExtIEs} }	OPTIONAL,
	...
}

TimeWindowStartSRS-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}


End of modifications

