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[bookmark: _Hlk506299356]Introduction
In RAN1#98, an LS was sent to RAN2 to inform about agreed reference signals, measurements and also some relation to positioning techniques for which the reference signals and associated measurements are intended to facilitate. The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2. The tables below from the LS provide mappings between reference signals and gNB measurements based on the latest status of the RAN1 discussion. 

	DL/UL Reference Signals 
	gNB Measurements 
	To facilitate support of the following positioning techniques 

	Rel.16 SRS for positioning 
	UL RTOA 
	UL-TDOA 

	Rel.16 SRS for positioning 
	UL SRS-RSRP 
	UL-TDOA, UL-AoA, Multi-RTT 

	Rel.16 SRS for positioning, Rel.16 DL PRS 
	gNB Rx-Tx time difference 
	Multi-RTT 

	Rel.16 SRS for positioning, 
	AoA and ZoA 
	UL-AoA, Multi-RTT 


 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID




Furthermore, RAN1 has summarized the NR positioning parameter status in [1]. In this contribution, we discuss the signalling design related to the RAN1 parameters and NR positioning support in Rel. 16 in general.

[bookmark: _Ref178064866]Discussion
Two fundamental discussions regarding the introduction of Rel. 16 NR positioning support in stage 3 RAN specification concerns
· Signalling design in LPP, especially whether the NR positioning support shall be handled per positioning method or via a general NR positioning measurements structure, but also capturing the NR DL-PRS details
· Signalling design in RRC to capture the Rel. 16 UL-SRS for positioning details
We will discuss these two concerns in the following two subsections and include text proposals in separate appendices. 
LPP Signalling Design
As for previous RATs, the ECID positioning method concerns measurements that are available due to other configured procedures and mechanisms, mainly for radio resource management. These measurements har configured via RRC and can either be reported via RRC or via LPP.
The existing ECID positioning method can be enhanced to include also support for NR measurements. 
[bookmark: _Toc20991001][bookmark: _Toc24042551][bookmark: _Toc24061010]Enhance ECID Positioning subsection of the Positioning Method IEs section in LPP to introduce support for Rel-16 NR ECID positioning
The NR RRC measurement reporting structure for measurement results is rather different compared to the LTE RRC measurement reporting structure. 
[bookmark: _Toc20991000][bookmark: _Toc24061046]	The LTE RRC and NR RRC measurement result reporting structures are significantly different
Therefore, it is not relevant to enhance existing information elements to support NR RRM measurements. Instead, we propose to introduce a new information element ECID-SignalMeasurementInformationNR in LPP to handle NR measurements made available due to NR RRC configuration.
[bookmark: _Toc20991002][bookmark: _Toc24042552][bookmark: _Toc24061011]Introduce a new information element to represent the NR ECID measurements
The NR RRC measurement scope also includes measurements per beam, associated to either SSB or CSI-RS. It also includes a more comprehensive cell global information. Furthermore, SFTD has been introduced to enable reporting of timing differences, which also is related to positioning. Moreover, UE Rx-Tx based on RRC-configured signals should also be reported as part of LPP NR ECID.
[bookmark: _Toc20991003][bookmark: _Toc24042553][bookmark: _Toc24061012]Introduce LPP NR ECID reporting of Rel-15 NR measurements, including measurements per beam associated to either SSB or CSI-RS, CGI and SFTD.
At RAN2#107bis, there was a comprehensive discussion about whether the Rel 16 NR positioning support shall be introduced by method or by a general positioning measurement structure. There were some concerns whether it was possible to introduce a general structure that is flexible enough to accommodate all agreements. A proposal in provided in the enclosed text proposal.
[bookmark: _Toc24061047]	It is indeed possible to define a generic positioning measurements-based structure
[bookmark: _Toc24061048]The generic structure in the text proposal is compact and flexible
Given that the main concern that was raised about feasibility and that the proposed measurement based structure is compact and flexible, we have the following proposals.
[bookmark: _Toc24042554][bookmark: _Toc24061013]Introduce a flexible NR positioning measurement structure to accommodate Rel. 16 NR positioning support.
[bookmark: _Toc24042555][bookmark: _Toc24061014]Introduce the subsection structure in Section 6.5.8 of the text proposal in LPP.
The final representation of DL-PRS needs to await the final RAN1 agreements. However, some things can be discussed already. For example, the hierarchy of the frequency layer, DL-PRS and TRP assistance data could be arranged as follows:

	FrequencyLayers (1..maxNoOfFreqLayers)
	All frequency layer parameters

TRPs (1..maxNoOfTRPs)
	ResourceSets (1..maxNoOfResourceSetsPerTRP)
		FrequencyLayerIndex
		ResourceSetID
		Resources (1..maxNoOfResPerResSet)
			ResourceID
			DL PRS SequenceID
			Etc

Static TRP Info (1..maxNoOfTRPs)
	TRP location
	TRP beam configuration

Dynamic TRP Info (1..maxNoOfTRPs)
	TRP relative time differences




From the hierarchy proposal, we derive the following proposals
[bookmark: _Toc24042556][bookmark: _Toc24061015]Introduce a frequency layer link per DL PRS resource set.
[bookmark: _Toc24042557][bookmark: _Toc24061016]Introduce one list of TRPs, where the first TRP in the list is considered as the reference TRP in the context where this matters
[bookmark: _Toc24042558][bookmark: _Toc24061017]The TRP index of the TRP list is enough reference to a specific TRP, since the TRPs are only well-defined with the assistance data. No long TRP ID attribute is needed, an index (1..no of listed TRPs) is enough. 
[bookmark: _Toc24042559][bookmark: _Toc24061018]Introduce separate lists with static and dynamic TRP information to enable a flexible handling of UE-based assistance data via broadcast, where it can be relevant to have different update rates for the static and dynamic parts
For compact measurement reporting it is relevant to enable a configuration where the timing measurements are aggregated per TRP. For clarity, it is important to define the aggregation methods, such as
· Strongest DL-PRS resource. Among all configured DL PRS resources of a TRP, the UE selects and reports the timing information associated to the DL PRS resource corresponding to the strongest DL-PRS RSRP
· DL PRS resource corresponding to the shortest Time of Flight. Among the configured resources of a TRP, the UE selects and reports the timing information associated to the DL PRS resource corresponding to the shortest ToF. This is the DL PRS resource that most likeliy corresponds to line of sight.
[bookmark: _Toc24042560][bookmark: _Toc24061019]Introduce timing measurement aggregation per TRP based on either strongest DL PRS resource of the DL PRS resource corresponding to the shortest time of flight.
Assume that there are N1 resources defined for resource set 1, and N2 resources defined for resource set 2. When reporting relative time difference measurements between resources of two resource sets, two alternative representations have been discussed in RAN1:
· Report relative time differences between all possible pairs of resources from the two resource sets. This corresponds to N1*N2 measurements of RSTD
· Define a reference resource per TRP. Report relative time difference between the reference resource of each resource set, and report the relative time difference between resources of the same resource set. This corresponds to 1 + (N1-1) + (N2-1) = N1 + N2 – 1 measurements of RSTD, where the intra resource set RSTDs also could be represented with fewer bits than the RSTD between reference resources of the resource sets.
  Clearly, the second alternative is more efficient.
[bookmark: _Toc24042561][bookmark: _Toc24061020]Define a reference resource per TRP. The UE can use a different reference resource compared to what the location server has proposed.
[bookmark: _Toc24042562][bookmark: _Toc24061021]Represent relative time measurements between reference resources between resource sets and between resources with the resource sets

RRC Signalling Design
RAN1 has sent parameter list for UL SRS configuration and further recommended that:
· [bookmark: _Toc24042563][bookmark: _Toc24061022]RAN1 assumes that the SRS for positioning configuration will be included in the RRC configuration of a UE and that it is up to RAN2 and RAN3 WG’s scope to analyze further the system level aspects along with any further work on the design of higher layer signaling.
From RAN2 perspective, we do not see any deviation or motivation to change this. If LPP and RRC happens to configure UL SRS simultaneously, UE may not be able to fulfil both the requirements. 
Further, one can reuse the existing SRS-Config for Positioning purpose.
An example ASN.1 is provided below.
Based upon the RAN1 table the parameters that has clear impact as compared to legacy UL SRS configurations are for below two; others are still FFS:
a) transmissionComb
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8} 

b) resourceMapping startPosition, resourceMapping nrofSymbols
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}

SRS-Config
The IE SRS-Config is used to configure sounding reference signal transmissions. The configuration defines a list of SRS-Resources and a list of SRS-ResourceSets. Each resource set defines a set of SRS-Resources. The network triggers the transmission of the set of SRS-Resources using a configured aperiodicSRS-ResourceTrigger (L1 DCI).
· SRS-Config information element
-- ASN1START
-- TAG-SRS-CONFIG-START

SRS-Config ::=                          SEQUENCE {
    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N
    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N
    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N
    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N
    tpc-Accumulation                        ENUMERATED {disabled}     OPTIONAL,   -- Need S
    ... ,
	srs-ResourceToAddModList-r16            SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource-v16xy      OPTIONAL   -- Need N

[bookmark: _GoBack]}

SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),
            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S
            ...,
            [[
            aperiodicSRS-ResourceTriggerList-v1530      SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))
                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M
            ]]
        },
        semi-persistent                         SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        },
        periodic                                SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook
            ...
        }
    },
    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},
    alpha                                   Alpha                                                       OPTIONAL, -- Need S
    p0                                      INTEGER (-202..24)                                          OPTIONAL, -- Cond Setup
    pathlossReferenceRS                     CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId
    }                                                                                                   OPTIONAL, -- Need M
    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S
    ...
}

SRS-ResourceSetId ::=                   INTEGER (0..maxNrofSRS-ResourceSets-1)

SRS-Resource ::=                        SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},
    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                       OPTIONAL,   -- Need R
    transmissionComb                        CHOICE {
        n2                                      SEQUENCE {
            combOffset-n2                           INTEGER (0..1),
            cyclicShift-n2                          INTEGER (0..7)
        },
        n4                                      SEQUENCE {
            combOffset-n4                           INTEGER (0..3),
            cyclicShift-n4                          INTEGER (0..11)
        }
    },
    resourceMapping                         SEQUENCE {
        startPosition                           INTEGER (0..5),
        nrofSymbols                             ENUMERATED {n1, n2, n4},
        repetitionFactor                        ENUMERATED {n1, n2, n4}
    },
    freqDomainPosition                      INTEGER (0..67),
    freqDomainShift                         INTEGER (0..268),
    freqHopping                             SEQUENCE {
        c-SRS                                   INTEGER (0..63),
        b-SRS                                   INTEGER (0..3),
        b-hop                                   INTEGER (0..3)
    },
    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            ...
        },
        semi-persistent                         SEQUENCE {
            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,
            ...
        },
        periodic                                SEQUENCE {
            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,
            ...
        }
    },
    sequenceId                              INTEGER (0..1023),
    spatialRelationInfo                     SRS-SpatialRelationInfo                                 OPTIONAL,   -- Need R
    ...
}

SRS-Resource-v16xy ::=                     SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},
    ptrs-PortIndex                          ENUMERATED {n0, n1 }      OPTIONAL,   -- Need R
    transmissionComb-r16                    CHOICE {
        n2                                      SEQUENCE {
            combOffset-n2                           INTEGER (0..1),
            cyclicShift-n2                          INTEGER (0..7)
        },
        n4                                      SEQUENCE {
            combOffset-n4                           INTEGER (0..3),
            cyclicShift-n4                          INTEGER (0..11)
        },
		n8                                      SEQUENCE {
            combOffset-n8                           INTEGER (0..7),
            cyclicShift-n8                          INTEGER (0..5)
        },
		
    },
    resourceMapping-r16                       SEQUENCE {
        startPosition                           INTEGER (0..13),
        nrofSymbols                             ENUMERATED {n1, n2, n4, n8, n12},
        repetitionFactor                        ENUMERATED {n1, n2, n4}
    },
    freqDomainPosition                      INTEGER (0..67),
    freqDomainShift                         INTEGER (0..268),
    freqHopping                             SEQUENCE {
        c-SRS                                   INTEGER (0..63),
        b-SRS                                   INTEGER (0..3),
        b-hop                                   INTEGER (0..3)
    },
    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            ...
        },
        semi-persistent                         SEQUENCE {
            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,
            ...
        },
        periodic                                SEQUENCE {
            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,
            ...
        }
    },
    sequenceId                              INTEGER (0..1023),
    spatialRelationInfo                     SRS-SpatialRelationInfo                                 OPTIONAL,   -- Need R
    ...
}


SRS-SpatialRelationInfo ::=     SEQUENCE {
    servingCellId                       ServCellIndex                                               OPTIONAL,   -- Need S
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}

SRS-ResourceId ::=                      INTEGER (0..maxNrofSRS-Resources-1)

SRS-PeriodicityAndOffset ::=            CHOICE {
    sl1                                     NULL,
    sl2                                     INTEGER(0..1),
    sl4                                     INTEGER(0..3),
    sl5                                     INTEGER(0..4),
    sl8                                     INTEGER(0..7),
    sl10                                    INTEGER(0..9),
    sl16                                    INTEGER(0..15),
    sl20                                    INTEGER(0..19),
    sl32                                    INTEGER(0..31),
    sl40                                    INTEGER(0..39),
    sl64                                    INTEGER(0..63),
    sl80                                    INTEGER(0..79),
    sl160                                   INTEGER(0..159),
    sl320                                   INTEGER(0..319),
    sl640                                   INTEGER(0..639),
    sl1280                                  INTEGER(0..1279),
    sl2560                                  INTEGER(0..2559)
}

-- TAG-SRS-CONFIG-STOP
-- ASN1STOP


[bookmark: _Toc20773989][bookmark: _Toc20773949][bookmark: _Toc20573750][bookmark: _Toc7379423][bookmark: _Toc7379407][bookmark: _Toc24042564][bookmark: _Toc24061023]Existing SRS-Config is taken as baseline for Positioning purpose.
UE Rx-Tx
A high precision serving cell RTT measurement is very valuable. It can be used for ECID or combined with angle of arrival measurements to achieve accurate single cell positioning. This could be done without implementing a PRS and without any coordination among network nodes. We therefore propose that the UE Rx-Tx time difference measurement in the serving cell should be supported based on the TRS in the DL and the SRS in the uplink. To allow a very simple implementation with minimal network signaling we propose that the UE Rx-Tx time difference measurement in the serving cell is configured by RRC. No new signaling is needed to configure the TRS since the TRS is already today configured by RRC for communication purposes. The simulation results show comparable performance with PRS.

[image: ][image: ]

[bookmark: _Toc24042565][bookmark: _Ref20316620][bookmark: _Toc24061024]The UE Rx-Tx time difference measurement in the serving cell should be supported based on Rel-15 signals TRS in the DL and the SRS in the uplink. 

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]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.

[image: ]
[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]RAN2 shall introduce some mechanism to mitigate effects from timing adjustments during measurement time windows for UE Rx-Tx measurements
Conclusion
In the previous sections we made the following observations: 
Observation 1	The LTE RRC and NR RRC measurement result reporting structures are significantly different
Observation 2	It is indeed possible to define a generic positioning measurements-based structure
Observation 3	The generic structure in the text proposal is compact and flexible


Based on the discussion in the previous sections we propose the following:
Proposal 1	Enhance ECID Positioning subsection of the Positioning Method IEs section in LPP to introduce support for Rel-16 NR ECID positioning
Proposal 2	Introduce a new information element to represent the NR ECID measurements
Proposal 3	Introduce LPP NR ECID reporting of Rel-15 NR measurements, including measurements per beam associated to either SSB or CSI-RS, CGI and SFTD.
Proposal 4	Introduce a flexible NR positioning measurement structure to accommodate Rel. 16 NR positioning support.
Proposal 5	Introduce the subsection structure in Section 6.5.8 of the text proposal in LPP.
Proposal 6	Introduce a frequency layer link per DL PRS resource set.
Proposal 7	Introduce one list of TRPs, where the first TRP in the list is considered as the reference TRP in the context where this matters
Proposal 8	The TRP index of the TRP list is enough reference to a specific TRP, since the TRPs are only well-defined with the assistance data. No long TRP ID attribute is needed, an index (1..no of listed TRPs) is enough.
Proposal 9	Introduce separate lists with static and dynamic TRP information to enable a flexible handling of UE-based assistance data via broadcast, where it can be relevant to have different update rates for the static and dynamic parts
Proposal 10	Introduce timing measurement aggregation per TRP based on either strongest DL PRS resource of the DL PRS resource corresponding to the shortest time of flight.
Proposal 11	Define a reference resource per TRP. The UE can use a different reference resource compared to what the location server has proposed.
Proposal 12	Represent relative time measurements between reference resources between resource sets and between resources with the resource sets
Proposal 13	Existing SRS-Config is taken as baseline for Positioning purpose.
Proposal 14	The UE Rx-Tx time difference measurement in the serving cell should be supported based on Rel-15 signals TRS in the DL and the SRS in the uplink.
Proposal 15	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 16	RAN2 shall introduce some mechanism to mitigate effects from timing adjustments during measurement time windows for UE Rx-Tx measurements

[bookmark: _In-sequence_SDU_delivery]References
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3	Definitions and Abbreviations
[bookmark: _Toc12618163]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1], TS 36.305 [2] and TS 23.271 [3] apply. Other definitions are provided below.
Anchor carrier: In NB-IoT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted.
Location Server: a physical or logical entity (e.g., E-SMLC or SUPL SLP) that manages positioning for a target device by obtaining measurements and other location information from one or more positioning units and providing assistance data to positioning units to help determine this. A Location Server may also compute or verify the final location estimate.
NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 200 kHz.
Reference Source: a physical entity or part of a physical entity that provides signals (e.g., RF, acoustic, infra-red) that can be measured (e.g., by a Target Device) in order to obtain the location of a Target Device.
Target Device: the device that is being positioned (e.g., UE or SUPL SET).
Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one cell or one PRS-only TP. Transmission Points can include base station (eNodeB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
Observed Time Difference Of Arrival (OTDOA): The time interval that is observed by a target device between the reception of downlink signals from two different TPs. If a signal from TP 1 is received at the moment t1, and a signal from TP 2 is received at the moment t2, the OTDOA is t2 – t1.
PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell.
[bookmark: _Toc12618164]Relative Time Difference (RTD): The relative time difference between two TRPs in terms of the well defined time reference start of a downlink radio frame.	
3.2	Abbreviations
For the purposes of the present document, the following abbreviations apply.
ADR	Accumulated Delta-Range
A‑GNSS	Assisted‑GNSS
AP	Access Point
ARFCN	Absolute Radio Frequency Channel Number
ARP	Antenna Reference Point
BDS	BeiDou Navigation Satellite System
BSSID	Basic Service Set Identifier
BTS	Base Transceiver Station (GERAN)
CID	Cell-ID (positioning method)
CNAV	Civil Navigation
CRS	Cell-specific Reference Signals
DL-AOD	Downlink Angle Of Departure
DL-TDOA	Downlink Time Difference Of Arrival
ECEF	Earth-Centered, Earth-Fixed
ECGI	Evolved Cell Global Identifier
ECI	Earth-Centered-Inertial
E‑CID	Enhanced Cell-ID (positioning method)
EGNOS	European Geostationary Navigation Overlay Service
E-SMLC	Enhanced Serving Mobile Location Centre
E-UTRAN	Evolved Universal Terrestrial Radio Access Network
EOP	Earth Orientation Parameters
EPDU	External Protocol Data Unit
FDMA	Frequency Division Multiple Access
FEC	Forward Error Correction
FKP	(German) Flächen-Korrektur-Parameter (area correction parameter)
FTA	Fine Time Assistance
GAGAN	GPS Aided Geo Augmented Navigation
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GNSS	Global Navigation Satellite System
GPS	Global Positioning System
HA GNSS	High-Accuracy GNSS (RTK, PPP)
ICD	Interface Control Document
IGS	International GNSS Service
IOD	Issue of Data
IS	Interface Specification
LLA	Latitude Longitude Altitude 
LMF	Location Management Function

LPP	LTE Positioning Protocol
LPPa	LTE Positioning Protocol Annex
LSB	Least Significant Bit
MAC	Master Auxiliary Concept
MBS	Metropolitan Beacon System
MO-LR	Mobile Originated Location Request
MSAS	Multi-functional Satellite Augmentation System
MSB	Most Significant Bit
msd	mean solar day
MT-LR	Mobile Terminated Location Request
NAV	Navigation
NB-IoT	NarrowBand Internet of Things
NCGI	NR Cell Global Identifier 
NICT	National Institute of Information and Communications Technology
NI-LR	Network Induced Location Request
NPRS	Narrowband Positioning Reference Signals
NR	NR Radio Access
NRSRP	Narrowband Reference Signal Received Power
NRSRQ	Narrowband Reference Signal Received Quality
NTSC	National Time Service Center of Chinese Academy of Sciences
OSR	Observation Space Representation
OTDOA	Observed Time Difference Of Arrival
PDU	Protocol Data Unit
PPP	Precise Point Positioning
PRB	Physical Resource Block
PRC	Pseudo‑Range Correction
PRS	Positioning Reference Signals
posSIB	Positioning System Information Block
PZ-90	Parametry Zemli 1990 Goda – Parameters of the Earth Year 1990
QZS	Quasi Zenith Satellite
QZSS	Quasi-Zenith Satellite System
QZST	Quasi-Zenith System Time
RF	Radio Frequency
RRC	Range‑Rate Correction
Radio Resource Control
RSRP	Reference Signal Received Power
RSRQ	Reference Signal Received Quality
RSTD	Reference Signal Time Difference
RTK	Real-Time Kinematic
RTT	Round Trip Time
RU	Russia
SBAS	Space Based Augmentation System
SET	SUPL Enabled Terminal
SFN	System Frame Number
SLP	SUPL Location Platform
SSID	Service Set Identifier
SSR	State Space Representation
SUPL	Secure User Plane Location
SV	Space Vehicle
TB	Terrestrial Beacon
TBS	Terrestrial Beacon System
TLM	Telemetry 
TOA	Time Of Arrival
TOD	Time Of Day
TOW	Time Of Week
TP	Transmission Point
UDRE	User Differential Range Error
ULP	User Plane Location Protocol
USNO	US Naval Observatory
UT1	Universal Time No.1
UTC	Coordinated Universal Time
WAAS	Wide Area Augmentation System
WGS‑84	World Geodetic System 1984
WLAN	Wireless Local Area Network
4 Functionality of Protocol
[bookmark: _Toc12618166]4.1	General
[bookmark: _Toc12618167]4.1.1	LPP Configuration
LPP is used point-to-point between a location server (E-SMLC, LMF or SLP) and a target device (UE or SET) in order to position the target device using position-related measurements obtained by one or more reference sources. Figure 4.1.1-1 shows the configuration as applied to the control- and user-plane location solutions for E-UTRAN (as defined in TS 36.305 [2] and TS 23.271 [3]).
NB-IoT is a non-backward compatible variant of E-UTRAN supporting a reduced set of functionalities. In this specification, procedures and messages specified for the UE equally apply to the UE in NB-IoT.
1 

Figure 4.1.1-1: LPP Configuration for Control- and User-Plane Positioning in E-UTRAN
[bookmark: _Toc12618168]4.1.2	LPP Sessions and Transactions
An LPP session is used between a Location Server and the target device in order to obtain location related measurements or a location estimate or to transfer assistance data. A single LPP session is used to support a single location request (e.g., for a single MT-LR, MO-LR or NI-LR). Multiple LPP sessions can be used between the same endpoints to support multiple different location requests (as required by TS 23.271 [3]). Each LPP session comprises one or more LPP transactions, with each LPP transaction performing a single operation (capability exchange, assistance data transfer, or location information transfer). In E-UTRAN and NR the LPP transactions are realized as LPP procedures. The instigator of an LPP session will always instigate the first LPP transaction, but subsequent transactions may be instigated by either end. LPP transactions within a session may occur serially or in parallel. LPP transactions are indicated at the LPP protocol level with a transaction ID in order to associate messages with one another (e.g., request and response).
Messages within a transaction are linked by a common transaction identifier.
[bookmark: _Toc12618169]4.1.3	LPP Position Methods
Internal LPP positioning methods and associated signalling content are defined in this specification.
This version of the specification defines OTDOA (based on LTE signals), A-GNSS, E-CID (for LTE and NR), Sensor, TBS, WLAN and Bluetooth positioning methods, as well as measurements to realize the NR methods DL-TDOA, DL-AOD and Multi-RTT.
[bookmark: _Toc12618217]6.3	Message Body IEs
[bookmark: _Toc12618218]–	RequestCapabilities
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The RequestCapabilities message body in a LPP message is used by the location server to request the target device capability information for LPP and the supported individual positioning methods.
-- ASN1START

RequestCapabilities ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestCapabilities-r9		RequestCapabilities-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		CommonIEsRequestCapabilities		OPTIONAL,	-- Need ON
	a-gnss-RequestCapabilities			A-GNSS-RequestCapabilities			OPTIONAL,	-- Need ON
	otdoa-RequestCapabilities			OTDOA-RequestCapabilities			OPTIONAL,	-- Need ON
	ecid-RequestCapabilities			ECID-RequestCapabilities			OPTIONAL,	-- Need ON
	epdu-RequestCapabilities			EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[	sensor-RequestCapabilities-r13	Sensor-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		tbs-RequestCapabilities-r13		TBS-RequestCapabilities-r13			OPTIONAL,	-- Need ON
		wlan-RequestCapabilities-r13	WLAN-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		bt-RequestCapabilities-r13		BT-RequestCapabilities-r13			OPTIONAL	-- Need ON
	]] ,
	[[	
	nr-posMeas-RequestCapabilities-r16	NR-PosMeas-RequestCapabilities-r16	OPTIONAL,	-- Need ON
	]]


}

-- ASN1STOP

[bookmark: _Toc12618219]–	ProvideCapabilities
The ProvideCapabilities message body in a LPP message indicates the LPP capabilities of the target device to the location server.
-- ASN1START

ProvideCapabilities ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideCapabilities-r9		ProvideCapabilities-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsProvideCapabilities		CommonIEsProvideCapabilities		OPTIONAL,
	a-gnss-ProvideCapabilities			A-GNSS-ProvideCapabilities			OPTIONAL,
	otdoa-ProvideCapabilities			OTDOA-ProvideCapabilities			OPTIONAL,
	ecid-ProvideCapabilities			ECID-ProvideCapabilities			OPTIONAL,
	epdu-ProvideCapabilities			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-ProvideCapabilities-r13	Sensor-ProvideCapabilities-r13		OPTIONAL,
		tbs-ProvideCapabilities-r13		TBS-ProvideCapabilities-r13			OPTIONAL,
		wlan-ProvideCapabilities-r13	WLAN-ProvideCapabilities-r13		OPTIONAL,
		bt-ProvideCapabilities-r13		BT-ProvideCapabilities-r13			OPTIONAL
	]] ,
	[[	
	nr-posMeas-ProvideCapabilities-r16	NR-PosMeas-ProvideCapabilities-r16	OPTIONAL,
	]]


}

-- ASN1STOP

[bookmark: _Toc12618220]–	RequestAssistanceData
The RequestAssistanceData message body in a LPP message is used by the target device to request assistance data from the location server.
-- ASN1START

RequestAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestAssistanceData-r9	RequestAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsRequestAssistanceData		CommonIEsRequestAssistanceData		OPTIONAL,
	a-gnss-RequestAssistanceData		A-GNSS-RequestAssistanceData		OPTIONAL,
	otdoa-RequestAssistanceData			OTDOA-RequestAssistanceData			OPTIONAL,
	epdu-RequestAssistanceData			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-RequestAssistanceData-r14
										Sensor-RequestAssistanceData-r14	OPTIONAL,
		tbs-RequestAssistanceData-r14	TBS-RequestAssistanceData-r14		OPTIONAL,
		wlan-RequestAssistanceData-r14	WLAN-RequestAssistanceData-r14		OPTIONAL
	]] ,
	[[	
	nr-posMeas-RequestAssistanceData-r16	NR-posMeas-RequestAssistanceData-r16	OPTIONAL,
	]]


}

-- ASN1STOP

[bookmark: _Toc12618221]–	ProvideAssistanceData
The ProvideAssistanceData message body in a LPP message is used by the location server to provide assistance data to the target device either in response to a request from the target device or in an unsolicited manner.
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideAssistanceData-r9	ProvideAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsProvideAssistanceData		CommonIEsProvideAssistanceData		OPTIONAL,	-- Need ON
	a-gnss-ProvideAssistanceData		A-GNSS-ProvideAssistanceData		OPTIONAL,	-- Need ON
	otdoa-ProvideAssistanceData			OTDOA-ProvideAssistanceData			OPTIONAL,	-- Need ON
	epdu-Provide-Assistance-Data		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-ProvideAssistanceData-r14	Sensor-ProvideAssistanceData-r14	OPTIONAL,	-- Need ON
	tbs-ProvideAssistanceData-r14		TBS-ProvideAssistanceData-r14		OPTIONAL,	-- Need ON
	wlan-ProvideAssistanceData-r14		WLAN-ProvideAssistanceData-r14		OPTIONAL	-- Need ON
	]] ,
	[[
	nr-posMeas-ProvideAssistanceData-r16	NR-posMeas-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
	]]

}


-- ASN1STOP

	ProvideAssistanceData field descriptions

	commonIEsProvideAssistanceData
This IE is provided for future extensibility and should not be included in this version of the protocol.



[bookmark: _Toc12618222]–	RequestLocationInformation
The RequestLocationInformation message body in a LPP message is used by the location server to request positioning measurements or a position estimate from the target device.
-- ASN1START

RequestLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestLocationInformation-r9	RequestLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsRequestLocationInformation
										CommonIEsRequestLocationInformation	OPTIONAL,	-- Need ON
	a-gnss-RequestLocationInformation	A-GNSS-RequestLocationInformation	OPTIONAL,	-- Need ON
	otdoa-RequestLocationInformation	OTDOA-RequestLocationInformation	OPTIONAL,	-- Need ON
	ecid-RequestLocationInformation		ECID-RequestLocationInformation		OPTIONAL,	-- Need ON
	epdu-RequestLocationInformation		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-RequestLocationInformation-r13
										Sensor-RequestLocationInformation-r13
																			OPTIONAL,	-- Need ON
	tbs-RequestLocationInformation-r13	TBS-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	wlan-RequestLocationInformation-r13	WLAN-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	bt-RequestLocationInformation-r13	BT-RequestLocationInformation-r13	OPTIONAL	-- Need ON
	]] ,
	[[
 	nr-posMeas-RequestLocationInformation-r16 
										NR-PosMeas-RequestLocationInformation-r16	OPTIONAL, -- Need ON
	]]


}

-- ASN1STOP

	RequestLocationInformation field descriptions

	commonIEsRequestLocationInformation
This field specifies the location information type requested by the location server and optionally other configuration information associated with the requested location information. This field should always be included in this version of the protocol.



[bookmark: _Toc12618223]–	ProvideLocationInformation
The ProvideLocationInformation message body in a LPP message is used by the target device to provide positioning measurements or position estimates to the location server.
-- ASN1START

ProvideLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideLocationInformation-r9	ProvideLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,
	otdoa-ProvideLocationInformation	OTDOA-ProvideLocationInformation	OPTIONAL,
	ecid-ProvideLocationInformation		ECID-ProvideLocationInformation		OPTIONAL,
	epdu-ProvideLocationInformation		EPDU-Sequence						OPTIONAL,
	...,
	[[
	sensor-ProvideLocationInformation-r13
										Sensor-ProvideLocationInformation-r13
																			OPTIONAL,
	tbs-ProvideLocationInformation-r13	TBS-ProvideLocationInformation-r13	OPTIONAL,
	wlan-ProvideLocationInformation-r13	WLAN-ProvideLocationInformation-r13	OPTIONAL,
	bt-ProvideLocationInformation-r13	BT-ProvideLocationInformation-r13	OPTIONAL
	]] ,
	[[
	nr-posMeas-ProvideLocationInformation-r16	NR-posMeas-ProvideLocationInformation-r16	OPTIONAL,
	]]


}

-- ASN1STOP

[bookmark: _Toc12618224]–	Abort
The Abort message body in a LPP message carries a request to abort an ongoing LPP procedure.
-- ASN1START

Abort ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			abort-r9		Abort-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

Abort-r9-IEs ::= SEQUENCE {
	commonIEsAbort		CommonIEsAbort			OPTIONAL,	-- Need ON
	...,
	epdu-Abort			EPDU-Sequence			OPTIONAL	-- Need ON
}

-- ASN1STOP

[bookmark: _Toc12618225]–	Error
The Error message body in a LPP message carries information concerning a LPP message that was received with errors.
-- ASN1START

Error ::= CHOICE {
	error-r9					Error-r9-IEs,
	criticalExtensionsFuture	SEQUENCE {}
}

Error-r9-IEs ::= SEQUENCE {
	commonIEsError		CommonIEsError			OPTIONAL,	-- Need ON
	...,
	epdu-Error			EPDU-Sequence			OPTIONAL	-- Need ON
}

-- ASN1STOP

[bookmark: _Toc12618256]***** End of change *****
***** Start of change *****
[bookmark: _Toc12618450]6.5.3	Enhanced Cell ID Positioning
[bookmark: _Toc12618451]6.5.3.1	E‑CID Location Information
[bookmark: _Toc12618452]–	ECID-ProvideLocationInformation
The IE ECID-ProvideLocationInformation is used by the target device to provide E‑CID location measurements to the location server. It may also be used to provide ECID positioning specific error reason.
-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {
	ecid-SignalMeasurementInformation	ECID-SignalMeasurementInformation		OPTIONAL,
	ecid-Error							ECID-Error								OPTIONAL,
	... ,
[[ ecid-SignalMeasurementInformationNR-r16	ECID-SignalMeasurementInformationNR-r16		OPTIONAL
]]

}

-- ASN1STOP

[bookmark: _Toc12618453]6.5.3.2	E‑CID Location Information Elements
[bookmark: _Toc12618454]–	ECID-SignalMeasurementInformation
The IE ECID-SignalMeasurementInformation is used by the target device to provide various UE‑measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformation ::= SEQUENCE {
	primaryCellMeasuredResults	MeasuredResultsElement	OPTIONAL,
	measuredResultsList			MeasuredResultsList,
	...
}

MeasuredResultsList ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsElement

MeasuredResultsElement ::= SEQUENCE {
	physCellId						INTEGER (0..503),
	cellGlobalId					CellGlobalIdEUTRA-AndUTRA	OPTIONAL,
	arfcnEUTRA						ARFCN-ValueEUTRA,
	systemFrameNumber				BIT STRING (SIZE (10))		OPTIONAL,
	rsrp-Result						INTEGER (0..97)				OPTIONAL,
	rsrq-Result						INTEGER (0..34)				OPTIONAL,
	ue-RxTxTimeDiff					INTEGER (0..4095)			OPTIONAL,
	...,
	[[	arfcnEUTRA-v9a0				ARFCN-ValueEUTRA-v9a0		OPTIONAL		-- Cond EARFCN-max
	]],
	[[	nrsrp-Result-r14			INTEGER (0..113)			OPTIONAL,
		nrsrq-Result-r14			INTEGER (0..74)				OPTIONAL,
		carrierFreqOffsetNB-r14		CarrierFreqOffsetNB-r14		OPTIONAL,		-- Cond NB-IoT
		hyperSFN-r14				BIT STRING (SIZE (10))		OPTIONAL
	]],
	[[
		rsrp-Result-v1470			INTEGER (-17..-1)			OPTIONAL,
		rsrq-Result-v1470			INTEGER (-30..46)			OPTIONAL
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	EARFCN-max
	The field is mandatory present if the corresponding arfcnEUTRA (i.e. without suffix) is set to maxEARFCN. Otherwise the field is not present.

	NB-IoT
	The field is mandatory present if the measured cell is a NB-IoT cell. Otherwise it is not present.



	ECID-SignalMeasurementInformation field descriptions

	primaryCellMeasuredResults
This field contains measurements for the primary cell (if the primary cell is a E-UTRA or NB-IoT cell), when the target device reports measurements for both primary cell (E-UTRA or NB-IoT) and neighbour cells. This field shall be omitted when the target device reports measurements for the primary cell (E-UTRA or NB-IoT) only, in which case the measurements for the primary cell (E-UTRA or NB-IoT) is reported in the measuredResultsList. This field shall be omitted when the primary cell is not a E-UTRA or NB-IoT cell.

	measuredResultsList
This list contains the E‑CID measurements for up to 32 E-UTRA or NB-IoT cells.

	physCellId
This field specifies the physical cell identity of the measured cell.

	cellGlobalId
This field specifies cell global ID of the measured cell. The target device shall provide this field if it was able to determine the ECGI of the measured cell at the time of measurement.

	arfcnEUTRA
This field specifies the ARFCN of the measured E-UTRA carrier frequency, as defined in TS 36.331 [12]. In case the target device includes arfcnEUTRA-v9a0, the target device shall set the corresponding arfcnEUTRA (i.e. without suffix) to maxEARFCN.

	systemFrameNumber
This field specifies the system frame number of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the SFN of the cell at the time of measurement.

	rsrp-Result
This field specifies the reference signal received power (RSRP) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrp-Result-v1470, the target device shall set the corresponding rsrp-Result (i.e. without suffix) to value 0.

	rsrq-Result
This field specifies the reference signal received quality (RSRQ) measurement, as defined in TS 36.331 [12], TS 36.214 [17]. In case the target device includes rsrq-Result-v1470, the target device shall set the corresponding rsrq-Result (i.e. without suffix) to value 0 or 34.

	ue-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 36.214 [17]. It is provided only for measurements on the UE's primary cell.
Measurement report mapping is according to TS 36.133 [18]. 

	nrsrp-Result
This field specifies the narrowband reference signal received power (NRSRP) measurement, as defined in TS 36.214 [17]. Measurement report mapping is according to TS 36.133 [18].

	nrsrq-Result
This field specifies the narrowband reference signal received quality (NRSRQ) measurement, as defined in TS 36.214 [17].
Measurement report mapping to the value defined in TS 36.133 [18]. Values 0..29 map to values
NRSRQ_-30..NRSRQ_-1. Values 30..62 map to NRSRQ_01..NRSRQ_33. Values 63..74 map to NRSRQ_35..NRSRQ_46. The UE does not report NRSRQ_00 nor NRSRQ_34.

	carrierFreqOffsetNB
This field specifies the offset of the NB-IoT channel number to ARFCN given by arfcnEUTRA as defined in TS 36.101 [21].

	hyperSFN
This field specifies the hyper-SFN of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the hyper-SFN of the cell at the time of measurement.




	ECID-SignalMeasurementInformation field descriptions

	primaryCellNRMeasuredResults
This field contains measurements for the NR primary cell, when the target device reports measurements for both primary cell and NR neighbour cells. This field shall be omitted when the target device reports measurements for the NR primary cell only, in which case the measurements for the NR primary cell is reported in the measuredResultsNRList. This field shall be omitted when the primary cell is not an NR cell.

	measuredResultsList
This list contains the E‑CID measurements for up to 32 NR cells.

	physCellIdNR
This field specifies the physical cell identity of the measured cell.

	measResultNR
Measured results of an NR cell.

	noSIB1
Contains ssb-SubcarrierOffset and pdcch-ConfigSIB1 fields acquired by the UE from MIB of the cell for which report CGI procedure was requested by the network in case SIB1 was not broadcast by the cell.

	plmn-IdentityInfoList
The plmn-IdentityInfoList contains a list of one or more PLMN Identities and additional information associated with those PLMNs. The total number of PLMNs in the PLMN-IdentityInfoList does not exceed 12. The parameter is defined in TS 36.331 [12] as PLMN-IdentityInfoList. The first/leftmost bit of the first octet contains the most significant bit.

	frequencyBandList
List of one or multiple frequency bands to which this carrier(s) belongs. The parameter is defined in TS 36.331 [12] as MultiFrequencyBandListNR. The first/leftmost bit of the first octet contains the most significant bit.

	ssb-SubcarrierOffset
Corresponds to kSSB (see TS 38.213 [13]), which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. (See TS 38.211 [16], clause 7.4.3.1).
The value range of this field may be extended by an additional most significant bit encoded within PBCH as specified in TS 38.213 [13].
This field may indicate that this cell does not provide SIB1 and that there is hence no CORESET#0 configured in MIB (see TS 38.213 [13], clause 13). In this case, the field pdcch-ConfigSIB1 may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1 (see TS 38.213 [13], clause 13). The parameter is defined in TS 36.331 [12] as PDCCH-ConfigSIB1. The first/leftmost bit of the first octet contains the most significant bit.

	pdcch-ConfigSIB1
Determines a common ControlResourceSet (CORESET), a common search space and necessary PDCCH parameters. If the field ssb-SubcarrierOffset indicates that SIB1 is absent, the field pdcch-ConfigSIB1 indicates the frequency positions where the UE may find SS/PBCH block with SIB1 or the frequency range where the network does not provide SS/PBCH block with SIB1 (see TS 38.213 [13], clause 13).

	ue-RxTxTimeDiff
This field specifies the UE Rx–Tx time difference measurement, as defined in TS 36.214 [17]. It is provided only for measurements on the UE's primary cell.
Measurement report mapping is according to TS 36.133 [18]. 

	measResultCellListSFTD-NR
SFTD measurement results between the PCell and the NR neighbour cell(s) in NR standalone.




–	ECID-SignalMeasurementInformationNR
The IE ECID-SignalMeasurementInformationNR is used by the target device to provide various UE NR measurements to the location server.
-- ASN1START

ECID-SignalMeasurementInformationNR-r16 ::= SEQUENCE {
	primaryCellNRMeasuredResults-r16	MeasuredResultsNRElement-r16			OPTIONAL,
	measuredResultsNRList-r16			MeasuredResultsNRList-r16,
	measResultCellListSFTD-NR-r16		MeasResultCellListSFTD-NR-r16			OPTIONAL
	...
}

MeasuredResultsNRList-r16 ::= SEQUENCE (SIZE(1..32)) OF MeasuredResultsNRElement-r16

MeasuredResultsNRElement-r16 ::= SEQUENCE {
	physCellIdNR-r16				INTEGER (0..1007),
	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
		}																		OPTIONAL
	},
    cgi-InfoNR-r16					NCGI-r15					OPTIONAL
	ue-RxTxTimeDiff-r16				INTEGER (0..4095)			OPTIONAL,
}

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


CGI-InfoNR-r16 ::=	SEQUENCE {
	plmn-IdentityInfoList-r16			OCTET STRING				OPTIONAL,
	frequencyBandList-r16				OCTET STRING				OPTIONAL,
	noSIB1								SEQUENCE {
		ssb-SubcarrierOffset-r16		INTEGER (0..15),
		pdcch-ConfigSIB1-r16			OCTET STRING
    }																OPTIONAL,
    ...
}


-- ASN1STOP

	Conditional presence
	Explanation

	
	



	MeasResultNR field descriptions

	cellResults
Cell level measurement results.

	physCellId
The physical cell identity of the NR cell for which the reporting is being performed.

	resultsSSB-Cell
Cell level measurement results based on SS/PBCH related measurements.

	resultsSSB-Indexes
Beam level measurement results based on SS/PBCH related measurements.

	resultsCSI-RS-Cell
Cell level measurement results based on CSI-RS related measurements.

	resultsCSI-RS-Indexes
Beam level measurement results based on CSI-RS related measurements.

	rsIndexResults
Beam level measurement results.



[…]
[bookmark: _Toc20425688]6.5.8	NR Positioning Measurements
This subclause defines the information elements for downlink NR positioning measurements based on DL-PRS signals (TS 38.305 [xx]).
6.5.8.1	NR Positioning Measurements Assistance Data
–	NR-PosMeas-ProvideAssistanceData
The IE NR-PosMeas-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted and UE-based downlink NR positioning measurements and NR positioning measurements specific error reason.
-- ASN1START

NR-PosMeas-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-PosFreqLayerInfo-r16		NR-PosFreqLayerInfo-r16,
	nr-TRS-PrsInfo-r16			NR-TRS-PRS-Info-r16		OPTIONAL,	-- Need ON
	nr-TRS-staticInfo-r16		NR-TRS-StaticInfo-r16	OPTIONAL,	-- Cond UEB
	nr-TRS-dynamicInfo-r16		NR-TRS-DynamicInfo-r16	OPTIONAL,	-- Cond UEB
	nr-posMeas-Error-r16		NR-PosMeas-Error-r16	OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	UEB
	This field is mandatory present if the target device is configured for UE-based NR positioning. Note 1.



NOTE 1: 	UE-based NR positioning is supported for DL-only positioning methods in this release of the specification.

	NR-PosMeas-ProvideAssistanceData field descriptions

	nr-PosFreqLayerInfo
This field specifies the NR positioning frequency layers.

	nr-TRS-PrsInfo
This field specifies the DL-PRS information for a list of TRPs.

	nr-TRS-staticInfo
This field specifies static TRP information to enable UE-based positioning. This TRP list is of the same length as the list nr-TRP-PrsInfo, and two corresponding elements in the lists are associated to the same TRP.

	nr-TRS-dynamicInfo
This field specifies dynamic TRP information to enable UE-based positioning. This TRP list is of the same length as the list nr-TRP-PrsInfo, and two corresponding elements in the lists are associated to the same TRP.

	nr-posMeas-Error
This field specifies errors specific for NR positioning measurements.



6.5.8.2	NR Positioning Measurements Assistance Data Elements
[bookmark: _Hlk24027743]–	NR-PosFreqLayerInfo
The IE NR-PosFreqLayerInfo is used to provide configuration information for NR positioning frequency layers. 
-- ASN1START

NR-PosFreqLayerInfo-r16 ::= SEQUENCE {SIZE (1..maxPosFreqLayers-r16)) OF 
														NR-PosFreqLayerElement-r16

NR-PosFreqLayerElement-r16 ::= SEQUENCE {
	dL-PRS-SubcarrierSpacing-r16		ENUMERATED {kHz15, kHz30, kHz60, kHz120},
	dL-PRS-PointA-r16					ARFCN-ValueNR-r15,
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	
	



	NR-PosFreqLayerInfo field descriptions

	

	

	


–	NR-TRS-PRS-Info
The IE NR-PRS-TRS-Info is used to provide DL-PRS configuration information for NR TRPs. 
NOTE: 	This IE provides DL-PRS configuration information for a list of TRPs. The first TRP in the list can be seen by the target device as a proposed reference TRP in configurations where a reference TRP has a meaning. The index of an entry in IE NR-TRP-PRS-Info will be used to reference to individual elements, where index value 1 corresponds to a proposed reference TRP.

-- ASN1START

NR-TRP-PRS-Info-r16 ::= SEQUENCE {SIZE (1..nrMaxTRP-r16)) OF 
														NR-TRP-PRS-InfoElement-r16

NR-TRP-PRS-InfoElement-r16 ::= SEQUENCE {
	nr-PRS-ResourceSets-r16			NR-PRS-ResourceSets-r16,
	nrPhysCellId-r16				INTEGER (0..1007)		OPTIONAL,
	nr-expectedRSTD-r16				INTEGER (FFS)			OPTIONAL,	-- Cond TOAmeas 
	nr-expectedRSTD-Uncertainty-r16	INTEGER (FFS)			OPTIONAL,	-- Cond TOAmeas

	...
}

NR-PRS-ResourceSets-r16 ::= SEQUENCE {SIZE (1..nrMaxPrsResourceSets-r16)) OF 
														NR-PRS-ResourceSet-Info-r16

nrMaxTRP 					INTEGER ::= FFS   -- Max nummber of TRPs
nrMaxPrsResourceSets-r16	INTEGER ::= FFS   -- Max nummber of PRS resource Sets per TRP


-- ASN1STOP

	Conditional presence
	Explanation

	TOAmeas
	The field, except for the first element in the list, is mandatory present when measurements based on TOA measurements are configured; otherwise it is not present (Need ON).



	NR-DL-TRS-PRS field descriptions

	nr-PRS-ResourceSets
This field specifies the information about the DL-PRS resource sets.

	

	



–	NR-PRS-ResourceSet-Info
The IE NR-PRS-ResourceSet-Info provides configuration of a DL-PRS resource set.
NOTE: 	TBD

-- ASN1START


NR-PRS-ResourceSet-Info-r16 ::= SEQUENCE {
	nr-prsResourceSetID-r16				INTEGER (0..FFS),
	nr-PosFreqLayerIndex				INTEGER (1.. maxPosFreqLayers-r16),
	nr-PRS-Resources-r16				NR-PRS-Resources-r16
	nr-prsResourceBandwidth-r16			INTEGER (0..62), 		-- FFS placement
	nr-prsStartPRB-r16					INTEGER(0..2176), 		-- FFS placement
	nr-prsSFN0-Offset-r16				INTEGER (1..FFS),			-- FFS us, FFS placement
	ss-PBCH-BlockPower-r16				INTEGER (-60..50),  		-- FFS placement
	nr-prsPeriodicity-r16				ENUMERATED {s4, s5, s8, s10, s16, s20, s32, s40, s64, 
													s80, s160, s320, s640, s1280, s2560, s5120, 
													s10240, s20480},
	nr-prsResourceRepetitionFactor-r16	ENUMERATED {n1, n2, n4, n6, n8, n16, n32},
	nr-prsResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32},
	nr-prsResourceSetSlotOffset-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),
			n20480-r16						INTEGER (0..20479),
		},
	nr-prsNumSymbols-r16				ENUMERATED {n2, n4, n6},	-- FFS on {1, 3, 8, 12}
	nr-prs-MutingInfo-r16			CHOICE {
			po2-r16							BIT STRING (SIZE(2)),
			po4-r16							BIT STRING (SIZE(4)),
			po8-r16							BIT STRING (SIZE(8)),
			po16-r16						BIT STRING (SIZE(16)),
			po32-r16						BIT STRING (SIZE(32)),
			...
		}															OPTIONAL
	nr-prsResourcePower-r16				INTEGER (0..FFS),
	nr-prsCombSizeN-r16					ENUMERATED {n2, n4, n6},

	...
}

NR-prsResources-r16 ::= SEQUENCE (SIZE (1..nrMaxPrsResources-r16)) OF NR-PRS-Resource-Info-r16

nrMaxPrsResources-r16		INTEGER ::= FFS   -- Max nummber of PRS resources per PRS resource set


-- ASN1STOP

	Conditional presence
	Explanation

	
	



	NR-DL-PRS-Info field descriptions

	nr-prsResourceBandwidth
This field specifies the DL-PRS resource bandwidth in number of resource blocks. Integer value n defines the resource bandwidth (24 + 4n) resource blocks

	nr-prsStartPRB
This field specifies the DL-PRS resource bandwidth in number of resource blocks. Integer value n defines the resource bandwidth (24 + 4n) resource blocks

	



–	NR-PRS-Resource-Info
The IE NR-PRS-Resource-Info provides configuration of a DL-PRS resource set.
NOTE: 	

-- ASN1START


NR-PRS-Resource-Info-r16 ::= SEQUENCE {
	nr-prsResourceID-r16			INTEGER (0..FFS),
	nr-prsSequenceID-r16			INTEGER {0.. 4095},	--FFS larger value
	nr-prsReOffset-r16				INTEGER (0..FFS),	--FFS on the value range
	nr-prsResourceSlotOffset-r16		CHOICE {
			n2-r16							INTEGER (0..1),
			n4-r16							INTEGER (0..3),
			n6-r16							INTEGER (0..5)
		},
	nr-prsResourceSymbolOffset-r16		INTEGER (0.. nrMaxPrsResoourceOffset-r16),
	nr-prsQCL-Info-r16					ENUMERATED {typeC, typeD},
	...
}

nrMaxPrsResoourceOffset-r16		INTEGER ::= FFS   -- Max PRS resource offset


-- ASN1STOP

	Conditional presence
	Explanation

	
	



	NR-DL-PRS-Info field descriptions

	nr-prsResourceBandwidth
This field specifies the DL-PRS resource bandwidth in terms on number of PRBs

	

	



–	NR-TRP-StaticInfo
The IE NR-TRP-StaticInfo is used to provide static TRP configuration information to the target device to support UE-based positioning. This TRP list, if present, is of the same length as the TRP list nr-TRP-PrsInfo, and the elements are ordered in the same way, which means that the information from an element k in this list and an element k in the list nr-TRP-PrsInfo corresponds to the same TRP. In a similar way are the DL PRS resource sets and resources listed in the same order in nr-prsBeamInfo and nr-prsInfo., so corresponding elements in the DL PRS resource set and resources lists are associated to the same resource set and resource, respectively.
-- ASN1START

NR-TRP-StaticInfo-r16 ::= SEQUENCE {SIZE (1.. nrMaxTRP-r16)) OF 
									NR-TRP-StaticInfoElement-r16

NR-TRP-StaticInfoElement-r16 ::= SEQUENCE {
	nr-TRP-locationInfo-r16 	NR-TRP-LocationInfo-r16,	
	nr-prsBeamInfo-r16			NR-PRS-BeamInfo-r16			OPTIONAL,	-- Cond AoDsupport
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	· 
	· 



	NR-TRS-StaticInfo field descriptions

	nr-TRP-locationInfo
This field specifies the location information associated to a TRP.

	

	



–	NR-TRP-DynamicInfo
The IE NR-TRP-DynamicInfo is used to provide dynamic TRP configuration information to the target device to support UE-based positioning. This TRP list, if present, is of the same length as the TRP list nr-TRP-PrsInfo, and the elements are ordered in the same way, which means that the information from an element k in this list and an element k in the list nr-TRP-PrsInfo corresponds to the same TRP.
-- ASN1START

NR-TRP-DynamicInfo-r16 ::= SEQUENCE {SIZE (1.. nrMaxTRP-r16)) OF 
							NR-TRP-DynamicInfoElement-r16

NR-TRP-DynamicInfoElement-r16 ::= SEQUENCE {
	nr-rtdInfo-r16			NR-RTD-Info-r16		OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	TOAmeas
	The field, except for the first element in the list, is mandatory present when measurements based on TOA measurements are configured; otherwise it is not present (Need ON).



	NR-DL-TRS-PRS field descriptions

	nr-rtdInfo
This field specifies the relative time difference between pairs of TRPs.

	

	



6.5.8.3	NR-PosMeas Assistance Data Request
–	NR-PosMeas-RequestAssistanceData
The IE NR-PosMeas-RequestAssistanceData is used by the target device to request assistance data from a location server.
-- ASN1START

NR-PosMeas-RequestAssistanceData-r16 ::= SEQUENCE {
	nrPhysCellId-r16		INTEGER (0..1007)											OPTIONAL,
	adType-r16				BIT STRING {dl-prs   (0), 
										trp-loc  (1),
										trp-rtd  (2),
										trp-beam (3) } (SIZE (1..8)),
	...
}

-- ASN1STOP

	NR-PosMeas-RequestAssistanceData field descriptions

	nrPhysCellId
This field specifies the NR physical cell identity of the current primary cell of the target device.

	adType
This field specifies the assistance data requested. This is represented by a bit string, with a one-value at the bit position means the particular assistance data is requested; a zero-value means not requested.
Bit 0 indicates that NR DL-PRS assistance data is requested.
Bit 1 indicates TRP location information to support UE-based positioning is requested. Note 1
Bit 2 indicates TRP relative time difference information to support UE-based positioning is requested. Note 1
Bit 3 indicates TRP beam information to support UE-based positioning is requested. Note 1



6.5.8.4	NR Positioning Measurements Location Information
–	NR-PosMeas-ProvideLocationInformation
The IE NR-PosMeas-ProvideLocationInformation is used by the target device to provide NR positioning measurements or location estimate to the location server. It may also be used to provide NR positioning measurements specific error reason.
-- ASN1START

NR-PosMeas-ProvideLocationInformation-r16 ::= SEQUENCE {
	nr-posMeas-SignalMeasurementInformation-r16 NR-SignalMeasurementInformation-r16	OPTIONAL,
	nr-posMeasError-r16							NR-PosMeas-Error-r16				OPTIONAL,
	...
}

-- ASN1STOP

6.5.8.5	NR Positioning Measurements Location Information Elements
–	NR-PosMeas-SignalMeasurementInformation
The IE NR-PosMeas-SignalMeasurementInformation is used by the target device to provide NR positioning measurements to the location server. The measurements are provided as a list of TRPs, where the first TRP in the list is used as reference TRP in case RSTD measurements are reported. The first TRP in the list may or may not be the same TRP as the first TRP in the TRP list nr-TRS-PRS-Info in the assistance data. Furthermore, the target device selects a reference resource per TRP, and compiles the measurements per TRP based on the selected reference resource. The target device also provides a time stamp nr-posMeas-timeStamp corresponding to the measurement instant of the reference resource of the first TRP in the nr_posMeasList. 
-- ASN1START

NR-PosMeas-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-posMeas-timeStamp-r16		NR-PosMeas-timeStamp-r16,
	nr-posMeasList-r16				NR-PosMeasList-r16,
	...
}

NR-PosMeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxTRP-r16)) OF 
								NR-PosMeasListElement-r16

NR-PosMeasListElement-NR-r16 ::= SEQUENCE {
	nr-TRP-index-r16					INTEGER (1.. nrMaxTRP-r16),
	nr-refResourceSetID-r16				INTEGER (FFS),
	nr-prsResourceID-r16				INTEGER (FFS),
	nr-rstd-r16							INTEGER (FFS)					OPTIONAL,	-- Cond NotFirstElement
	nr-additionalPathsRef-r16			NR-AdditionalPathList-r16		OPTIONAL,	-- Cond AddPaths
	nr-toaQuality-r16					NR-TOA-MeasQuality-r16			OPTIONAL,	-- Cond TOAmeas
	nr-ueRxTxTD-r16						INTEGER (FFS)					OPTIONAL,	-- Cond RXTXmeas
	nr-RxTxSync-Quality-r16				NR-RxTx-SyncQuality-r16 		OPTIONAL,	-- Cond RXTXmeas
	nr-rsrp-r16							INTEGER (0..127)				OPTIONAL,	-- Cond RSRPmeas
	nr-rsrp-Quality-r16					NR-RSRP-MeasQuality-r16			OPTIONAL,	-- Cond RSRPmeas
	nr-sameResSetPosMeasList-r16		NR-SameResSetPosMeasList-r16,	OPTIONAL,	-- Cond ReportRelRes
	nr-otherResSetPosMeasList-r16		NR-OtherResSetPosMeasList-r16,	OPTIONAL,	-- Cond ReportRelRes
	...
}

NR-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..maxPaths-r16)) OF 
				NR-AdditionalPath-r16

NR-SameResSetPosMeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxPrsResources-1-r16)) OF 
				NR-PosMeas-MeasPerResource-r16

NR-OtherResSetPosMeasList-r16 ::= SEQUENCE (SIZE(1.. nrMaxPrsResourceSets-1-r16)) OF 
				NR-OtherResSetPosMeasListElement-r16

NR-RelResSetPosMeasListElement-r16 ::= SEQUENCE {
	nr-prsResourceSetID-r16			INTEGER (FFS),
	nr-relResPosMeasList-r16		NR-RelResPosMeasList-r16,
	...
}

NR-RelResPosMeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxPrsResources -r16)) OF 
				NR-PosMeas-MeasPerResource-r16

NR-PosMeas-MeasPerResource-r16 ::= SEQUENCE {
	nr-prsResourceID-r16 				INTEGER (FFS),
	nr-rstd-r16							INTEGER (FFS),					OPTIONAL,	-- Cond RSRPmeas
	nr-additionalPaths-r16				NR-AdditionalPathList-r16		OPTIONAL,
	nr-toa-Quality-r16					NR-TOA-MeasQuality-r16			OPTIONAL,	-- Cond RSRPmeas
	nr-prs-rsrp-r16						INTEGER (FFS)					OPTIONAL, 	-- Cond RSRPmeas
	nr-prs-rsrp-Quality-r16				NR-RSRP-MeasQuality-r16			OPTIONAL, 	-- Cond RSRPmeas
	nr-ueRxTxTD-r16						INTEGER (FFS)					OPTIONAL,	-- Cond RXTXmeas
	nr-RxTxSync-Quality-r16				NR-RxTx-SyncQuality-r16 		OPTIONAL,	-- Cond RXTXmeas
	...
}

nrMaxPrsResourceSets-1-r16	INTEGER ::= FFS   -- Max nummber of PRS resource Sets per TRP - 1
nrMaxPrsResources-1-r16		INTEGER ::= FFS   -- Max nummber of PRS resource Sets per TRP - 1


-- ASN1STOP

	Conditional presence
	Explanation

	NotFirstElement
	This field, except for the first element in the list, is mandatory present when RSTD measurements are configured, otherwise it is not present 

	TOAmeas
	The field is mandatory present when measurements based on TOA measurements are configured; otherwise it is not present (Need ON).

	RXTXmeas
	The field is mandatory present when UE Rx-Tx measurements are configured; otherwise it is not present (Need ON).

	ReportRelRes
	The field is mandatory present when no timing measurement aggregation has been configured; otherwise it is only present id RSRP measurement have been configured

	AddPaths
	The field is mandatory if the target device supports additional path reporting and has detected additional paths, otherwise it is not present (Need ON)



	NR-OTDOA-SignalMeasurementInformation field descriptions

	

	

	

	



–	NR-PosMeas-TimeStamp
The IE NR-PosMeas-TimeStamp provides the NR positioning measurement time stamp associated to the measurements of the reference resource of a TRP. Devices supporting fine timestamps will also provide the fine UTC time resolution.
-- ASN1START

NR-PosMeas-TimeStamp-r16 ::= SEQUENCE {
	systemFrameNumber-r16		BIT STRING (SIZE (10)),	
	utcTime-r16					UTCTime						OPTIONAL,	-- Cond UTCmeas
	utcTime-ms-r16				INTEGER (0..999)			OPTIONAL,	-- Cond UTCmeas
	utcTime-us-r16				INTEGER (0..999)			OPTIONAL,	-- Cond UTCmeas
	utcTime-ns-r16				INTEGER (0..999)			OPTIONAL,	-- Cond UTCmeas-fine
	utcTime-subns-r16			INTEGER (0..9)				OPTIONAL,	-- Cond UTCmeas-fine
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	UTCmeas
	The field is mandatory present if the positioning measurement is requested to be associated with an UTC time at ms level or a UTC fine level; otherwise it is not present.

	UTCmeas-fine
	The field is mandatory present if the positioning measurement is requested to be associated with a fine UTC time at sub ns level; otherwise it is not present.



	NR-PosMeas-TimeStamp field descriptions

	systemFrameNumber
This field specifies the NR System Frame Number (SFN).

	utcTime 
This field provides the UTC time in the form of YYMMDDhhmmssZ.

	utcTime-ms
This field provides the fractional part of the UTC time in ms resolution

	utcTime-us
This field provides the fractional part of the UTC time in us resolution

	utcTime-ns
This field provides the fractional part of the UTC time in ns resolution

	utcTime-subns
This field provides the fractional part of the UTC time in sub-ns resolution (0.1 ns resolution



[bookmark: _Toc20690650]–	NR-TOA-MeasQuality
-- ASN1START

TOA-MeasQuality ::= SEQUENCE {
	...
}

-- ASN1STOP

–	NR-RxTx-SyncQuality
-- ASN1START

RxTx-SyncQuality ::= SEQUENCE {
	...
}

-- ASN1STOP

–	NR-RSRP-MeasQuality
-- ASN1START

NR-RSRP-MeasQuality ::= SEQUENCE {
	...
}

-- ASN1STOP

[bookmark: _Toc20690651]–	NR-AdditionalPath
The IE NR-AdditionalPath is used by the target device to provide information about additional paths in association to the TOA measurements associated to NR positioning in the form of a relative time difference and a quality value. The additional path nr-relativeTimeDifference is the detected path timing relative to the detected path timing used for the TOA value, and each additional path can be associated with a quality value nr-path-Quality.
-- ASN1START

NR-AdditionalPath-r16 ::= SEQUENCE {
	nr-relativeTimeDifference-r16	FFS,
	nr-path-Quality-r16				NR-TOAMeasQuality-r16				OPTIONAL,
	...
}

-- ASN1STOP

	NR-AdditionalPath field descriptions

	nr-relativeTimeDifference
This field specifies the additional detected path timing relative to the detected path timing of the reference resource. A positive value indicates that the particular path is later in time than the detected path of the reference; a negative value indicates that the particular path is earlier in time than the detected path of the reference

	nr-path-Quality
This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.



6.5.8.6 	NR Positioning Measurement Location Information Request
–	NR-PosMeas-RequestLocationInformation
The IE NR-PosMeas-RequestLocationInformation is used by the location server to request NR positioning measurements from a target device. Details of the required measurements (details of TRP configurations) are conveyed in the NR-PosMeas-ProvideAssistanceData IE in a separate Provide Assistance Data message.
-- ASN1START

NR-PosMeas-RequestLocationInformation ::= SEQUENCE {
	assistanceAvailability-r16		BOOLEAN,
	rsrpMeasurements-r16			ENUMERATED { requested }		OPTIONAL,		-- Need ON
	rstdMeasurements-r16			ENUMERATED { requested }		OPTIONAL,		-- Need ON
	ueRxTxMeasurements-r16			ENUMERATED { requested }		OPTIONAL,		-- Need ON
	fineTimeStamp-r16				ENUMERATED { requested }		OPTIONAL,		-- Need ON
	toaAggreg-r16					ENUMERATED { first, strongest, ... }	OPTIONAL,	-- Need ON
	multipathTOA-r16				ENUMERATED { requested }		OPTIONAL,		-- Need ON
	motionMeasurements-r16			ENUMERATED { requested }		OPTIONAL,		-- Need ON
	...
}

-- ASN1STOP

	NR-PosMeas-RequestLocationInformation field descriptions

	assistanceAvailability
This field indicates whether the target device may request additional NR positioning measurements assistance data from the server. TRUE means allowed and FALSE means not allowed.

	rsrpMeasurements
This field, if present, indicates that the target device is requested to report DL PRS RSRP per resource.

	rstdMeasurements
This field, if present, indicates that the target device is requested to report DL PRS RSTD per resource in relation to a reference resource, in consideration of per TRP measurement aggregation if configured.

	ueRxTxMeasurements
This field, if present, indicates that the target device is requested to report UE Rx-Tx per DL PRS resource in relatiojn to a configured uplink time reference and , in consideration of per TRP measurement aggregation if configured

	fineTimeStamp
This field, if present, indicates that the target device is requested to report a fine time stamp of the reference TRP, in consideration of per TRP measurement aggregation if configured.

	toaAggreg
This field, if present, indicates that the target device is requested to report timing aggregated per TRP, and the aggregation strategy. The value ‘first’ means that the DL-PRS TOA per TRP is determined a the DL-PRS TOA of the resource corresponding to the shortest time of flight. The value ‘strongest’ means that the DL-PRS TOA per TRP is determined a the DL-PRS TOA of the resource corresponding to the shortest DL PRS RSRP.

	multipathTOA
This field, if present, indicates that the target device is requested to report additional detected path timing information.

	motionMeasurements
This field, if present, indicates that the target device is requested to report the motion measurements (deltaSFN and motionTimeSource) in NR-PosMeas‑SignalMeasurementInformation as well as the IE Sensor-MotionInformation in IE Sensor‑ProvideLocationInformation.




6.5.8.7	NR Positioning Measurements Capability Information
–	NR-PosMeas-ProvideCapabilities
The IE NR-PosMeas-ProvideCapabilities is used by the target device to indicate its capability to support NR positioning measurements and to provide its NR positioning measurements capabilities to the location server.
-- ASN1START

NR-PosMeas-ProvideCapabilities-r16 ::= SEQUENCE {
	rsrpReporting-r16 				ENUMERATED { supported }		OPTIONAL,
	rstdReporting-r16 				ENUMERATED { supported }		OPTIONAL,
	ueRxTxReporting-r16 			ENUMERATED { supported }		OPTIONAL,
	fineTimeStamp-r16				ENUMERATED { supported }		OPTIONAL,
	additionalPathsReport-r16 		ENUMERATED { supported }		OPTIONAL,
	periodicalReporting-r16			PositioningModes				OPTIONAL,
	idleStateForMeasurements-r16	ENUMERATED { required }			OPTIONAL,
	motionMeasurements-r16			ENUMERATED { supported }		OPTIONAL,
	uebLocRtd-r16	 				ENUMERATED { supported }		OPTIONAL,
	uebLocBeam-r16	 				ENUMERATED { supported }		OPTIONAL,
	...
}

-- ASN1STOP

	NR-PosMeas-ProvideCapabilities field descriptions

	rsrpReporting
This field, if present, indicates that the target device supports NR DL PRS RSRP measurement reporting

	rstdReporting
This field, if present, indicates that the target device supports NR DL PRS RSTD measurement reporting

	ueRxTxReporting
This field, if present, indicates that the target device supports NR UE RxTx measurement reporting

	fineTimeStamp
This field, if present, indicates that the target device supports fine time stamp reporting

	additionalPathsReport
This field, if present, indicates that the target device supports reporting of timing information for additional detected paths for reported TOA-based measurements

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform positioning measurements.

	motionMeasurements
This field, if present, indicates that the target device supports reporting of motion measurements (deltaSFN and motionTimeSource) in NR‑SignalMeasurementInformation. The presence of this field implies presence of sensor-MotionInformationSup in IE Sensor‑ProvideCapabilities.

	uebLocRtd
This field, if present, indicates that the target device supports NR UE-based positioning exploiting TRP location and relative time difference information

	uebLocBeam
This field, if present, indicates that the target device supports NR UE-based positioning exploiting TRP location and beam information



6.5.8.8	NR Positioning Measurements Capability Information Request
–	NR-PosMeas-RequestCapabilities
The IE NR-PosMeas-RequestCapabilities is used by the location server to request the capability of the target device to support NR positioning measurements and to request NR positioning measurements capabilities from a target device.
-- ASN1START

NR-PosMeas-RequestCapabilities ::= SEQUENCE {
	...
}

-- ASN1STOP

6.5.8.9	NR Positioning Measurements Error Elements
–	NR-PosMeas-Error
The IE NR-PosMeas-Error is used by the location server or target device to provide NR positioning measurements error reasons to the target device or location server, respectively.
-- ASN1START

NR-PosMeas-Error-r16 ::= CHOICE {
	locationServerErrorCauses-r16		NR-PosMeas-LocationServerErrorCauses-r16,
	targetDeviceErrorCauses-r16			NR-PosMeas-TargetDeviceErrorCauses-r16,
	...
}

-- ASN1STOP

–	NR-PosMeas-LocationServerErrorCauses
The IE NR-PosMeas-LocationServerErrorCauses is used by the location server to provide NR positioning measurements error reasons to the target device.
-- ASN1START

NR-PosMeas-LocationServerErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED	{	undefined,
									assistanceDataNotSupportedByServer,
									notProvidedAssistanceDataNotSupportedByServer,
									assistanceDataSupportedButCurrentlyNotAvailableByServer,
									...
								},
	...
}

-- ASN1STOP

–	NR-PosMeas-TargetDeviceErrorCauses
The IE NR-PosMeas-TargetDeviceErrorCauses is used by the target device to provide NR positioning measurements error reasons to the location server.
-- ASN1START

NR-PosMeas-TargetDeviceErrorCauses-r16 ::= SEQUENCE {
	cause-r16		ENUMERATED {	undefined,
									assistanceDataMissing,
									unableToMeasureAnyTRP,
									noUplinkPrsConfigured,
									thereWereNotEnoughSignalsReceivedForUeBasedPos,
									UebAssistanceDataMissing,
									...
								},
	...
}

-- ASN1STOP
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