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1.  

Introduction
At RAN#71 meeting, a new work item on "Further Indoor Positioning Enhancements for UTRA and LTE" was agreed [1].  The objectives of this work item include:
For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
RAN1 started the corresponding work at RAN1#84bis meeting (Busan, April 2016). At this meeting, RAN1 decided to prioritize OTDOA enhancements for the shared Cell-ID scenario. In particular, it was agreed [2]:

· Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP

· Support virtual cell ID per TP

· FFS: How to generate PRS sequence/v_shift with the virtual cell ID per TP until RAN1#85
At RAN1#85 (Nanjing, May 2016), RAN1 agreed to define a PRS-ID 
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for PRS sequence generation [3]. In particular:
· For OTDOA same PCI, RAN1 decides to:

· Define
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 for PRS sequence/vshift generation per TP

· With  
[image: image3.wmf]PRS

ID

N

 values ranging FFS

Although, the value range for the PRS-ID 
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still needs to be decided by RAN1, an LS was sent to RAN2 (and RAN3) in order to progress the corresponding work in RAN2 [4]. 

In this contribution, we propose the required LPP changes to support [4]:
a) Positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP;
b) Virtual cell ID per TP

· Define 
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 for PRS sequence/vshift generation per TP; 
· With 
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value range FFS.
2. 

Background
In certain het-net deployments, some non-collocated Remote Radio Heads (RRHs) may have the identical PCI as the associated macro cell [5,6]. Since the PRS is currently associated with the PCI of the cell, identical PRS sequences would be transmitted by multiple transmission points. Therefore, the UE reported RSTD measurements cannot be uniquely associated with a particular transmission point and the location server does not know the actual transmission point coordinates of the signal measured by the UE.
According to RAN1 agreement [4], two different solutions should be supported:

1. Muting-based solution.
In this solution, the transmission points (TPs) with the same PCI have a muting pattern assigned by the network in such a way, that each transmission point with the same PCI is active only during a positioning occasion when all other transmission points with the same PCI are inactive in the same occasion. For example, four transmission points with the same PCI can be distinguished using a 4-bit muting pattern: 
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When the UE measures TP#1 above, it would "see" the PRS only at the first occasion. At this occasion, no other TPs (with the same PCI) are active. Therefore, the UE measured occasion must correspond to TP#1.

The UE need to "remember" the muting pattern during RSTD measurements, and identify the particular muting pattern in the measurement report. Since only one TP with the same PCI is active at a time, the location server can then identify the UE measured TP by the respective muting pattern. 
With an up to 16-bit muting pattern, up to 16 TPs with the same PCI can be distinguished. The corresponding TP is then identified by the PCI and the muting pattern.

2. Virtual-PCI based solution.
In this solution, the PRS pattern/sequence generation is decoupled from the PCI; i.e., the PCI is replaced with a PRS-ID. Therefore, a different PRS sequence can be generated for the transmission points which share the same PCI.  
The Virtual-PCI based solution allows various use cases, e.g.:
a. Shared Cell-ID scenario.
Heterogeneous network deployment with additional TPs (e.g., low power RRHs) within the macrocell coverage, and where these additional transmission points have the same cell ID as the macro cell.

Each TP can have a different PRS-ID assigned, independent of the PCI. Therefore, the additional TPs can be unambiguously identified for RSTD measurements.
b. PCI ambiguity in dense networks.
In dense urban networks (e.g., with many small cells) and proper muting pattern planning, a UE may potentially hear many neighbour cells, and the assistance data neighbour cell list may contain many candidate cells with the same PCI. 

Each cell can have a different PRS-ID assigned, independent of the PCI. Therefore, even if a PCI ambiguity problem would exist, a PRS-ID ambiguity problem can be avoided if a sufficient number of PRS‑IDs are available [7]. 
c. PRS-based Terrestrial Beacon System (TBS).
The PRS-based TBS TPs would be additional TPs (similar to e.g., small cells) which additionally contribute to the PCI ambiguity problem (item (b) above). 

Each PRS-TBS TP can have a different PRS-ID assigned, which is different from any "normal cell" in 
the network. 
3. 

Proposed LPP Changes

The RAN1 agreed changes [4], which are summarized in section 2 above, are all related to the PRS configuration. Therefore, the additional downlink signalling required could be included in the PRS-Info IE in LPP (36.355). The PRS‑Info IE is included in the OTDOA reference cell and neighbour cell information elements when PRS is configured on the particular cell. 
The required changes are straightforward:

1. PRS-Info IE:  
a. The PRS-ID need to be signaled to the UE (the value range for the PRS-ID is currently FFS). 

b. An identifier for the muting pattern need to be signaled to the UE. 
2. OTDOA-SignalMeasurementInformation IE:

a. The RSTD measurements are identified by the PRS-ID.

b. The RSTD measurements are identified by the PCI and the muting pattern identifier.

3. OTDOA-ProvideCapabilities IE:
a. Indication that the PRS-ID is supported by the target device.

b. Indication that the muting pattern identifier is supported by the target device.

–
PRS-Info

-- 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

[[

   
  prsID-r14



INTEGER (FFS)




OPTIONAL,
-- Need ON


  mutingPatternID-r14
INTEGER (0..15)




OPTIONAL
-- Need ON


]]
}

-- ASN1STOP

	PRS-Info field descriptions

	[…]

	prsID

This field specifies the PRS-ID as defined in [16].

	mutingPatternID

This field specifies an identity for the muting pattern used by the transmission point belonging to the cell identified by physCellId in OTDOA-ReferenceCellInfo and/or OTDOA-NeighbourCellInfoElement. This field together with the physical cell identity may be used to identify the transmission point in case the same physical cell ID is shared by multiple transmission points.



–
OTDOA-SignalMeasurementInformation

-- 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


]],


[[


   prsID-Ref-r14



INTEGER (FFS)


OPTIONAL,


   mutingPatternID-Ref-r14

INTEGER (0..15)


OPTIONAL


]]
}

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


]] ,


[[


   prsID-Neighbour-r14



INTEGER (FFS)


OPTIONAL,


   mutingPatternID-Neighbour-r14
INTEGER (0..15)


OPTIONAL


]]
}

-- 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.

	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.

	prsID-Ref

This field specifies the PRS-ID of the RSTD reference cell [16].

	mutingPatternID-Ref

This field specifies the muting pattern used for the RSTD reference cell as provided in the PRS-Info IE for the cell identified by physCellIdRef. 

	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.

	prsID-Neighbour

This field specifies the PRS-ID of the neighbour cell for which the RSTDs are provided [16].

	mutingPatternID-Neighbour

This field specifies the muting pattern used for the neighbour cell as provided in the PRS-Info IE for the cell identified by physCellIdNeighbour.


–
OTDOA-ProvideCapabilities
-- 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,


supportForPRS-ID-r14



ENUMERATED { supported }





OPTIONAL,


supportForMutingPatternID-r14

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

	[…]

	supportForPRS-ID

This field, if present, indicates that the target device supports PRS generation based on the PRS-ID as specified in [16].

	supportForMutingPatternID

This field, if present, indicates that the target device supports RSTD measurements for transmission points which are identified by the physical cell identity together with a muting pattern (i.e., mutingPatternID in PRS-Info IE).


4.

Summary

In this contribution, we proposed the required LPP changes to support [4]:

a) Positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP;
b) Virtual cell ID per TP

· Define 
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 for PRS sequence/vshift generation per TP; 
· With 
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value range FFS.:
A corresponding draft CR is provided in [8].

Proposal 1: Endorse the CR provided in [8] as running CR. 
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