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1 Introduction

Part of the objective of the WI on further indoor positioning enhancements [1] consists of

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]
The impact of richer UE feedback has been previously discussed in [2-4]. In this contribution we present simulation results to motivate the positioning enhancement obtained by receiving more   showed promising results in terms of positioning accuracy. In this contribution, we further discuss the potentials of a richer UE feedback.
2 Richer UE feedback
As discussed in [2], the existing RSTD accuracy report is adequate in line-of-sight (LoS) conditions when the time of arrival (TOA) estimates reflect the LoS peak. However, if the UE receiver selects a non-LoS (NLoS) peak to reflect the TOA estimate, then the TOA estimate, as well as the RSTD estimate, is biased, resulting in a significant positioning error.  
Observation 1: Rich feedback on PRS correlation function characteristic to represent multiple RSTD hypotheses can improve positioning performance.
Some proposed enhancements in the study item [5], can benefit more while having multiple hypotheses of UE position at the location server. For example, the impact of randomized PRS patterns for reduced need of muting will create more interference, and a reporting format that is not as heavily impacted by peaks caused by an interfering signal is desirable. That is, a rich UE feedback can reduce the possible error of peaks caused by interfering signals. Furthermore, richer UE feedback can also reduce the need of muting since the peaks of interfering signals can be handled by the multiple RSTD hypotheses at the location server.
Observation 2: Rich feedback on PRS correlation function can reduce the error caused by interfering signals.
The benefit of increased positioning accuracy comes with a cost of increased UE reporting. However, the time lags of the different peaks (possible TOA estimates) from a cell are close in time and this property can be used to create a compact reporting format. For example, if these lags are represented relative the first time lag, very few bits are needed to represent each peak, which means that the additional signalling costs are very limited, especially compared to the potential benefits. 
One example illustrating the rich UE feedback method is shown in Figure 1. In Figure 1, the TOA estimate is accurate for eNB 1 and 3, while eNB 2 is having two candidate TOA estimates allowing multiple hypothesis (depicted in the grey area)  at the location server. The uncertainty for eNB 2 can be caused by weak LoS peak or an interfering signal. The RSTDs reported in this example are (τ1- τ2; τ1- τ3; τ1- τ2,1; τ1- τ2,2) .
Observation 3: The reporting format can be made short using compact reporting format.
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Figure 1: Multiple hypothesis in position estimation using rich UE feedback
3 One RSTD reporting vs. multiple RSTD reporting
It is highly relevant to consider rich UE feedback to include information about multiple RSTD hypotheses, since this has the potential to bring down the positioning accuracy significantly. Figure 2 compares the likelihood of possible horizontal UE positions when considering two eNBs using existing (one RSTD hypothesis) and the proposed multiple RSTD reporting. By comparing the likelihood function of possible UE locations in Figures 2a and 2b, it is observable that the probability to estimate a more accurate UE position increases with a richer RSTD UE feedback.
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Figure 2a: Likelihood when using multiple RSTD reporting
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Figure 2b: Likelihood when using the existing one RSTD reporting


Observation 4: Reporting multiple peaks from the PRS correlation function is one of the characteristics which can be considered for the rich UE feedback.
The positioning estimation obtained by considering multiple RSTD reporting has been compared to the conventional one RSTD reporting in Figure 3. Looking at the 80% percentile, the conventional one RSTD reporting gives below 40m accuracy, while the proposed multiple RSTD reporting gives below 20m accuracy, which is a significant improvement.
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Figure 3: Positioning estimation comparison of one vs. multiple RSTD reporting
Observation 5: Multiple RSTD reporting can significantly enhance the positioning estimation. 
To consider the overhead of the extra reporting for the proposed multiple RSTD reporting, we have plotted the number of peaks (TOA estimations) reported for each UE-cell link. According to Figure 4, one peak reporting is sufficient for more than 40% of the links, while 74% of the links require not more than two peaks to be reported. 
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Figure 4: Number of peak (TOA estimation) reporting for the multiple RSTD reporting result presented in Figure 3
Observation 6: Considering the positioning enhancement, the overhead due to multiple RSTD reporting can be bearable.
Proposal 1: Introduce rich RSTD UE feedback based on PRS correlation function characteristics.
4 Proposed LPP change
Based on the above discussion, we propose to extend LPP with a new attribute called CFCInfo (Correlation Function Characteristics Information) to be optionally reported for both the reference cell and the neighbor cells.
-- 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,


cfcInfo




CFCInfo




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,

cfcInfo




CFCInfo




OPTIONAL,

...,


[[ earfcnNeighbour-v9a0
ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef3


]]

}

-- ASN1STOP

Proposal 2: Recommend RAN2 to consider extending LPP to support CFCInfo for enabling rich UE feedback for both the reference cell and neighbor cells.
· Desired change is drafted in an LS [6] 

5 Conclusions
In this contribution we have discussed a rich UE feedback, and have the following observations and proposals:

Observation 1: Rich feedback on signal correlation function characteristic to represent multiple RSTD hypotheses can improve positioning performance.
Observation 2: Rich feedback on PRS correlation function can reduce the error caused by interfering signals.
Observation 3: The reporting format can be made short using compact reporting format.

Observation 4: Reporting multiple peaks from the PRS correlation function is one of the characteristics which can be considered for the rich UE feedback.

Observation 5: Multiple RSTD reporting can significantly enhance the positioning estimation. 

Observation 6: Considering the positioning enhancement, the overhead due to multiple RSTD reporting can be bearable.

Proposal 1: Introduce rich RSTD UE feedback based on PRS correlation function characteristics.

Proposal 2: Recommend RAN2 to consider extending LPP to support CFCInfo for enabling rich UE feedback for both the reference cell and neighbor cells.
· Desired change is drafted in an LS [6] 
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