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[bookmark: _Ref189046994]Introduction
UE Rx Tx measurements is a part of Multi-RTT measurements. When an RTT is computed based on a PRS and SRS, the gNodeB needs to secure that the same Downlink PRS and  uplink SRS will be used in the calculation of the UE-RxTx and gNB RxTx, so that the combined measurement makes a meaningful RTT. In this a draft LPP ASN.1 is provided which can provide such coupling.
Discussion
During the email discussion on physical layer procedure in RAN1#100b-e, one issue was discussed regarding the Inter-Frequency UE Rx–Tx time difference measurement. The issue discussed was that when an RTT is computed based on a PRS and SRS, the gNodeB needs to secure that the same Downlink PRS and  uplink SRS will be used in the calculation of the UE-RxTx and gNB RxTx, so that the combined measurement makes a meaningful RTT. 
The issue is most important to clarify when the UE is configured in multiple SRS over multiple TAG groups (bands). In that case, as mentioned by multiple companies in the email discussion (see [1]), there is no tight coupling between the SRS transmitting band and the PRS transmitting band, so that a mismatch can be avoided.
One solution taht was discussed was that UE to report which band/Component carrier was sued for measurement. However simply signalling which SRS was used to compute the measurement does not remove the issue of the measurement being relevant or not. It only makes it possible for the network to either accept the measurement as valid, or discard it. This means that the UE would have wasted an SRS transmission and a measurement report that the network did not need.  To resolve the issue and completely define the UE behaviour, it is thus necessary to either have the network notify which SRS should be associated with the PRS in the UE RxTx calculation, or condition the SRS and PRS to be in the same band. In our view, the first option is the most flexible one.

[bookmark: _Toc40479730]For UE-RxTx measurement and reporting, the SRS resource set ID  of an SRS resource set may be provided in UE Rx-Tx time difference measurement configuration. The UE shall measure and report UE-RxTx based on an SRS resource part of this SRS resource set.
[bookmark: _Toc40479731]When no SRS resource set is provided in the UE Rx-Tx time difference measurement configuration, the UE uses an SRS in the same band as the PRS to measure the UE RxTx. 
Conclusion
 Based on the discussion in the previous sections we propose the following:
Proposal 1	For UE-RxTx measurement and reporting, the SRS resource set ID  of an SRS resource set may be provided in UE Rx-Tx time difference measurement configuration. The UE shall measure and report UE-RxTx based on an SRS resource part of this SRS resource set.
Proposal 2	When no SRS resource set is provided in the UE Rx-Tx time difference measurement configuration, the UE uses an SRS in the same band as the PRS to measure the UE RxTx.
 
 Reference
[1] R1-2002989, Summary of Email Discussion [100b-e-NR-Pos-04], Moderator (Qualcomm Incorporated)

Text Proposal


NR-DL-PRS-Config
The IE NR-DL-PRS-Config defines downlink PRS configuration.
-- ASN1START

NR-DL-PRS-Config-r16 ::= SEQUENCE {

	nr-DL-PRS-ResourceSetList-r16		SEQUENCE (SIZE (1..nrMaxSetsPerTRP)) NR-DL-PRS-ResourceSet-r16,
[bookmark: _Hlk32318578]	nr-DL-PRS-SFN0-Offset-r16		SEQUENCE {
[bookmark: _Hlk34329428]		sfn-Offset-r16					INTEGER (0..1023),
		integerSubframeOffset-r16		INTEGER (0..9)					OPTIONAL	-- Need OP
	}	OPTIONAL,
	...
}

NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetId-r16			NR-DL-PRS-ResourceSetId-r16,
	nr-UL-SRS-PosResourceSetId-r16		INTEGER (0..15)         OPTIONAL,			--Need OP
	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16-r16	NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16,

	dl-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n6, n8, n16, n32, ...},
	dl-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32, ...},
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet)) OF NR-DL-PRS-Resource-r16,
	dl-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-MutingPatternList-r16		SEQUENCE {
		mutingOption1-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16,
			dl-PRS-MutingBitRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n8, ...}	OPTIONAL	--Need OR
		},
		mutingOption2-r16					SEQUENCE {
			mutingPattern-r16					MutingPattern-r16
		}
	},
	dl-PRS-ResourcePower-r16			INTEGER (-60..50),	
	...
}

NR-DL-PRS-Resource-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceId-r16				NR-DL-PRS-ResourceID-r16,
	nr-UL-PRS-PosResourceId-r16				INTEGER {0.. 63},		OPTIONAL,			--Need OP
	dl-PRS-SequenceId-r16				INTEGER {0.. 4095},
	dl-PRS-ReOffset-r16					CHOICE {
			n2-r16							INTEGER (0..1),
			n4-r16							INTEGER (0..3),
			n6-r16							INTEGER (0..5),
			n12-r16							INTEGER (0..11)
		},
	dl-PRS-ResourceSlotOffset-r16		INTEGER (0..nrMaxResourceOffsetValue-1),
	dl-PRS-ResourceSymbolOffset-r16		INTEGER (0..12),
	dl-PRS-QCL-Info-r16					DL-PRS-QCL-Info-r16	OPTIONAL,
	...
}

MutingPattern-r16 ::= CHOICE {
			po2-r16								BIT STRING (SIZE(2)),
			po4-r16								BIT STRING (SIZE(4)),
			po6-r16								BIT STRING (SIZE(6)),
			po8-r16								BIT STRING (SIZE(8)),
			po16-r16							BIT STRING (SIZE(16)),
			po32-r16							BIT STRING (SIZE(32)),
			...
}

[bookmark: _Hlk24037360]DL-PRS-QCL-Info-r16 ::= CHOICE {
	ssb-r16						SEQUENCE {
		pci-r16						NR-PhysCellId-r16,
		ssb-Index-r16				INTEGER (0..63),
		rs-Type-r16				ENUMERATED {typeC, typeD, typeC-plus-typeD}
	},
	dl-PRS-r16					SEQUENCE {
		qcl-dl-PRS-ResourceId-r16			NR-DL-PRS-ResourceID,
		qcl-dl-PRS-ResourceSetId-r16		NR-DL-PRS-ResourceSetId-r16
	}
}

NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16 ::= CHOICE {
	scs15-r16		CHOICE {
						n4-r16					INTEGER (0..3),
						n5-r16					INTEGER (0..4),
						n8-r16					INTEGER (0..7),
						n10-r16					INTEGER (0..9),
						n16-r16					INTEGER (0..15),
						n20-r16					INTEGER (0..19),
						n32-r16					INTEGER (0..31),
						n40-r16					INTEGER (0..39),
						n64-r16					INTEGER (0..63),
						n80-r16					INTEGER (0..79),
						n160-r16				INTEGER (0..159),
						n320-r16				INTEGER (0..319),
						n640-r16				INTEGER (0..639),
						n1280-r16				INTEGER (0..1279),
						n2560-r16				INTEGER (0..2559),
						n5120-r16				INTEGER (0..5119),
						n10240-r16				INTEGER (0..10239),
						...},
	scs30-r16		CHOICE {
						n8-r16					INTEGER (0..7),
						n10-r16					INTEGER (0..9),
						n16-r16					INTEGER (0..15),
						n20-r16					INTEGER (0..19),
						n32-r16					INTEGER (0..31),
						n40-r16					INTEGER (0..39),
						n64-r16					INTEGER (0..63),
						n80-r16					INTEGER (0..79),
						n128-r16				INTEGER (0..127),
						n160-r16				INTEGER (0..159),
						n320-r16				INTEGER (0..319),
						n640-r16				INTEGER (0..639),
						n1280-r16				INTEGER (0..1279),
						n2560-r16				INTEGER (0..2559),
						n5120-r16				INTEGER (0..5119),
						n10240-r16				INTEGER (0..10239),
						n20480-r16				INTEGER (0..20479),
						...},
	scs60-r16		CHOICE {
						n16-r16					INTEGER (0..15),
						n20-r16					INTEGER (0..19),
						n32-r16					INTEGER (0..31),
						n40-r16					INTEGER (0..39),
						n64-r16					INTEGER (0..63),
						n80-r16					INTEGER (0..79),
						n128-r16				INTEGER (0..127),
						n160-r16				INTEGER (0..159),
						n256-r16				INTEGER (0..255),
						n320-r16				INTEGER (0..319),
						n640-r16				INTEGER (0..639),
						n1280-r16				INTEGER (0..1279),
						n2560-r16				INTEGER (0..2559),
						n5120-r16				INTEGER (0..5119),
						n10240-r16				INTEGER (0..10239),
						n20480-r16				INTEGER (0..20479),
						n40960-r16				INTEGER (0..40959),
						...},
	scs120-r16		CHOICE {
						n32-r16					INTEGER (0..31),
						n40-r16					INTEGER (0..39),
						n64-r16					INTEGER (0..63),
						n80-r16					INTEGER (0..79),
						n128-r16				INTEGER (0..127),
						n160-r16				INTEGER (0..159),
						n256-r16				INTEGER (0..255),
						n320-r16				INTEGER (0..319),
						n512-r16				INTEGER (0..511),
						n640-r16				INTEGER (0..639),
						n1280-r16				INTEGER (0..1279),
						n2560-r16				INTEGER (0..2559),
						n5120-r16				INTEGER (0..5119),
						n10240-r16				INTEGER (0..10239),
						n20480-r16				INTEGER (0..20479),
						n40960-r16				INTEGER (0..40959),
						n81920-r16				INTEGER (0..81919),
						...},
	...
}

NR-DL-PRS-ResourceID-r16 ::= INTEGER (0.. nrMaxNumDL-PRS-ResourcesPerSet-1)

NR-DL-PRS-ResourceSetID-r16 ::= INTEGER (0.. nrMaxNumDL-PRS-ResourceSetsPerTRP-1)

nrMaxNumDL-PRS-ResourcesPerSet-1 INTEGER ::= 63

nrMaxNumDL-PRS-ResourceSetsPerTRP-1	INTEGER ::= 7

nrMaxResourceOffsetValue-1 INTEGER ::= 511
nrMaxResourcesPerSet	INTEGER ::= 64	-- Maximum resources can be configured for one set
nrMaxSetsPerTrp	INTEGER ::= 2	-- Maximum resources set can be configured for one TRP

-- ASN1STOP

	NR-DL-PRS-Config field descriptions

	dl-PRS-Periodicity-and-ResourceSetSlotOffset
This field specifies the periodicity of DL PRS allocation in slots configured per DL PRS Resource Set and the slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs).

	dl-PRS-ResourceRepetitionFactor
This parameter controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set. It is applied to all resources of DL PRS Resource Set.

	dl-PRS-ResourceTimeGap
This parameter indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set. dl-PRS-ResourceTimeGap is provided only if dl-PRS-ResourceRepetitionFactor is configured and is greater than 1. The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity.

	dl-PRS-MutingPatternList
List of dl-PRS-MutingPattern, first entry is for Option 1 and second entry is for Option 2.
The following options are supported for the applicability of the bitmap.
•	Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
o	All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
•	Option 2: Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to dl-PRS-ResourceRepetitionFactor)
o	The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.

Bitmap size values: 2, 4, 6, 8, 16, 32 bits
Bit value "0" indicates a muted DL PRS transmission, and the value "1" indicates DL PRS transmission

UE can be configured with any of the following combinations of DL PRS muting options:
Option 1 only
Option 2 only
Option 1 and Option 2

	dl-PRS-MutingBitRepetitionFactor
This parameter indicates the configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource Set applicable to single bit of Option 1 Muting bitmap.

	dl-PRS-CombSizeN
This parameter indicates Resource element spacing in each symbol of DL PRS Resource. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize.

	dl-PRS-ReOffset
This parameter indicates Resource element (RE) offset in frequency domain for the first symbol in a DL PRS Resource. The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource.

	dl-PRS-ResourceSlotOffset
This parameters indicates points to starting slot of DL PRS Resource with respect to corresponding DL-PRS-ResourceSetSlotOffset.

	dl-PRS-QCL-Info
This parameter indicates QCL indication with other DL reference signals for serving and neighbouring cells.

	dl-PRS-SubcarrierSpacing
This parameter indicates Subcarrier Spacing for DL PRS Resource. 15, 30, 60 kHz for FR1; 60, 120 kHz for FR2.

	dl-PRS-ResourceBandwidth
This parameter indicates  the number of PRBs allocated for DL PRS Resource (allocated DL PRS bandwidth). All DL PRS Resources of the DL PRS Resource Set have the same bandwidth. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB.
Value 1 equals 24, value 2 equals to 28, value 3 equals to 32 and so on.

	dl-PRS-StartPRB
This parameter indicates start PRB index defined as offset with respect to reference DL PRS Point A configured for positioning frequency layer. 

	dl-PRS-PointA
This parameter indicates absolute frequency of the reference resource block for DL PRS. Its lowest subcarrier is also known as DL PRS Point A. A single Point A for DL PRS resource allocation is provided per positioning frequency layer.  All DL PRS Resources belonging to the same DL PRS Resource Set have common Point A.

	dl-PRS-CyclicPrefix
This parameter indicates Cyclic Prefix Type for DL PRS Resource.

	dl-PRS-NumSymbol
This parameter indicates the number of symbols per DL PRS Resource within a slot.

	dl-PRS-SequenceId
This parameter indicates the sequence Id used to initialize cinit value used in pseudo random generator TS38.211 [41], clause 5.2.1 for generation of DL PRS sequence for transmission on a given DL PRS Resource.

	nr-DL-PRS-SFN0-Offset
Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of reference TRP.

	nr-UL-SRS-PosResourceSetID
Indicates the SRS Resource Set ID that shall be used with the defined DL PRS Resource Set ID for UE Rx Tx measurements. If the field is absent, UE shall select the UL SRS resource Set ID as specified in TS 38.215.

	nr-UL-SRS-PosResourceID
Indicates the UL SRS Resource ID that shall be used with the defined DL PRS Resource ID for UE Rx Tx measurements. If the field is absent, UE shall select the UL SRS resource ID as specified in TS 38.215.

	sfn-Offset
This field specifies the SFN offset at the TRP antenna location between the reference TRP and this neighbour TRP.
The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of the reference TRP to the beginning of the closest subsequent radio frame #0 of this neighbour TRP.

	integerSubframeOffset
This field specifies the frame boundary offset at the TRP antenna location between the reference TRP and this neighbour TRP counted in full subframes.
The offset is counted from the beginning of a subframe #0 of the reference TRP to the beginning of the closest subsequent subframe #0 of this neighbour TRP, rounded down to multiples of subframes. 
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