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1. 

Introduction
At RAN1#80bis meeting, it was agreed to study PRS transmission enhancements for the same PCI case [1]. Solutions based on muting were proposed in [2]; solutions to decouple the PRS sequence generation from the PCI were proposed in [3, 4]. 
In this contribution we compare these two main proposals, and provide a Text Proposal for TR 37.857.
2.  

PRS Transmission Enhancements for the same PCI Case
In certain het-net deployments, some non-collocated RRHs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [5] as shown in Figure 1 below). Similar, small cell enhancements scenarios [6] may result in a shared PCI deployment scenario. 
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Figure 1: Network with low power RRHs within the macro cell coverage deployed with same PCI.
Since the PRS is 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.   
The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated RRHs).  However, this would reduce the number of possible UE measurements for positioning, since the RRH transmission points would not be exploited. 

To solve this problem in a backwards compatible manner, a different PRS sequence can be generated for the associated RRHs. In that way, the macro cell could continue to transmit the legacy PRS sequence, and legacy UEs would continue to measure the macro cell PRS only. However, new UEs may in addition measure the RRH signals, for which additional OTDOA assistance data can be provided. 

2.1
 

PRS sequence generator initialization

The pseudo-random sequence generator for the PRS sequence may initialized with [7]
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or alternatively with
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at the start of each OFDM symbol where 
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   Physical layer cell identity
NRRH 
   RRH identity (e.g., 1, 2, …).


NRRH is a newly introduced identity associated with a particular transmission point associated with the same PCI. NRRH is absent (or zero) for the macro cell. NRRH may be just an integer starting at zero, or with an offset of e.g., 503. In this case, new "effective PCIs" (or "virtual PCIs") > 503 would be used for the RRHs/TX points, but still in a backwards compatible manner. I.e., the CRS information within a positioning occasion would not be lost (Note, OFDM symbols 0 and 4 contain the CRS [7] in a positioning subframe).
NRRH may also be identical to the "Cell Portion ID" defined in LPPa [11]. 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 Rel-12 in order to obtain Cell-ID location to a finer granularity in case of RRHs are deployed (see 3GPP TS TS 29.171, TS 29.172, and TS 36.455).   
Therefore, the PRS sequence depends on the physical cell ID (PCI, 
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), and on the RRH/TX point ID. This would enable legacy UEs still to measure the macro cell PRS and CRS; new UEs which are able to understand the additional assistance data could measure the RRH transmission points in addition. 
The vshift of the PRS pattern for the RRHs may be defined based on the sum of PCI and RRH/TX point ID; e.g., 
vshift = (
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+ NRRH)mod 6. By this, the TX points are separated in code- and frequency domain, which should not create additional interference for legacy UEs which can measure only the macro cell. The result is the same as would be a dedicated PCI assigned to each RRH. 
2.2


LPP Assistance Data and Measurement Report additions

The LPP [8] modifications required to support the solution described in section 2.1 above are straight forward. Whenever a cell is identified by the PCI, an additional identifier for the RRH/TX point is needed, as shown below (the underlined part is an extension to support the solution described in section 2.1 above):
–
OTDOA-ReferenceCellInfo
-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {


physCellId




INTEGER (0..503),


cellGlobalId



ECGI





OPTIONAL,

-- Need ON


earfcnRef




ARFCN-ValueEUTRA


OPTIONAL,

-- Cond NotSameAsServ0


antennaPortConfig


ENUMERATED {ports1-or-2, ports4, ... }
















OPTIONAL,

-- Cond NotSameAsServ1


cpLength




ENUMERATED { normal, extended, ... },


prsInfo





PRS-Info




OPTIONAL,

-- Cond PRS


...,


[[ earfcnRef-v9a0


ARFCN-ValueEUTRA-v9a0

OPTIONAL

-- Cond NotSameAsServ2


]],

rrhID





INTEGER (0..MAX)


OPTIONAL

}

-- ASN1STOP

–
OTDOA-NeighbourCellInfoList
-- ASN1START

OTDOA-NeighbourCellInfoList ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF OTDOA-NeighbourFreqInfo

OTDOA-NeighbourFreqInfo ::= SEQUENCE (SIZE (1..24)) OF OTDOA-NeighbourCellInfoElement
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







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


]],


rrhID






INTEGER (0..MAX)


OPTIONAL
}

maxFreqLayers
INTEGER ::= 3

-- ASN1STOP

–
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


]],


rrhID-Ref



INTEGER (0..MAX)

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


]],

rrhID-Neighbour


INTEGER (0..MAX)

OPTIONAL
}

-- ASN1STOP

2.3


Comparison with muting-based solution

In [2], it is proposed to distinguish the TX points via orthogonal muting pattern. In order to enable the location server to determine the TX point antenna coordinates, the UE must report the muting pattern together with the RSTD measurement. Therefore, compared to the proposed solution in section 2.1 where the TX points are separated in code- and frequency domain, the TX points are separated in time domain. However, there are several disadvantages with this approach:
1. Backwards compatibility. The UE need to report the muting pattern for each cell measured. Therefore, only new UEs would be able to measure the macro cell and the RRHs. Legacy UEs would measure a "composite signal" and the location server would not be able to identify the transmission point the UE measured. With the solution proposed in section 2.1 above, legacy UEs would still be able to measure at least the macro cell. 

2. With a 16-bit muting pattern, at most 16 transmission points/cells could be separated. However, LPP supports assistance data and measurements for up to 72 cells [8]. 

3. Muting pattern are designed to reduce interference, and not to distinguish transmission points. Therefore, the muting pattern network planning would have to change, and may get more complicated in case of RRH separation must be considered in addition.
4. Reporting the muting pattern back to the location server would be additional overhead. E.g., the UE would need to determine for which measurement the muting pattern need to be reported. I.e., reporting the muting pattern for macro cells would not be needed. 

5. With the proposed solution in section 2.1, the performance would essentially be the same as if a dedicated PCI would be assigned to each RRH. Indeed, the solution is effectively using a unique PCI for each transmission point defined as PCI+NRRH, but without creating issues for legacy UE implementations which use PRS and/or CRS for RSTD measurements.  Muting could be used in addition as usual, to reduce the PRS interference from neighbour cells/RRHs. 

4. 

Initial Evaluation Results

For evaluation, we consider Case #1 with 4 small cells per cluster [9]. The simulations are performed as described in [10]. In particular, a 16-bit random muting pattern with 50% duty cycle is used together with 10log6 dB power boosting. Legacy UEs would be able to measure the macro cells only, and therefore, the performance is the same as for the macro only scenario [10]. New UEs would be able to measure the small cells in addition, since they transmit a different PRS sequence with a different vshift, which results in improved performance, as shown in Figure 2 below. I.e., the performance would be the same as if separate PCIs are assigned to each small cell.
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Figure 2: PRS Transmission Enhancements for the same PCI Case.

5. 

Summary

In this contribution, we proposed to distinguish the PRS transmission points in shared PCI scenarios via a different PRS sequence and vshift.  A text proposal for 37.857 [9] is provided in the Annex of this contribution. 
Proposal 1:
Include the attached text proposal in TR 37.857 [9].

References

[1]
R1-152378, "Chairman’s notes on indoor positioning enhancements for UTRA and LTE". 

[2]
R1-151444, "OTDOA Performance in Shared Cell ID Scenario", Intel Corporation, RAN1#80bis.

[3]
R1-151833, "Potential enhancements for OTDOA", Nokia Networks, RAN1#80bis.
[4]
R1-151422, "OTDOA Positioning Enhancements", Qualcomm Incorporated, RAN1#80bis.

[5]
3GPP TR 36.819, "Coordinated multi-point operation for LTE - physical layer aspects".
[6]
3GPP TR 36.872, "Small cell enhancements for E-UTRA and E-UTRAN – physical layer aspects". 

[7]
3GPP TS 36.211, "Physical channels and modulation".  
[8]
3GPP TS 36.355, "LTE Positioning Protocol (LPP)".

[9]
3GPP TR 37.857, "Study on Indoor Positioning Enhancements for UTRA and LTE".

[10]
R1-152799, "Indoor Positioning Simulation Results", Qualcomm Incorporated, RAN1#81.
[11]
3GPP TS 36.455, "LTE Positioning Protocol  A (LPPa)".

Annex:
Text Proposal for TR 37.857 V0.3.0
2

References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1] RP-141102, “Revised SID: Study on Indoor Positioning Enhancements for UTRA and LTE”

[2] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[3] 3GPP TS 22.071: “Location Services (LCS); Service description; Stage 1”.

[4] 3GPP TR 36.873: “Study on 3D channel model for LTE”.

[5] 3GPP TR 36.819: “Coordinated multi-point operation for LTE physical layer aspects”.

[6] 3GPP TR 36.872: “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects”.

[7] 3GPP TR 36.814: “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”.

[8] 3GPP TS 36.133: “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”.

[9] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements”.

[10] R1-103410: “Chairman’s note on simulation assumptions for UTDOA”. 
[11] 3GPP TS 36.211, "Physical channels and modulation".
[12] 3GPP TS 36.455, "LTE Positioning Protocol  A (LPPa)".  
7 

Studied Positioning Technology Enhancements

7.1
 
RAT-dependent Positioning Technologies


7.1.1
 
OTDOA Enhancements

Editor’s Note: Other potential OTDOA enhancements are not precluded for evaluation.

7.1.1.1
Enhanced Positioning Reference Signals 

For purposes of evaluation, potential enhancements related to PRS include the following candidates; increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case.
7.1.1.1.a

PRS transmission enhancements for the same PCI case
In certain het-net deployments, some non-collocated RRHs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [5] as shown in Figure 1 below). Similar, small cell enhancements scenarios [6] may result in a shared PCI deployment scenario. 
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Figure 7.1.1.1.a-1: Network with low power RRHs within the macro cell coverage deployed with same PCI.
Since the PRS is 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.   

The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated RRHs).  However, this would reduce the number of possible UE measurements for positioning, since the RRH transmission points would not be exploited. 

To solve this problem in a backwards compatible manner, a different PRS sequence can be generated for the associated RRHs. In that way, the macro cell could continue to transmit the legacy PRS sequence, and legacy UEs would continue to measure the macro cell PRS/CRS only. However, new UEs may in addition measure the RRH signals, for which additional OTDOA assistance data can be provided.
The pseudo-random sequence generator for the PRS sequence may initialized with [11]:
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or alternatively with
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at the start of each OFDM symbol where 
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   Physical layer cell identity
NRRH 
   RRH identity.


NRRH is a newly introduced identity associated with a particular transmission point associated with the same PCI. NRRH is absent (or zero) for the macro cell. NRRH may be just an integer starting at zero, or with an offset of e.g., 503. In this case, new "effective PCIs" (or "virtual PCIs") > 503 would be used for the RRHs/TX points, but still in a backwards compatible manner. I.e., the CRS information within a positioning occasion would not be lost (Note, OFDM symbols 0 and 4 contain the CRS [11] in a positioning subframe).
NRRH may also be identical to the "Cell Portion ID" defined in LPPa [12]. 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 Rel-12 in order to obtain Cell-ID location to a finer granularity in case of RRHs are deployed [12].   
Therefore, the PRS sequence depends on the physical cell ID (PCI, 
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), and on the RRH/TX point ID. This would enable legacy UEs still to measure the macro cell PRS and CRS; new UEs which are able to understand the additional assistance data could measure the RRH transmission points in addition. 

The vshift of the PRS pattern may be defined based on the sum of PCI and RRH/TX point ID; e.g., 
vshift = (
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+ NRRH)mod 6. By this, the TX points are separated in code- and frequency domain, which should not create additional interference for legacy UEs which can measure only the macro cell.

7.1.1.2
Enhanced RSTD measurements

For purposes of evaluation, potential enhancements related to RSTD measurements include the following candidates: reduction of RSTD quantization error and measurement performance enhancements under Wide-band PRS.

7.1.2
D2D aided positioning

D2D aided positioning should also be evaluated as one of the potential enhancement techniques for indoor positioning.

Editor’s Note: Required signaling and reports are FFS.
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