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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]
The TR 37.857 [2] includes several OTDOA enhancements; some of them would not impact RAN1 specifications. One of the enhancements already agreed at RAN1#82bis is the reduced RSTD reporting granularity [3]. Another enhancement without RAN1 impact is the "UE inter-frequency RSTD calibration accuracy reporting" as described in section 7.1.1.2.1 of the TR [2]. 
This contribution proposes to add support for UE inter-frequency RSTD calibration accuracy reporting for OTDOA positioning with the details to be defined by RAN2. 

2. 

Background
In case of PRS are configured on two (or more) LTE carrier frequencies, a UE may need to perform inter-frequency RSTD measurements. Inter-frequency RSTD measurements are measurements performed on a cell (reference or neighbour) whose carrier frequency is different from the UE’s serving cell frequency [4].  Since the TOA measurements may be performed on two different carrier frequencies, the RSTD measurements are affected by an "inter-frequency bias" due to different hardware delays of the two receiver paths. 

Because of this, the UE minimum performance requirements for inter-frequency RSTD measurements are relaxed compared to intra-frequency requirements.  For example, for 10 MHz PRS bandwidth, the minimum performance requirements for intra-frequency RSTD measurements are ±5 Ts; the corresponding requirements for inter-frequency RSTD measurements are ±9 Ts [5]. These requirements can be interpreted such that ±4 Ts accuracy is required for UE calibration. 4 Ts corresponds to about 130 nano-seconds, or about 40 m. 

In practice, this may mean that the UE would need to maintain a calibration table for different carrier frequency pairs to compensate the RSTD measurements for the different hardware delays. Today, with UEs supporting multiple frequency bands, such tables may be quite large, since the hardware delays are usually different for each supported carrier frequency. 

In addition, such calibration tables may never be "perfect", since hardware delays may vary with e.g., temperature, bandwidth and various implementation restrictions (e.g., variation of characteristics in high volume filter parts).

In [2], the impact of UE calibration bias on OTDOA baseline performance was studied. It was shown that for scenarios which require inter-frequency RSTD measurements, the UE calibration error has an impact on OTDOA performance ([2] section 7.1.1.2.1). 
As an example, Figure 1 below shows the horizontal positioning error CDFs for Case#1 (outdoor macro and outdoor small cell deployment scenario) with 4 small cells. The impact of UE calibration error on OTDOA baseline performance is shown for various values of UE calibration error T1 [2]. The Table next to each Figure summarizes the 40-, 50-, 70-, 80- and 90-percentile error values for the different levels of UE calibration error. The Table also shows the performance degradation in percent (compared to the baseline [2]).
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	T1 [ns] :
	0 ns
	100 ns
	150 ns
	200 ns
	500ns

	
	40-% error [m]
	14
	16
	17
	19
	27

	
	50-% error [m]
	17
	18
	20
	22
	33

	
	70-% error [m]
	23
	25
	27
	30
	52

	
	80-% error [m]
	27
	30
	33
	36
	68

	
	90-% error [m]
	34
	38
	42
	48
	91

	
	% < 50 m [%]
	97
	96
	95
	91
	68

	
	
	

	
	Performance Degradation in Percent (compared to baseline)

	
	T1 [ns] :
	0 ns
	100 ns
	150 ns
	200 ns
	500ns

	
	40-% error [m]
	0
	14%
	21%
	36%
	93%

	
	50-% error [m]
	0
	6%
	18%
	29%
	94%

	
	70-% error [m]
	0
	9%
	17%
	30%
	126%

	
	80-% error [m]
	0
	11%
	22%
	33%
	152%

	
	90-% error [m]
	0
	12%
	24%
	41%
	168%

	
	% < 50 m [%]
	0
	-1%
	-2%
	-6%
	-30%

	
	
	


Figure 1: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster. 

In [2], it was also shown that the location server/position calculation function can easily solve for any inter-frequency bias (UE calibration error) in addition to the UE location. Therefore, there is no need for stringent UE calibration requirements. However, since the solution for the inter-frequency bias requires additional measurements (i.e., there is one additional unknown per frequency pair), the location server should solve for any inter-frequency bias only when needed (e.g., when the UE calibration error is expected to be large). 
Figure 2 below shows the same example as in Figure 1, but with the location server taking the UE calibration uncertainty into account in the position calculation. The dashed line in Figures 2 corresponds to the baseline result (i.e., no UE calibration error and standard position calculation (no "solve for frequency bias")).  The blue line (T1=0 ns) corresponds to the case where no calibration error exists, but the position calculation function solves for the frequency bias in addition. As can be seen from Figure 2, there is a small performance degradation, since with one additional unknown there are less degrees of freedom (i.e., more measurements are needed). However, the performance is essentially independent of the value T1 of the UE calibration error. Even quite large UE calibration errors (500 ns) can be corrected in the position calculation function.
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	T1 [ns] :
	0 ns
	100 ns
	150 ns
	200 ns
	500ns

	
	40-% error [m]
	15
	16
	15
	16
	16

	
	50-% error [m]
	18
	18
	18
	18
	18

	
	70-% error [m]
	25
	25
	25
	25
	25

	
	80-% error [m]
	29
	29
	29
	29
	29

	
	90-% error [m]
	39
	38
	38
	38
	38

	
	% < 50 m [%]
	96
	96
	96
	96
	96

	
	
	

	
	Performance Degradation in Percent (compared to baseline)

	
	T1 [ns] :
	0 ns
	100 ns
	150 ns
	200 ns
	500ns

	
	40-% error [m]
	7%
	14%
	7%
	14%
	14%

	
	50-% error [m]
	6%
	6%
	6%
	6%
	6%

	
	70-% error [m]
	9%
	9%
	9%
	9%
	9%

	
	80-% error [m]
	7%
	7%
	7%
	7%
	7%

	
	90-% error [m]
	12%
	12%
	12%
	12%
	12%

	
	% < 50 m [%]
	-1%
	-1%
	-1%
	-1%
	-1%

	
	
	


Figure 2: OTDOA horizontal positioning error with various UE calibration error values T1 for Case #1 with 4 small cells per cluster and "Solve for Frequency-Bias".

Note, that this problem is essentially the same as for e.g., GPS+GLONASS receivers (GPS and GLONASS operate at different carrier frequencies). 
For OTDOA, the position is calculated at the E-SMLC. Position calculation usually requires the solution of a weighted least squares cost function, where the solution of this (non-linear) cost function involves an iterative procedure. The starting point for this position calculation procedure is usually the UE location obtained via (E-)CID positioning method(s), and the solution range is restricted by the (E-)CID  location uncertainty (e.g., cell size). 
The RSTD inter-frequency bias would add one additional unknown to the cost function per frequency pair. The UE calibration accuracy can be used for weighting and restricting the solution search range. 

The inter-frequency biases are usually measured or otherwise determined during or after production and stored in the UE for various frequency pairs. The usual GPS-GLONASS inter-frequency bias calibration methods may also apply to the inter-frequency-bias RSTD problem; e.g., [6]. This estimated calibration accuracy can then be provided to the server, which may determine whether solving for the inter-frequency bias is needed or not, and may use the calibration accuracy as a starting point, for weighting and restricting the search range in the solution process. 
Note, this is also similar to e.g., UE-assisted GPS, where the location server may or may not need to solve for time in addition to location (i.e., the accuracy of the time stamp is provided in addition to the measurements, and provides the same purpose: determine whether there is a need to solve for time, and if so, determine the starting point and the search range). 
3.
Introduction of UE inter-frequency RSTD calibration accuracy reporting in LPP
It is proposed to add the UE inter-frequency RSTD calibration accuracy reporting as a best-effort (this is currently also the case for the UE-assisted GPS time solution, mentioned at the end of section 2 above). UEs which support UE inter-frequency RSTD calibration accuracy reporting may include this in the measurement report, and the E-SMLC may make use of this information, if supported. For the actual calibration accuracy reporting, the existing OTDOA‑MeasQuality could be reused, which would result in minimal specification impacts:
-- 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 {


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


]],


[[ if-calibration-quality-r13








OTDOA-MeasQuality

OPTIONAL

-- Cond IF-RSTD


]]
}

-- ASN1STOP

This OTDOA enhancement affects only RAN2 specifications. 

4.

Summary

In this contribution, we proposed to add support for UE inter-frequency RSTD calibration accuracy reporting for OTDOA positioning enhancements. This enhancement does not impact RAN1 specifications. 
Proposal 1:
From RAN1 perspective, support UE inter-frequency RSTD calibration accuracy reporting for OTDOA positioning, with the details up to RAN2.
Proposal 2:
Inform RAN2 about the RAN1 agreement.
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