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1 Introduction

In RAN#73, the down selection was made [1], both OTDOA and UTDOA are included, the agreements on the positioning part are as follows. 

Positioning:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

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

· 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

In this contribution, the positioning protocol and architecture in NB-IoT, as well as the impacts on LPP are discussed from high layer point of view. 
2 Discussion
2.1 Positioning protocol and architecture in NB-IoT
As agreed in RAN#73, E-CID, OTDOA and UTDOA are supported in NB-IoT.
For E-CID positioning, there is Downlink E-CID and Uplink E-CID. Downlink E-CID is performed by the UE, the measurement parameters in LTE include RSRP, RSRQ and UE Rx – Tx time difference, etc. Uplink E-CID is performed by the eNB, the measurement parameters in LTE include Timing Advance (TADV) (Type 2) and Angle of Arrival (AoA). 

In LTE the Downlink E-CID can be fulfilled by two alternative ways: 

· Alternative 1 (RRC/LPPa): Due to the support of connected mode measurements and reporting there may be some available RSRP/RSRQ measurement results for E-CID positioning in eNB. Apart from the RSRP/RSRQ measurement control, the UE Rx – Tx time difference is also be defined in RRC as MeasResultForECID. 
· Alternative 2 (LPP): UE can directly report the measurement results for RSRP/RSRQ and Rx – Tx time difference via LPP signalling to E-SMLC. 

For OTDOA positioning in LTE, the UE can only report the RSTD measurement result via LPP signalling, there is no RSTD measurement configuration and reporting in RRC.
For UTDOA positioning in LTE, the eNB uses the LPPa signalling to report the measurement results to E-SMLC. 

To support E-CID, OTDOA and UTDOA positioning, the E-SMLC needs to support both LPP and LPPa protocols. 
Proposal 1: To support E-CID, OTDOA and UTDOA positioning, the LCS positioning architecture is reused and the E-SMLC should support both LPP and LPPa protocols.
2.2 Measurements and Reporting
In legacy LTE, the UE in connected mode needs to perform RSRP/RSRQ/RSTD measurements to assist the E-CID and OTDOA positioning. The UE needs measurement gaps to perform these measurements on inter-frequency neighbouring cells. The UE gets the measurement gaps for RSRP/RSRQ measurement with the measurement configuration and the UE requests measurement gaps for RSTD from the eNB. 
If measurements in RRC_CONNECTED mode are supported in NB-IoT, the use of measurement gaps will impact the data scheduling, and some complexity will be introduced. Also, sending request for measurement gaps and measurement gap configuration will have negative impact on UE battery life. 
In TR 23.730 [2], SA2 recommends a solution for the UE to perform measurements in idle mode and come back to connected mode for reporting. In this case, the UE needs to be in connected mode to receive the location request. After that, the UE goes to idle mode to perform the measurement, and then UE comes back to connected mode to report the measurements.

In terms of the amount of signalling over the air interface, the two procedures are quite similar. On the other hand, when UE performs measurements in idle mode, the complexity at the UE is significantly reduced.
Proposal 2: For NB-IoT, positioning measurements are performed in idle mode as proposed in [2]. 
Once the measurement is performed, the UE reports the result to the network. In legacy LTE, RSTD measurements can only be reported by LPP and RSRP/RSRQ can be reported via RRC signalling or LPP signalling. 
Proposal 3: For NB-IoT, the NRSTD/NRSRP/NRSRQ measurement results are reported by UE only via LPP signalling. 
2.3 Impacts in LPP
The E-CID location information results include RSRP,RSRQ and RSTD if the UE supports such measurements as indicated in the E-CID capability information. The detailed message information is provided in appendix. 
In legacy LTE, if the UE Rx-Tx time difference measurement is supported by the UE (i.e., ueRxTxSup field is set to one), it means that the UE supports the UE Rx-Tx time difference measurement reporting via both LPP signalling and RRC signalling.
In Rel-13 NB-IoT specification, there is no support for connected mode measurements configuration and reporting. If proposal 3 is agreed, we think that UE Rx-Tx time difference measurement shall also only be supported via LPP signalling to reduce the specification work.
Proposal 4: For E-CID positioning, the LPP protocol only is used. 
Proposal 5: UE Rx-Tx time difference measurement reporting is only via LPP signalling. 
In NB-IoT, there is no PRS for positioning, how to design the PRS will be discussed in RAN1. However some changes in RAN2 are expected. 
Proposal 6: Based on the PRS design in RAN1, changes will be required in the LLP specification for the following parameters: 

· Add the frequency information of NB-IoT cell; 

· antennaPortConfig
· cpLengh
· prsInfo
· slotNumberoffset
· prs-SubframeOffset
· supportedBandList
· additionalNeighbourCellInfoList
Performance requirements for OTDOA measurements in NB-IoT need to be defined by RAN4. There may be impact on the definition of IE OTDOA-MeasQuality. 
Proposal 7: Impact on the definition of IE OTDOA-MeasQuality depends on the performance requirements in RAN4. 
Periodic reporting in LPP is configured by 2 parameters. reportingAmount indicates the number of reports before stopping reporting, and reportingInterval is the interval, in seconds (i.e. 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds), between the reports.
The number of reports configuration is not impacted by NB-IoT, the reporting interval may need updating. With the lower reporting intervals and performing measurements in IDLE mode, there may not be time for the UE to make the requested measurement, connect, report the measurements, be released and repeat the process.  

The highest time between reports may need to be extended, to account for periodic reporting while allowing longer battery life.  While longer reporting can be achieved by paging the UE and sending an LPP request for the position each time it is required, this procedure will then trigger a release to IDLE and a second RACH to report the measurements.  To avoid this additional UE power consumption and additional usage of RACH and network resources, the reporting interval should be extended.
Proposal 8: The reporting Interval for periodic reporting needs to be extended for NB-IoT UEs.
3 Conclusion

In this contribution, positioning protocol and positioning architecture are discussed, one observation and some proposals are listed as following. 
Proposal 1: To support E-CID, OTDOA and UTDOA positioning, the LCS positioning architecture is reused and the E-SMLC should support both LPP and LPPa protocols.
Proposal 2: For NB-IoT, positioning measurements are performed in idle mode as proposed in [2]. 
Proposal 3: For NB-IoT, the NRSTD/NRSRP/NRSRQ measurement results are reported by UE only via LPP signalling. 
Proposal 4: For E-CID positioning, the LPP protocol only is used. 

Proposal 5: UE Rx-Tx time difference measurement reporting is only via LPP signalling. 

Proposal 6: Based on the PRS design in RAN1, changes will be required in the LLP specification for the following parameters: 

· Add the frequency information of NB-IoT cell; 

· antennaPortConfig
· cpLengh
· prsInfo
· slotNumberoffset
· prs-SubframeOffset
· supportedBandList
· additionalNeighbourCellInfoList
Proposal 7: Impact on the definition of IE OTDOA-MeasQuality depends on the performance requirements in RAN4. 

Proposal 8: The reporting Interval for periodic reporting -needs to be extended for NB-IoT UEs.
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5 Appendix

5.1 E-CID Positioning in LPP
The procedure for E-CID positioning is illustrated in figure 1.
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Figure 1: E-CID positioning procedure 
–
ECID-RequestCapabilities: There is no particular parameters in the message, so in NB-IoT, there is no change for the message. 

-- ASN1START

ECID-RequestCapabilities ::= SEQUENCE {


...

}

-- ASN1STOP
–
ECID-ProvideCapabilities: indicates whether UE support RSRP, RSRQ or UE Rx-Tx time difference measurement. Each kind of measuremnt capability is indicated by 1 bit among the total 8 bit string. 

-- ASN1START

ECID-ProvideCapabilities ::= SEQUENCE {


ecid-MeasSupported
BIT STRING { 
rsrpSup

(0),











rsrqSup

(1),











ueRxTxSup
(2)
} (SIZE(1..8)),


...

}

-- ASN1STOP

–
ECID-RequestLocationInformation: specifies the E CID measurements requested. so in NB-IoT, there is no change for the message. 

-- ASN1START

ECID-RequestLocationInformation ::= SEQUENCE {


requestedMeasurements

BIT STRING { 
rsrpReq

(0),













rsrqReq

(1),













ueRxTxReq
(2)
} (SIZE(1..8)),


...

}

-- ASN1STOP

–
ECID-ProvideLocationInformation: provide E CID location measurements results and ECID positioning specific error reason. 

-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {


ecid-SignalMeasurementInformation
ECID-SignalMeasurementInformation

OPTIONAL,


ecid-Error






ECID-Error







OPTIONAL,


...

}

-- ASN1STOP

–
ECID-SignalMeasurementInformation: the cell id, frequency, SFN of service cell, measurement results. The serving cell’s frequency will be changed according to NB-IoT’s frequency. 
-- 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
5.2 OTDOA Positioning in LPP
· OTDOA-ReferenceCellInfo: The freqency of serving cell, antennaPortConfig, cpLengh and prsInfo will be changed according to the design of NB-IoT. The procedure for OTDOA positioning is shown in figure 2.
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Figure 2: OTDOA positioning procedure
-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {


physCellId




INTEGER (0..503),


cellGlobalId



ECGI





OPTIONAL,

-- Need ON


earfcnRef




ARFCN-ValueEUTRA


OPTIONAL,

-- Cond NotSameAsServ0

antennaPortConfig


ENUMERATED {ports1-or-2, ports4, ... }
















OPTIONAL,

-- Cond NotSameAsServ1


cpLength




ENUMERATED { normal, extended, ... },


prsInfo





PRS-Info




OPTIONAL,

-- Cond PRS


...,


[[ earfcnRef-v9a0


ARFCN-ValueEUTRA-v9a0

OPTIONAL

-- Cond NotSameAsServ2


]]

}

-- ASN1STOP
· OTDOA-NeighbourCellInfoList: Apart from The freqency of serving cell and neighbour cell, antennaPortConfig, cpLengh and prsInfo, the slotNumberoffset, prs-SubframeOffset may also need to be changed.
-- ASN1START

OTDOA-NeighbourCellInfoList ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF OTDOA-NeighbourFreqInfo

OTDOA-NeighbourFreqInfo ::= SEQUENCE (SIZE (1..24)) OF OTDOA-NeighbourCellInfoElement
OTDOA-NeighbourCellInfoElement ::= SEQUENCE {

physCellId






INTEGER (0..503),


cellGlobalId





ECGI



OPTIONAL,

-- Need ON


earfcn







ARFCN-ValueEUTRA
OPTIONAL,

-- Cond NotSameAsRef0


cpLength






ENUMERATED {normal, extended, ...} 
















OPTIONAL,

-- Cond NotSameAsRef1


prsInfo







PRS-Info


OPTIONAL,

-- Cond NotSameAsRef2


antennaPortConfig




ENUMERATED {ports-1-or-2, ports-4, ...}
















OPTIONAL,  

-- Cond NotsameAsRef3


slotNumberOffset




INTEGER (0..19)

OPTIONAL,

-- Cond NotSameAsRef4


prs-SubframeOffset




INTEGER (0..1279)
OPTIONAL,

-- Cond InterFreq


expectedRSTD





INTEGER (0..16383),


expectedRSTD-Uncertainty


INTEGER (0..1023),


...,


[[ earfcn-v9a0




ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef5


]]

}

maxFreqLayers
INTEGER ::= 3

-- ASN1STOP

· OTDOA-SignalMeasurementInformation: The only change part is the frequency information. 
-- ASN1START

OTDOA-SignalMeasurementInformation ::= SEQUENCE {


systemFrameNumber

BIT STRING (SIZE (10)),


physCellIdRef


INTEGER (0..503),


cellGlobalIdRef


ECGI




OPTIONAL,


earfcnRef



ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef0


referenceQuality

OTDOA-MeasQuality

OPTIONAL,


neighbourMeasurementList
NeighbourMeasurementList,


...,


[[ earfcnRef-v9a0

ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef1


]]

}

NeighbourMeasurementList ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement

NeighbourMeasurementElement ::= SEQUENCE {


physCellIdNeighbour

INTEGER (0..503),


cellGlobalIdNeighbour
ECGI




OPTIONAL,


earfcnNeighbour


ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef2


rstd




INTEGER (0..12711),


rstd-Quality


OTDOA-MeasQuality,

...,


[[ earfcnNeighbour-v9a0
ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef3


]]

}

-- ASN1STOP

· OTDOA-MeasQuality: whether this part needs to be changed or not depend on the performance requirement defined in RAN4; 
-- ASN1START

OTDOA-MeasQuality ::= SEQUENCE {


error-Resolution

BIT STRING (SIZE (2)),


error-Value



BIT STRING (SIZE (5)),


error-NumSamples

BIT STRING (SIZE (3))



OPTIONAL,


...

}

-- ASN1STOP
· OTDOA-ProvideCapabilities: due to the different UE capability in NB and LTE, the supportedBandList, additionalNeighbourCellInfoList will be changed in NB-IoT. 
-- ASN1START

OTDOA-ProvideCapabilities ::= SEQUENCE {


otdoa-Mode

BIT STRING { 
ue-assisted (0) } (SIZE (1..8)),


...,


supportedBandListEUTRA 

SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA

OPTIONAL,


supportedBandListEUTRA-v9a0
SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-v9a0






















OPTIONAL,


interFreqRSTDmeasurement-r10

ENUMERATED { supported }





OPTIONAL,


additionalNeighbourCellInfoList-r10
ENUMERATED { supported }





OPTIONAL
}

maxBands INTEGER ::= 64

SupportedBandEUTRA ::= SEQUENCE {


bandEUTRA






INTEGER (1..maxFBI)

}

SupportedBandEUTRA-v9a0 ::=

SEQUENCE {


bandEUTRA-v9a0





INTEGER (maxFBI-Plus1..maxFBI2)

OPTIONAL

}

maxFBI







INTEGER
::=
64
-- Maximum value of frequency band indicator
maxFBI-Plus1





INTEGER ::= 65
-- lowest value extended FBI range

maxFBI2







INTEGER ::= 256
-- highest value extended FBI range

-- ASN1STOP

5.3 Common IEs 

–
CommonIEsRequestLocationInformation: The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type. The reportingInterva in Periodic reporting may be change considering the UE performing measurement in idle mode and come to connected mode to report it. 
-- ASN1START

CommonIEsRequestLocationInformation ::= SEQUENCE {


locationInformationType

LocationInformationType,


triggeredReporting


TriggeredReportingCriteria
OPTIONAL,
-- Cond ECID

    periodicalReporting         PeriodicalReportingCriteria OPTIONAL,
-- Need ON


additionalInformation

AdditionalInformation

OPTIONAL,
-- Need ON


qos






QoS






OPTIONAL,
-- Need ON


environment




Environment




OPTIONAL,
-- Need ON


locationCoordinateTypes

LocationCoordinateTypes

OPTIONAL,
-- Need ON


velocityTypes



VelocityTypes



OPTIONAL,
-- Need ON


...

}

LocationInformationType ::= ENUMERATED {


locationEstimateRequired,


locationMeasurementsRequired,


locationEstimatePreferred, 


locationMeasurementsPreferred,


...

}

PeriodicalReportingCriteria ::=

SEQUENCE {


reportingAmount





ENUMERATED {












ra1, ra2, ra4, ra8, ra16, ra32,












ra64, ra-Infinity











} DEFAULT ra-Infinity,


reportingInterval




ENUMERATED {












noPeriodicalReporting, ri0-25,












ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64











}

}

TriggeredReportingCriteria ::=

SEQUENCE {


cellChange






BOOLEAN,


reportingDuration




ReportingDuration,


...

}

ReportingDuration ::=



INTEGER (0..255)

AdditionalInformation ::= ENUMERATED {


onlyReturnInformationRequested,


mayReturnAditionalInformation,


...

}

QoS ::= SEQUENCE {


horizontalAccuracy


HorizontalAccuracy

OPTIONAL,
-- Need ON


verticalCoordinateRequest
BOOLEAN,


verticalAccuracy


VerticalAccuracy

OPTIONAL,
-- Need ON


responseTime



ResponseTime


OPTIONAL,
-- Need ON


velocityRequest



BOOLEAN,






...

}


HorizontalAccuracy ::= SEQUENCE {


accuracy

INTEGER(0..127),


confidence

INTEGER(0..100),


...

}

VerticalAccuracy ::= SEQUENCE {


accuracy

INTEGER(0..127), 


confidence

INTEGER(0..100),


...

}

ResponseTime ::= SEQUENCE {


time







INTEGER (1..128),


...,



[[
responseTimeEarlyFix-r12

INTEGER (1..128)

OPTIONAL

-- Need ON


]]

}

Environment ::= ENUMERATED {


badArea,


notBadArea,


mixedArea,


...

}

-- ASN1STOP
ReportingInterval indicates the interval between location information reports and the response time requirement for the first location information report.  Enumerated values ri0-25, ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64 correspond to reporting intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, respectively. Measurement reports containing no measurements or no location estimate are required when a reportingInterval expires before a target device is able to obtain new measurements or obtain a new location estimate.
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