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1 Background
The objectives for the positioning enhancements for NB-IoT in REL-14 are [1]:
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

Positioning enhancements for NB-IoT in REL-14 [2], [3] were not discussed during RAN2#95bis. 

SA2 discussed potential enhancements to the existing positioning signalling framework [4], [5].  
RAN1#86bis made the following agreements for OTDOA and UTDOA enhancements:

OTDOA

Agreement:

· Introduce a new positioning reference signal for OTDOA in NB-IoT

· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.

· The subframes which contain NPRS are configured by higher-layers

· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of:

· NPDCCH

· NPDSCH

· NPBCH

· NPSS/NSSS

· Configuration of time resources for NPRS

· Indication of exact subframes is by

· Alt. 4:


· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes)

· Alt. 4.A1: Bitmap is a fixed length of 10 bits

· Alt. 4.A2: Bitmap is a the same length as valid subframe configuration, i.e. 10 bits or 40 bits

· Alt. 4.A3: Bitmap is a fixed length of x bits (e.g., x = 20)

· FFS which until RAN1#87

· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions 

· On an anchor carrier, Part A and/or Part B

· On a non-anchor carrier, Part A and/or Part B

· Indication of NPRS muting patterns is

· Alt. 2: Indicated with a periodic NPRS muting sequence

· Details are FFS

Working assumptions:
· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 

· FFS: With additional REs in guard-band and standalone operation modes

· FFS: Increased density per cell according to coverage

· NB-IoT PRS do not occur in a subframe containing

· NPDCCH

· NPDSCH

· NPBCH

· NPSS/NSSS

UTDOA
Conclusions:
· Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios.

· Whether it is feasible in a given network deployment depends on issues including network coordination, interference handling, power control, in-band emissions, capacity impacts, etc.

· Companies are encouraged to identify in RAN1#87 scenarios where it is and is not feasible.

In this contribution the RAN2 impact to support E-CID, OTDOA and UTDOA positioning for NB-IoT is discussed further. 
2 Discussion
2.1 Positioning framework
To minimise the impact of the REL-14 positioning enhancements it is proposed to re-use the existing positioning architecture and signalling framework. When it comes to the UE measurement reporting for E-CID and OTDOA two options exists in legacy LTE: 1. Signalling via LPP or 2. Signalling via RRC/LPPa to the location server. In NB-IoT RRC measurement configuration and reporting are not supported. There seems to be little interest from companies to support this option in NB-IoT (for UP solution). Therefore it is proposed to base the UE measurement reporting for NB-IoT on LPP, but consider potential optimization to LPP that can limit the LPP message size:
Proposal 1: LPP is used to report the UE measurements for E-CID and OTDOA

Proposal 2: RAN2 to consider potential enhancements to LPP to limit the LPP message size
LPP

The LPP protocol uses the following signalling framework for the different positioning methods:

1. The location server first retrieves the relevant UE capabilities (e.g. which positioning methods are supported and which bands the UE can perform measurements in). There are common and positioning specific capabilities (e.g. E-CID and OTDOA).
2. The location server configures assistance data in the UE to enable the UE to perform positioning measurements

3. The location server retrieves the positioning measurements from the UE with request location information: 
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Dependent on the enhancements for PRS/NPRS configuration and muting patterns for OTDOA that RAN1 will agree, changes to the LPP ProvideAssistanceData may be required. 
E-CID
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In the reported ECID-ProvideCapabilities IE the UE can indicate whether it can measure and report RSRP, RSRQ and ueRxTx time difference measurements. These capabilities can be re-used for NB-IoT. 

No assistance data is configured in the UE for E-CID positioning, i.e. only ueRxTx time difference with Pcell is provided. 
The UE measurements for E-CID positioning, i.e. NRSRP, NRSRQ and UE Rx-Tx time difference
 measurements, are signalled in LPP ProvideLocationInformation message. Note: the eNB Rx-Tx time difference
 measurements to enable Timing Advance type 1 are signalled via LPPa (RAN3). 

Proposal 3: The LPP capabilities for E-CID positioning can be re-used for NB-IoT

OTDOA

In the reported OTDOA-ProvideCapabilities IE the UE can indicate otdoa-Mode, SupportedBandEUTRA, interFreqRSTDmeasurement, and additionalNeighbourCellInfoList. With interFreqRSTDmeasurement the UE can indicate if it supports inter-frequency RSTD measurements. The location server can signal up to 72 neighbour cells. If the UE indicates support for inter-frequency RSTD measurements then up to three frequency layers can be signalled (3x24 cells). With additionalNeighbourCellInfoList the UE indicates that it can measure up to 72 cells (3x24), otherwise the UE the cells for measurement according to the priority order specified in section 6.5.1.2 in 36.355
. 
Proposal 4: The LPP capabilities for OTDOA positioning can be re-used for NB-IoT

In the OTDOA-ProvideAssistanceData IE the location server can provide assistance data for UE‑assisted downlink OTDOA, and provide specific error reason. The location server can provide ReferenceCellInfo and optionally NeighbourCellInfo. The ReferenceCellInfo includes information such as physCellId, cellGlobalId, earfcnRef, antennaPortConfig, cpLength, and prsInfo. The prsInfo includes prs-Bandwidth, prs-ConfigurationIndex, numDL-Frames, and prs-MutingInfo.

Proposal 5: RAN2 to wait for input from RAN1 concerning the assistance data for OTDOA in NB-IoT

Proposal 6: Add carrierFreqOffset-r13 to OTDOA-NeighbourCellInfoElement
With OTDOA-RequestLocationInformation IE the location server can request RSTD measurements from the UE. With the assistanceAvailability IE the location server can indicate if the UE may request additional OTDOA assistance data from the server. 
The CommonIEsRequestLocationInformation IE in the Request Location Information message can include a response time (up to 128 sec) where the UE is supposed to send a reply. 
With OTDOA-ProvideLocationInformation IE the UE can sent its RSTD measurements, for neighbour cell and the RSTD reference cell, to the server, and also provide an OTDOA positioning specific error reason (e.g. unableToMeasureReferenceCell). 

The RSTD measurement results include systemFrameNumber, physCellIdRef, cellGlobalIdRef, earfcnRef, referenceQuality and the neighbor cell measurements. The referenceQuality indicates the UE’s best estimate of the quality of the TOA measurement from the RSTD reference cell, TSubframeRxRef , where TSubframeRxRef is the time of arrival of the signal from the RSTD reference cell (see section 6.5.1.5 in 36.355). The neighbor cell measurements include physCellIdNeighbour, cellGlobalIdNeighbour, earfcnNeighbour, rstd, rstd-Quality, and OTDOA-MeasQuality. The OTDOA-MeasQuality includes the UE’s best estimate of the quality of the measured rstd, which includes error-Resolution, error-Value, error-Resolution and error-NumSamples.
Inter-frequency RSTD measurements

The UE performs the RSTD measurements in connected mode, and for RSTD measurements on neighbouring cells on another NB-IoT carrier (the neighbouring anchor is on another EARFCN + PRB offset) the UE would require measurement gaps. In legacy LTE the UE requests measurements gaps (if not configured) from the eNB with the InterFreqRSTDMeasurementIndication message. In this message the UE can indicate the carrier frequency(ies), received via the LPP assistance data, where the UE would like to perform inter-frequency RSTD measurements. It also includes a requested offset for the measurement gaps and the neighbouring PRS. The eNB subsequently configures measurement gaps in the UE after it received the InterFreqRSTDMeasurementIndication message, such that the UE can perform these inter-frequency measurements. When the UE is done performing these measurements the UE can send an InterFreqRSTDMeasurementIndication message with “stop” indication, which can trigger the eNB to remove the measurement gaps. 
In NB-IoT RRC measurement configuration (and RRC measurement reporting) are not supported. To limit the impact and avoid unnecessary complexity it is proposed to not require the configuration of measurement gaps. Two options are identified: 

1. Connected mode DRX

2. Idle mode

Option 1: connected mode DRX

When the UE is already configured with DRX in connected mode, and the configured DRX is sufficient for the UE to perform inter-frequency RSTD measurements, then the UE performs those measurements, and reports them to the location server when done. In NB-IoT a connected mode DRX cycle up to 9 seconds is supported. In case the UE requires DRX configuration, or larger DRX cycle, then the UE send an RRC InterFreqRSTDMeasurementIndication-NB message to the eNB to request an appropriate DRX configuration, based on the cell/carrier info provided. The eNB (re-)configures the DRX, after which the UE can perform the inter-frequency RSTD measurements: 
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Options 2: idle mode

The UE performs the inter-frequency RSTD measurements in Idle mode [4]. In this case, when the eNB receives the RRC InterFreqRSTDMeasurementIndication-NB message from the UE, it switches the UE to Idle mode. When the UE has completed the inter-frequency RSTD measurements in Idle mode it switches to connected mode to send the LPP OTDOA-ProvideLocationInformation message: 
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Proposal 7: RAN2 to discuss if connected mode DRX or Idle mode is used for inter-frequency RSTD measurements
Proposal 8: The InterFreqRSTDMeasurementIndication-NB message includes the NB-IoT carrier frequency info and LPP response time (responseTime)
Positioning in NB-IoT
The UE may need to aggregate the downlink reference signal (NPRS/PRS) for several occasions (repetitions) in order to obtain a proper TOA estimation (i.e. position accuracy) and different frequencies. When the UE is in coverage enhancements, the UE may have a reduced measurement accuracy. In NB-IoT also the transmission of (long) message takes longer time, i.e. to send the measurement report when the UE is in coverage enhancements. A longer response time, compared to legacy LTE, should be anticipated. SA2 discussed these aspects, and it is suggested that RAN2 makes the following assumptions [4], [5]: 
Assumption 1: MME may provide an NB-IoT indication and CE level to the E-SMLC which enables the E-SMLC to take into account potential limitations for the message size (e.g. assistance data) and response time (location information) in NB-IoT
Assumption 2: MME provide an NB-IoT indication to an E-SMLC which enables the E-SMLC to take into account the lack of AS security
3 Summary

RAN2 is kindly asked to discuss the RAN2 impact to support E-CID, OTDOA and UTDOA positioning for NB-IoT: 

Proposal 1: LPP is used to report the UE measurements for E-CID and OTDOA

Proposal 2: RAN2 to consider potential enhancements to LPP to limit the LPP message size

Proposal 3: The LPP capabilities for E-CID positioning can be re-used for NB-IoT

Proposal 4: The LPP capabilities for OTDOA positioning can be re-used for NB-IoT

Proposal 5: RAN2 to wait for input from RAN1 concerning the assistance data for OTDOA in NB-IoT

Proposal 6: Add carrierFreqOffset-r13 to OTDOA-NeighbourCellInfoElement
Proposal 7: RAN2 to discuss if connected mode DRX or Idle mode is used for inter-frequency RSTD measurements

Proposal 8: The InterFreqRSTDMeasurementIndication-NB message includes the NB-IoT carrier frequency info and LPP response time (responseTime)
Assumption 1: MME may provide an NB-IoT indication and CE level to the E-SMLC which enables the E-SMLC to take into account potential limitations for the message size (e.g. assistance data) and response time (location information) in NB-IoT
Assumption 2: MME provide an NB-IoT indication to an E-SMLC which enables the E-SMLC to take into account the lack of AS security
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� Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)


� Type2: TADV = eNB Rx – Tx time difference;


� the set of cells in the OTDOA-NeighbourCellInfoList is grouped per frequency layer and in the decreasing order of priority for measurement to be performed by the target device, with the first cell in the list being the highest priority for measurement and with the same earfcn not appearing in more than one instance of OTDOA NeighbourFreqInfo.
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