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1 Introduction

A new WI of further Indoor positioning enhancements for UTRA and LTE has been approved in RAN plenary #71 meeting. In RAN1, the options for OTDOA /E-CID enhancements will be sorted out with the progress achieved in the Release 13 indoor positioning Work Item as the starting point.

As discussed in TR36.855 and TR37.857, it is vitally important for an operator to be able to use small cells in their deployment for positioning, which requires solutions to the “same PCI” problem. In fact, small cells were clearly shown to be able to provide accurate horizontal and vertical positioning. 

In the Release 13 indoor positioning Work Item, both muting pattern solution and VCID solution were discussed. The VCID solution solves same PCI problem using code/frequency domain separation, while muting pattern solution separates signals from TPs using time domain. Both solutions are feasible and beneficial. 

In this contribution, we provide the basic guidelines to enhance OTDOA for the purpose of dealing with the same PCI problem.
2 Problem Statement

The same PCI problem has been studied both in TR36.855 and TR37.857. 

In certain het-net deployments, some non-collocated TPs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [3] as shown in Figure 1 below). Similarly, small cell enhancements scenarios [2] may result in a shared PCI deployment scenario. 
Since the PRS is associated with the PCI of the cell, identical PRS sequences would be transmitted by multiple transmission points. Therefore, the UE reporting 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.   
The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated TPs).  However, this would reduce the number of possible UE measurements for positioning, since the transmission points would not be exploited at all.
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Figure 1: Network with low power TPs within the macro cell coverage deployed with same PCI.
3 Solutions and specifications impact

Several solutions are given in TR36.855 (section 7.2) and TR37.857 (section 7.1.1) for same PCI problem as listed below with the impacted specification in parentheses:

· OTDOA enhancements for same PCI problem
· Time-domain separation of transmissions from different TPs in the same shared cell
· TP-specific muting pattern (RAN2 LPP/RAN3 LPPa)
· TP-specific set of subframes within a positioning occasion (RAN2 LPP/RAN3 LPPa)
· TP-specific signal sequences 
· Using virtual PCI  (RAN2 LPP/RAN3 LPPa)
· Using CSI-RS for RSTD  (RAN2 LPP/RAN3 LPPa/RAN4 TS36.133)
A summary and comparison of different solutions for OTDOA enhancements can be found in TR36.855 section 7.2.3.2. Solution performances are extensively studied in TR36.855 and TR37.857. 

In this paper, we provide the basic guidelines to enhance OTDOA for the purpose of dealing with the same PCI problem. We also demonstrate that muting pattern solution can be automatically supported once VCID solution is supported. By doing so, operators can have full degree of freedom in time/frequency/code domain to support OTDOA in same PCI scenario in order to adapt to various heterogeneous network deployments.
3.1 Discussion on the OTDOA enhancements in the same PCI scenario
The E-SMLC could only configure/collect positioning information per eNB based on PCI currently. To enable E-SMLC to configure/collect positioning information per TP as shown in figure 2, a new “TP-ID” is needed in order to make UE distinguish TPs via LPP signalling. The TP can be uniquely identified using PCI and TP-ID.
Currently muting information is attached in the LPP signalling and is per PCI based. If the TP-ID is introduced to identify TPs, the muting information could be automatically attached to the TP-ID. Based on this TP-ID, E-SMLC could configure different TPs with different muting pattern as shown in figure 2. 
Observation: If the “TP-ID” is introduced to let network/UE identify TPs, the TP-specific muting pattern separation is automatically supported.
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Figure 2: LPP information for different TPs 

In order to support VCID, a “NVCID” is needed to generate the TP-specific PRS sequence/vshift. It is recommended to define both TP-ID and “NVCID”. “TP-ID” is used to configure TP-specific PRS and report the RSTD results, while “NVCID” is used to generate PRS sequence. It follows the same design principle of legacy MeasCSI-RSI-Config in Release 12, where measCSI-RS-Id is used to configure and report, while scramblingIdentity is used to generate CSI-RS sequence. Some details are shown as follows.
	Extract from TS36.331 and TS36.211:
1.When configuring CSI-RS:
MeasCSI-RS-Config-r12 ::=

SEQUENCE {


measCSI-RS-Id-r12



MeasCSI-RS-Id-r12,

physCellId-r12




INTEGER (0..503),


scramblingIdentity-r12


INTEGER (0..503),


resourceConfig-r12



INTEGER (0..31),


subframeOffset-r12



INTEGER (0..4),

csi-RS-IndividualOffset-r12

Q-OffsetRange,


...

}

2.When generating CSI-RS sequence:
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3.When reporting CSI-RS:
MeasResultCSI-RS-r12 ::=

SEQUENCE {


measCSI-RS-Id-r12



MeasCSI-RS-Id-r12,

csi-RSRP-Result-r12



CSI-RSRP-Range-r12,

...
}


Proposal 1: Define “TP-ID” and “NVCID” to identify TPs and generate PRS sequence/vshift respectively.
The TP-ID can be identical to the "Cell Portion ID" defined in LPPa [20]. A Cell Portion is a geographical part of a cell and uniquely identified by its "Cell Portion ID". The "Cell Portion ID" has been introduced in Release 12 in order to obtain Cell-ID location to a finer granularity in case of TPs are deployed. The details of naming “TP-ID” can be left to RAN2.
In this way, UE can identify the TP from which PRS is send. The corresponding muting pattern and/or PRS sequence/vshift can also be understood clearly. An example of LPP changing to enable the OTDOA enhancements is given as follows.
Table 1. Example of LPP changing in TS36.355 to enable OTDOA enhancements
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   (Contian muting info)

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


]],


[[  TP-Id-r13               INTEGER (0..255)


OPTIONAL

-- Need OR



N-VCID-r13

INTEGER (0, 504-1024)           OPTIONAL

-- Need OR

]]
-- 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

When reporting, UE only reports TP-ID along with RSTD results in order to make E-SMLC understand that the TP corresponding to.
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


]],


[[
TP-Id-r13
INTEGER (0..255)

OPTIONAL

]]
At this point, we have provided the basic guidelines to enhance OTDOA for the purpose of dealing with the same PCI problem. We have also demonstrated that muting pattern solution can be automatically supported once VCID solution is supported. Operators can have full degree of freedom by using time and/or frequency and/or code domain to support OTDOA in same PCI scenario.
3.2 Discussion on TP-specific PRS sequence design
TPs sharing the same PCI can generate different PRS sequence and/or vshift based on virtual PCI (i.e. NVCID). UE can distinguish TPs in this way. Virtual cell ID planning is needed to avoid/minimize PRS collisions among neighbour TPs in different cells.
The pseudo-random sequence generator for the PRS sequence may initialized with:
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where: 
NVCID 
Virtual Cell ID.
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The vshift of the PRS pattern may also be defined based on the NVCID, e.g., 
vshift = (NVCID) mod 6. The TPs are separated in code and frequency domain, which would not create additional interference to legacy UEs which can measure only on the macro cell.
NVCID is a newly introduced identity associated with a TP-specific PRS sequence/vshift. The PRS sequence depends on the  NVCID, and the CRS sequence depends on the physical cell ID (i.e. PCI/
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The value of NVCID may be extended beyond 512 in order to create more available PRS sequences for TP-specific signals.

Proposal 2: The pseudo-random sequence generator for the PRS sequence may be initialized with the following formula:
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4 Conclusion

In this paper, a solution is provided that combines time domain solution and VCID solution to enhance OTDOA. By doing so, operators can have full degree of freedom in time/frequency/code domain to support OTDOA in same PCI scenario. 

Observation: If the “TP-ID” is introduced to let network/UE identify TPs, the TP-specific muting pattern separation is automatically supported.

Proposal 1: Define “TP-ID” and “NVCID” to identify TPs and generate PRS sequence/vshift respectively.
Proposal 2: The pseudo-random sequence generator for the PRS sequence may be initialized with the following formula:
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