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1.
Introduction
In this contribution we address the following ambiguities wrt the OTDOA assistance data delivery:
· Positioning occasion and PRS muting information ambiguity

· Assistance data reference cell and RSTD reference cell ambiguity

We propose some clarifications to the LPP specification [1] for resolving the above ambiguities that will also allow the UE to operate OTDOA with improved performance. In [3] a CR proposal is provided to incorporate the clarifications into the LPP specification.
2.
Background
OTDOA is supported for synchronous and asynchronous networks (i.e. the eNodeBs may be synchronized or not). In Figure 1 an example of OTDOA configuration for an asynchronous network in FDD mode is shown. To simplify matters only 4 cells with PRS configured are shown (the assistance data reference cell and 3 neighbour cells) with following configurations: 
· The PRS positioning occasions for the assistance data reference cell and the neighbour cells consist of NPRS consecutive downlink subframes = 2.
· Positioning subframe configuration period TPRS = 160ms for the assistance data reference cell and the neighbour cells.
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Figure 1: Example of OTDOA configuration
RAN4 specified requirements for performing intra- and inter-frequency RSTD measurements. As example, in [2], section 8.1.2.6.1 (E-UTRAN FDD-FDD Inter-Frequency OTDOA Measurements), Table 8.1.2.6.1-1 two scenarios for performing inter-frequency RSTD measurements have been specified:
· Inter-frequency RSTD measurements to be performed over the reference cell (on carrier frequency f1) and neighbour cells, which belong to the FDD inter-frequency carrier frequency f2, see Note 1.
· Inter-frequency RSTD measurements to be performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and the FDD inter-frequency carrier frequency f2 respectively, see Note 2.
Table 8.1.2.6.1-1: Number of PRS positioning occasions within 
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	f2 Note1
	f1 and f2 Note2

	160 ms
	16
	32

	>160 ms
	8
	16

	Note 1: When inter-frequency RSTD measurements are performed over the reference cell and neighbour cells, which belong to the FDD inter-frequency carrier frequency f2.

Note 2: When inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and the FDD inter-frequency carrier frequency f2 respectively.


3.
Discussion
In the following we address the ambiguities wrt the OTDOA assistance data delivery and propose some clarifications to the LPP specification [1] for resolving the addressed ambiguities that will also allow the UE to operate OTDOA with improved performance. 
3.1 Positioning occasion and PRS muting information ambiguity
Cell-specific PRS muting information can be signaled per prs-MutingInfo-r9 for the assistance data reference cell and the neighbour cells to improve the “hearability” of PRS and to allow RSTD measurements with high reliability avoiding interference from overlapping positioning occasions. 
-- ASN1START

PRS-Info ::= SEQUENCE {


prs-Bandwidth


ENUMERATED { n6, n15, n25, n50, n75, n100, ... },


prs-ConfigurationIndex
INTEGER (0..4095),


numDL-Frames


ENUMERATED {sf-1, sf-2, sf-4, sf-6, ...},


...,


prs-MutingInfo-r9

CHOICE {



po2-r9




BIT STRING (SIZE(2)),



po4-r9




BIT STRING (SIZE(4)),



po8-r9




BIT STRING (SIZE(8)),



po16-r9




BIT STRING (SIZE(16)),


...


}













OPTIONAL



-- Need OP
}

-- ASN1STOP

prs-MutingInfo

This field specifies the PRS muting configuration of the cell. The PRS muting configuration is defined by a periodic PRS muting sequence with periodicity TREP where TREP, counted in the number of PRS positioning occasions [18], can be 2, 4, 8, or 16 which is also the length of the selected bit string that represents this PRS muting sequence. If a bit in the PRS muting sequence is set to "0", then the PRS is muted in the corresponding PRS positioning occasion. A PRS positioning occasion comprises of NPRS downlink positioning subframes as defined in [16]. The first bit of the PRS muting sequence corresponds to the first PRS positioning occasion that starts after the beginning of the assistance data reference cell SFN=0. The sequence is valid for all subframes after the target device has received the prs-MutingInfo. If this field is not present the target device may assume that the PRS muting is not in use for the cell.

When the SFN of the assistance data reference cell is not known to the UE and prs-MutingInfo is provided for a cell in the OTDOA-NeighbourCellInfoList IE, the UE may assume no PRS is transmitted by that cell.
When the UE receives a 16-bit muting pattern (po16-r9) and PRS periodicity T_PRS of 1280 subframes for the same cell, the UE shall assume an 8-bit muting pattern (po8-r9) based on the first half of the 16-bit muting pattern.
But in our opinion the current field description of prs-MutingInfo (see above) is ambiguous both in intra- and inter-frequency scenarios due to following reasons:
· The signalled PRS muting information is related to the SFN=0 of the assistance data reference cell. But it means that it cannot be used by the UE if the SFN of the assistance data reference cell is not known, and this would then result in severe performance degradation as the RSTD measurements would incur from interference from overlapping positioning occasions. 
· The UE shall assume that a neighbour cell does not transmit PRS if SFN for the assistance data reference cell is not known to the UE. But this will also result in severe performance degradation due to the fact that then the RSTD measurement needs to be based on that cell’s CRS. In general, CRS are transmitted with less power compared to PRS and there are no performance requirements specified by RAN4 for RSTD measurements using CRS.

In intra- and inter-frequency scenarios, and asynchronous network the only cell from which SFN is known is the serving cell. Otherwise it would lead to a new UE requirement to be able to read SFN on PBCH of cells other than the serving cell. In order to avoid the case where signalled PRS muting information cannot be used by the UE if the SFN of the assistance data reference cell is not known we suggest the following clarification:
Proposal 1: To add a note to IE PRS to clarify that the location server should include the target devices’s serving cell in the assistance data as the assistance data reference cell if the field prs-MutingInfo is present for the assistance data neighbour cells. Otherwise the target device may not meet the accuracy requirements as defined in [18].
It should be noted that the current LPP specification [1] already mentions that the serving cell should be part of the assistance data. This is stated by the note in section 6.5.1 in the IE OTDOA-ProvideAssistanceData:
NOTE:
The location server should include at least one cell for which the SFN can be obtained by the target device, e.g. the serving cell, in the assistance data, either as the assistance data reference cell or in the neighbor cell list. Otherwise the target device will be unable to perform the OTDOA measurement and the positioning operation will fail.
3.2 Assistance data reference cell and RSTD reference cell ambiguity
The UE provides RSTD measurements for up to 24 neighbour cells and information related to the RSTD reference cell to the location server per IE OTDOA-SignalMeasurementInformation. In this context the RSTD reference cell may or may not be the same as the assistance data reference cell provided in OTDOA-ReferenceCellInfo, i.e. it is left to UE implementation which cell to select as RSTD reference cell. But according to current specification the RSTD measurements information has to include the mandatory present SFN field of the RSTD reference cell:
-- 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 {


physCellIdNeighbor

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-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.


Same as for PRS muting information above in intra- and inter-frequency scenarios, and asynchronous network the only cell from which SFN is known is the serving cell. Otherwise it would lead to a new UE requirement to be able to read SFN on PBCH of cells other than the serving cell. In order to resolve the ambiguity for the UE which cell to select as RSTD reference cell when it does not have SFN information of the assistance data reference cell we suggest the following clarification:
Proposal 2: To add a note to IE OTDOA-SignalMeasurementInformation to clarify that when the target device does not have SFN information of the assistance data reference cell, the target device should select as an RSTD reference cell one cell for which SFN information is available, e.g. the serving cell.

4.
Summary
In this contribution some ambiguities wrt the OTDOA assistance data delivery have been addressed. In order to resolve the ambiguities the following has been proposed:
Proposal 1: To add a note to IE PRS to clarify that the location server should include the target devices’s serving cell in the assistance data as the assistance data reference cell if the field prs-MutingInfo is present for the assistance data neighbour cells. Otherwise the target device may not meet the accuracy requirements as defined in [18].
Proposal 2: To add a note to IE OTDOA-SignalMeasurementInformation to clarify that when the target device does not have SFN information of the assistance data reference cell, the target device should select as an RSTD reference cell one cell for which SFN information is available, e.g. the serving cell.

In [3] a CR proposal is provided to incorporate the clarifications into the LPP specification.
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