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1 Introduction

In RAN#69, a new work item (WI) was approved for Indoor Positioning enhancements for UTRA and LTE [1]. 

According to this WI description, one of the works planned for the next meeting in RAN2#91-bis is as follows:

•
Detailed discussion on LPP support for TBS, and LPP modification for OTDOA/ECID same PCI problem (modified/add a few IEs in 36.355).

For RAN1#82bis, the work plan is following:

•
Finalize the list of OTDOA and E-CID enhancements.  Prioritize the enhancements without RAN1 impact e.g. time domain separation method to solve same PCI problem (as classified in TR36.855), RSTD quantization error, and CRS usage together with PRS for RSTD measurements.

The accuracy of both ECID and OTDOA-based positioning depends on the resolution of the measurement reports for UE Rx-Tx time difference and the measured RSTDs that are conveyed from the UE to the E-SMLC. 

In this contribution, the LPP signalling support and modifications for increasing the resolution of these measurements in OTDOA/ECID, will be discussed.  Even RAN1 still is going to finalize enhancements, here we discuss RAN2 aspects.
2 Motivation
The RAN4 SI TR 36.855 [2] on positioning enhancements concluded that

1) The link level simulation results show that improvements on RSTD measurement performance can be achieved by using wider PRS BW.

2) Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.

3) The link level simulation results show that RSTD measurement performance for 3 MHz is better than the performance for 1.4 MHz which was used to define the existing RSTD requirements.

On the other hand, the positioning related functionalities in current 3GPP specifications were designed for outdoor scenarios since release 9. In the indoor positioning SI [3], the target was to enhance the positioning performance for indoor scenarios, where much higher positioning accuracy is demanded. This could be limited by the RSTD resolution which is currently 1 Ts at best, which is equivalent to approximately 9.8 meters. This resolution is inadequate for accurate indoor positioning. 

Based on all these observations, we can emphasize on the fact that 0.25 Ts is a futureproof enhancement while considering wider BWs, and moreover by the advanced UE receivers which take advantage of CRS measurements.

3 Provide capability to support higher resolution for OTDOA 

To provide a proper support for having a higher resolution of RSTD measurements, there are four main aspects which should be considered:

1. To allow the reporting resolution to be 0.5Ts or even 0.25Ts, there should be some indication of capability from the UE via OTDOA-ProvideCapabilities. 

2. Optionally, the location server may indicate to the UE which reporting resolution to use. This can be conveyed via OTDOA-ProvideAssistanceData, or via  OTDOA-RequestLocationInformation

3. While above capability is provided and a specific report resolution may be requested,  the UE may either use the indicated reporting resolution, or select between several resolution options. In case of the latter, there need to be some indication in the OTDOA-SignalMeasurementInformation to inform about the selected resolution.

4. With finer reporting resolution, it makes sense to indicate the resulting error-Value with a more granular value, which for example could be indicated by a finer error-Resolution.

Below, we will explain each aspect in more detail with the corresponding required modification.

3.1 New UE Capability
The IE OTDOA-ProvideCapabilities is used by the target device to indicate its capability to support OTDOA and to provide its OTDOA positioning capabilities to the location server. This is the current information included in this signalling:
-- 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

	OTDOA-ProvideCapabilities field descriptions

	otdoa-Mode

This field specifies the OTDOA mode(s) supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular OTDOA mode is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means OTDOA positioning method is not supported by the target device.

	SupportedBandEUTRA

This field specifies the frequency bands for which the target device supports RSTD measurements. One entry corresponding to each supported E‑UTRA band as defined in TS 36.101 [21]. In case the target device includes bandEUTRA-v9a0, the target device shall set the corresponding entry of bandEUTRA (i.e. without suffix) to maxFBI.

	interFreqRSTDmeasurement

This field, if present, indicates that the target device supports inter-frequency RSTD measurements within and between the frequency bands indicated in SupportedBandEUTRA.

	additionalNeighbourCellInfoList

This field, if present, indicates that the target device supports up to 3×24 OTDOA-NeighbourCellInfoElement in OTDOA‑NeighbourCellInfoList in OTDOA-ProvideAssistanceData without any restriction for the earfcn in each OTDOA-NeighbourCellInfoElement as specified in subclause 6.5.1.2.


The capability of supporting finer reporting can be introduced in the OTDOA-ProvideCapabilities by one of the following alternatives: 

- Introduce new otdoa-Modes, for example to indicate support for .5 Ts and .25 Ts

- Introduce a new capability for RSTD quantization

- Introduce a new capability for each entry in SupportedBandEUTRA, 

The first two are both plausible, while there are no obvious reasons why the resolution capability should be per band.

Proposal 1 Introduce UE specific capability by modifying OTDOA-ProvideCapabilities in 36.355 for 0.5 TS and 0.25 Ts granularities.

3.2 Requesting a Specific Report Resolution

The location server may request a specific report resolution based on the indicated capability from the UE. For example, this can be specified as part of the OTDOA-RequestLocationInformation 

-- ASN1START

OTDOA-RequestLocationInformation ::= SEQUENCE {


assistanceAvailability

BOOLEAN,


...

}

-- ASN1STOP

Alternatively, it can be included in the OTDOA-ProvideAssistanceData;

-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {


otdoa-ReferenceCellInfo


OTDOA-ReferenceCellInfo



OPTIONAL,
-- Need ON


otdoa-NeighbourCellInfo


OTDOA-NeighbourCellInfoList


OPTIONAL,
-- Need ON


otdoa-Error





OTDOA-Error






OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

3.3 Report Resolution in the Location Information Response

The IE OTDOA-SignalMeasurementInformation is used by the target device to provide RSTD measurements to the location server.
-- 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

	Conditional presence
	Explanation

	NotSameAsRef0
	The field is absent if the corresponding earfcnRef-v9a0 is present. Otherwise, the target device shall include this field if the EARFCN of the RSTD reference cell is not the same as the EARFCN of the assistance data reference cell provided in the OTDOA assistance data.

	NotSameAsRef1
	The field is absent if the corresponding earfcnRef is present. Otherwise, the target device shall include this field if the EARFCN of the RSTD reference cell is not the same as the EARFCN of the assistance data reference cell provided in the OTDOA assistance data.

	NotSameAsRef2
	The field is absent if the corresponding earfcnNeighbour-v9a0 is present. Otherwise, the target device shall include this field if the EARFCN of this neighbour cell is not the same as the earfcnRef for the RSTD reference cell.

	NotSameAsRef3
	The field is absent if the corresponding earfcnNeighbour is present. Otherwise, the target device shall include this field if the EARFCN of this neighbour cell is not the same as the earfcnRef for the RSTD reference cell.


	OTDOA-SignalMeasurementInformation field descriptions

	systemFrameNumber

This field specifies the SFN of the RSTD reference cell containing the starting subframe of the PRS positioning occasion if PRS are available on the RSTD reference cell, or subframe of the CRS for RSTD measurements if PRS are not available on the RSTD reference cell during which the most recent neighbour cell RSTD measurement was performed.

	physCellIdRef 

This field specifies the physical cell identity of the RSTD reference cell.

	cellGlobalIdRef

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the RSTD reference cell. The target shall provide this IE if it knows the ECGI of the RSTD reference cell.

	earfcnRef

This field specifies the EARFCN of the RSTD reference cell.

	referenceQuality

This field specifies the target device’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.

	neighbourMeasurementList

This list contains the measured RSTD values for neighbour cells together with the RSTD reference cell, along with quality for each measurement.

	physCellIdNeighbour

This field specifies the physical cell identity of the neighbour cell for which the RSTDs are provided.

	cellGlobalIdNeighbour

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the neighbour cell for which the RSTDs are provided. The target device shall provide this IE if it was able to determine the ECGI of the neighbour cell at the time of measurement.

	earfcnNeighbour

This field specifies the EARFCN of the neighbour cell used for the RSTD measurements.

	rstd

This field specifies the relative timing difference between this neighbour cell and the RSTD reference cell, as defined in [17]. Mapping of the measured quantity is defined as in [18] subclause 9.1.10.3.

	rstd-Quality

This field specifies the target device’s best estimate of the quality of the measured rstd.


The UE may follow either the best possible resolution as indicated in the capability or use the requested resolution from the location server. However, it may also opt to use a different resolution. Therefore, there is a need to indicate the considered report resolution to indicate how to interpret the rstd value. This indication can either be part of the OTDOA-SignalMeasurementInformation or part of the NeighbourMeasurementElement.
Proposal 2 Include an indication about used RSTD resolution with the location information from the UE.

3.4 Finer Error Resolution

With OTDOA enhancements including higher quantization resolution and also considering the indoor scenarios, the minimum range of 0 to 4m error according to OTDOA-MeasQuality field descriptions seems to be large and by considering a finer reporting resolution, it makes sense to indicate the resulting error-Value with a more granular value, which for example could be indicated by a finer error-Resolution. For this purpose, the number of bits for error-Resolution can be changed from 2 to 3, and by this we have an option of having more error grouping. With this option we are not omitting anything which can be reported until now, but we will actually have the possibility to have more error resolution option.
3.4.1.1 –
OTDOA-MeasQuality

-- 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-MeasQuality field descriptions

	error-Resolution

This field specifies the resolution R used in error-Value field. The encoding on two bits is as follows:


'00'


5   meters


'01'


10 meters


'10'


20 meters


'11'


30 meters.

	error-Value

This field specifies the target device’s best estimate of the uncertainty of the OTDOA (or TOA) measurement.

The encoding on five bits is as follows:


'00000'
0 

to 
 (R*1-1) meters


'00001' 
R*1 
to
 (R*2-1) meters


'00010'
R*2 
to
 (R*3-1) meters


…


'11111'
 R*31 
meters or more;

where R is the resolution defined by error-Resolution field. 

E.g. , R=20 m corresponds to 0-19 m, 20-39 m,…,620+ m. 

	error-NumSamples

If the error-Value field provides the sample uncertainty of the OTDOA (or TOA) measurement, this field specifies how many measurements have been used by the target device to determine this (i.e., sample size). Following 3 bit encoding is used:

‘000’

Not the baseline metric


'001'

5-9


'010'

10-14


'011'

15-24


'100'

25-34


'101'

35-44


'110' 

45-54


'111'

55 or more.

In case of the value ‘000’, the error-Value field contains the target device’s best estimate of the uncertainty of the OTDOA (or TOA) measurement not based on the baseline metric. E.g., other measurements such as signal-to-noise-ratio or signal strength can be utilized to estimate the error-Value.
If this field is absent, the value of this field is ‘000’.


Proposal 3 Modify error-Resolution to include finer granularities.

4 Provide capability to support higher resolution for ECID
Some arguments and proposals described above for OTDOA measurements may also be valid for other positioning schemes e.g. E-CID UE Rx-Tx time difference measurement. Higher-resolution measurements are favourable for indoor positioning by E-CID. This requires signalling support in relation to table indication if there is a need for new measurement tables and capability indication from the UE side, for example, enhancement in IE ECID-ProvideCapabilities.
Proposal 4 Consider signalling support for higher-resolution measurements also for other positioning schemes, e.g., E-CID.

5. Conclusions

Based on the discussion in previous sections the following is proposed:
Proposal 1
Introduce UE specific capability by modifying OTDOA-ProvideCapabilities in 36.355 for 0.5 TS and 0.25 Ts granularities.
Proposal 2
Include an indication about used RSTD resolution with the location information from the UE.
Proposal 3
Modify error-Resolution to include finer granularities.
Proposal 4
Consider signalling support for higher-resolution measurements also for other positioning schemes, e.g., E-CID.
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