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1 Background
One of the objectives of the REL-14 NB-IoT enhancements is to improve the positioning support. The objective is to introduce core requirements for the Enhanced CID (E-CID), OTDOA and UTDOA (conditionally) [1]:
Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

· UE Rx-Tx time difference measurement [RAN4 only]

(Support of UTDOA or OTDOA:)
· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification

RAN1 and RAN4 are discussing the design and performance of the positioning methods. In this contribution the protocol aspects for E-CID and OTDOA are discussed further. 

2 Background

Positioning support in REL-13

A minimum positioning support was agreed in REL-13 for NB-IoT, which relies on eNB measurements to enable variants on CID positioning methods, with no RAN2 impact on the UE (e.g. no UE measurement reporting) and based on the existing LCS architecture.
UE measurement requirements in REL-13
Both intra- and inter-frequency NRSRP and NRSRQ measurements are supported in Idle mode. In connected mode, the UE is only required to perform RLM measurements on narrowband reference signals on the serving cell
 (section 7.23 in 36.133). The UE is not required to perform intra-frequency and/or inter-frequency measurements in connected mode. UE measurement reporting is not supported in REL-13.

Enhancements to support E-CID
The CID positioning method, where the NW is only aware of the serving cell of the UE, can be further enhanced with the Enhanced Cell ID (E-CID) method [2]. The ECID method can use both UE and/or eNB measurements to improve the accuracy of the positioning result:

· eNB measurements:

· eNB Rx-Tx time difference (together with UE Rx-Tx time difference enabling TA type 1)

· eNB Rx-Tx time difference (TA type 2)
· UL Angle-Of-Arriva (AoA) 

· UE measurements:

· NRSRP/NRSRQ measurements

· UE Rx-Tx time difference (together with eNB Rx-Tx time difference enabling TA type 1) 
E-CID positioning methods and protocols
User plane method (SUPL/LPP) are outside the scope of RAN2, and not further discussed in this contribution. In this contribution control plane methods based on LPP or RRC/LPPa are further discussed. 

RAN4 requirements for NRSRP/NRSRQ and UE Rx-Tx time difference measurement requirements in connected mode are missing in REL-13, i.e. from a 3GPP perspective the requirements for signalling these measurement results via LPP are not defined. It is up to UE implementation to determine the frequency, accuracy and quality of these measurements, including aspects of coverage enhancements. RAN4 is in the process to add these UE requirements for E-CID measurement to REL-14. The intention is to support both UE-assisted and eNB-assisted E-CID positioning method in REL-14:

Proposal 1: In REL-14 UE-assisted and eNB-assisted E-CID positioning methods is supported.
LPP and RRC/LPPa are alternative ways to signal the E-CID measurements from the UE to the positioning server (E-SMLC). Some networks/operators have deployed LPP solutions, while others have deployed RRC/LPPa solutions. Therefore, it is proposed to support both options in REL-14 for E-CID: 

Proposal 2: In REL-14 E-CID positioning method is supported via LPP and RRC/LPPa.
Both LPPa [5] and LPP [6] are prepared for support of E-CID and no further enhancements to LPPa nor LPP [6] are needed to support E-CID in NB-IoT, see Annex. However to enable UE-assisted E-CID with LPPa there is a need to support UE measurement reporting. UE measurement reporting requires AS security which is only supported with up-CIoT-EPS-Optimisation in NB-IoT. Therefore it is proposed: 
Proposal 3: Introduce UE measurement configuration and reporting of ue-RxTxTimeDiff and intra-frequency/inter-frequency NRSRQ/NRSRP measurements when UE supports up-CIoT-EPS-Optimisation in REL-14.

OTDOA positioning methods and protocols
In LTE the UE RSTD measurements are reported via LPP, and via RRC signalling the UE can request a gap from the eNB to be able to perform inter-frequency RSTD measurements. Similar as with E-CID it is preferable to have the option to report the RSTD measurements via RRC UE measurement reporting as well, and have the eNB control the measurement gap. 
Proposal 4: In REL-14 OTDOA positioning method is supported via LPP and RRC/LPPa.

For the case of RRC/LPPa this implies that RSTD measurement configuration, inter-frequency gap configuration and UE measurement reporting need to be added to RRC: 

Proposal 5: Introduce UE measurement configuration and reporting of RSTD measurements and inter-frequency gap configuration when UE supports up-CIoT-EPS-Optimisation in REL-14.
3 Summary

RAN2 is kindly asked to discuss positioning enhancements for NB-IoT: 
Proposal 1: In REL-14 UE-assisted and eNB-assisted E-CID positioning methods is supported.

Proposal 2: In REL-14 E-CID positioning method is supported via LPP and RRC/LPPa.

Proposal 3: Introduce UE measurement configuration and reporting of ue-RxTxTimeDiff and intra-frequency/inter-frequency NRSRQ/NRSRP measurements when UE supports up-CIoT-EPS-Optimisation in REL-14.

Proposal 4: In REL-14 OTDOA positioning method is supported via LPP and RRC/LPPa.

Proposal 5: Introduce UE measurement configuration and reporting of RSTD measurements and inter-frequency gap configuration when UE supports up-CIoT-EPS-Optimisation in REL-14.
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5 Annex: E-CID support in LPP and LPPa
LPP (36.355)
6.5.3
Enhanced Cell ID Positioning

6.5.3.1
E CID Location Information

6.5.3.2
E CID Location Information Element

6.5.3.3
E CID Location Information Request

6.5.3.4
E CID Capability Information

6.5.3.5
E CID Capability Information Request

6.5.3.6
E CID Error Elements

6.5.3.2
E‑CID Location Information Elements

–
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 


]]

}

-- ASN1STOP

NOTE: 36.331

RSRP-Range ::=




INTEGER(0..97)

RSRQ-Range ::=




INTEGER(0..34)
ue-RxTxTimeDiffResult-r9

INTEGER (0..4095),

NOTE: The REL-12 extended RSRQ value range [-30..46] is not supported in NB-IoT.
	ECID-SignalMeasurementInformation field descriptions

	rsrp-Result

This field specifies the reference signal received power (RSRP) measurement, as defined in [12],[17].

	rsrq-Result

This field specifies the reference signal received quality (RSRQ) measurement, as defined in [12],[17].

	ue-RxTxTimeDiff

This field specifies the UE Rx–Tx time difference measurement, as defined in [17]. It is provided only for measurements on the UE’s primary cell.

Measurement report mapping is according to 3GPP TS 36.133 [18]. 


[12]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Radio Resource Control (RRC); Protocol specification".

[17]
3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer – Measurements".

LPPa (36.455)

8.2
Location Information Transfer Procedures
8.2.1
E-CID Measurement Initiation

8.2.2
E-CID Measurement Failure Indication

8.2.3
E-CID Measurement Report
8.2.4
E-CID Measurement Termination
9.1
Message Functional Definition and Content
9.1.1
Messages for Location Information Transfer Procedures
9.1.1.1
E-CID MEASUREMENT INITIATION REQUEST
9.1.1.2
E-CID MEASUREMENT INITIATION RESPONSE
9.1.1.3
E-CID MEASUREMENT INITIATION FAILURE
9.1.1.4
E-CID MEASUREMENT FAILURE INDICATION
9.1.1.5
E-CID MEASUREMENT REPORT
9.1.1.6
E-CID MEASUREMENT TERMINATION COMMAND
9.2
Information Element definitions
9.2.5
E-CID Measurement Result
9.2.5
E-CID Measurement Result

The purpose of the E-CID Measurement Result information element is to provide the E-CID measurement result.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Serving Cell ID
	M
	
	ECGI

9.2.6
	E-UTRAN Cell Identifier of the serving cell

	Serving Cell TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code of the serving cell

	E-UTRAN Access Point Position
	O
	
	9.2.8
	The configured estimated geographical position of the antenna of the cell.

	Measured Results
	
	0 .. <maxnoMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>Value Angle of Arrival
	M
	
	INTEGER (0..719)
	According to mapping in TS 36.133 [8]

	>>Value Timing Advance Type 1
	M
	
	INTEGER (0..7690)
	According to mapping in TS 36.133 [8]

	>>Value Timing Advance Type 2
	M
	
	INTEGER (0..7690)
	According to mapping in TS 36.133 [8]

	>>Result RSRP
	
	1 .. <maxCellReport>
	
	

	>>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the reported cell

	>>>EARFCN
	M
	
	INTEGER (0..65535, ..., 65536..262143)
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [5]

	>>>ECGI
	O
	
	ECGI

9.2.6
	E-UTRAN Cell Global Identifier of the reported cell

	>>>Value RSRP
	M
	
	INTEGER(0..97, …)
	

	>>Result RSRQ
	
	1 . <maxCellReport>
	
	

	>>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier of the reported cell

	>>>EARFCN
	M
	
	INTEGER (0..65535, ..., 65536..262143)
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [5]

	>>>ECGI
	O
	
	ECGI

9.2.6
	E-UTRAN Cell Global Identifier of the reported cell

	>>>Value RSRQ
	M
	
	INTEGER(0..34, …)
	


36.133

10.3
Timing Advance (TADV)

10.3.1
Report mapping

The reporting range of TADV is defined from 0 to 49232Ts with 2Ts resolution for timing advance less or equal to 4096Ts and 8Ts for timing advance greater than 4096Ts.

The mapping of measured quantity is defined in Table 10.3.1-1.

Table 10.3.1-1:  TADV measurement report mapping

	Reported value
	Measured quantity value
	Unit

	TIME_ADVANCE_00
	TADV ( 2
	Ts

	TIME_ADVANCE_01
	2 ( TADV < 4
	Ts

	TIME_ADVANCE_02
	4 ( TADV < 6
	Ts

	…
	…
	…

	TIME_ADVANCE_2046
	4092 ( TADV < 4094
	Ts

	TIME_ADVANCE_2047
	4094 ( TADV < 4096
	Ts

	TIME_ADVANCE_2048
	4096 ( TADV < 4104
	Ts

	TIME_ADVANCE_2049
	4104 ( TADV < 4112
	Ts

	…
	…
	…

	TIME_ADVANCE_7688
	49216 ( TADV < 49224
	Ts

	TIME_ADVANCE_7689
	49224 ( TADV < 49232
	Ts

	TIME_ADVANCE_7690
	49232 ( TADV
	Ts


6 Annex: OTDOA support in LPP and LPPa

LPP (36.355)

6.5.1
OTDOA Positioning
6.5.1.1
OTDOA Assistance Data
–
OTDOA-ProvideAssistanceData

6.5.1.2
OTDOA Assistance Data Elements

–
OTDOA-ReferenceCellInfo
–
PRS-Info
–
OTDOA-NeighbourCellInfoList
6.5.1.3
OTDOA Assistance Data Request
–
OTDOA-RequestAssistanceData
6.5.1.4
OTDOA Location Information
–
OTDOA-ProvideLocationInformation
6.5.1.5
OTDOA Location Information Elements
–
OTDOA-SignalMeasurementInformation
–
OTDOA-MeasQuality
6.5.1.6
OTDOA Location Information Request

–
OTDOA-RequestLocationInformation

6.5.1.7
OTDOA Capability Information
–
OTDOA-ProvideCapabilities
6.5.1.8
OTDOA Capability Information Request
–
OTDOA-RequestCapabilities
6.5.1.9
OTDOA Error Elements
–
OTDOA-Error
–
OTDOA-LocationServerErrorCauses
–
OTDOA-TargetDeviceErrorCauses
LPPa (36.455)

9.1.1.7
OTDOA INFORMATION REQUEST

This message is sent by E-SMLC to request OTDOA information.

Direction: E-SMLC ( eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	OTDOA Information Type
	
	1 .. <maxnoOTDOAtypes>
	
	
	EACH
	reject

	>OTDOA Information Item 
	M
	
	ENUMERATED (pci, cellid, tac, earfcn, prsBandwidth, prsConfigIndex, cpLength, noDlFrames, noAntennaPorts, sFNInitTime, …, e-UTRANAccessPointPosition, prsmutingconfiguration)
	
	-
	-


9.1.1.8
OTDOA INFORMATION RESPONSE

This message is sent by eNB to provide OTDOA information.

Direction: eNB ( E-SMLC.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	OTDOA Cells
	
	1 .. <maxCellineNB>
	
	Served cells that broadcast PRS
	GLOBAL
	ignore

	>OTDOA Cell Information
	M
	
	9.2.7
	
	-
	-

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore


� In addition intra-frequency NRSRP serving cell measurements for uplink power control in connected mode are supported (section 8.14 in 36.133). 
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