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1.  

Introduction
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 [2].  This is for example the case with the OTDOA evaluation scenarios [3], where the macro cells operate on 2 GHz and the small cells operate on 3.5 GHz. Since the TOA measurements are performed on two different carrier frequencies, the RSTD measurements are affected by an "inter-frequency bias" due to different group delays of the two RF 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 [4]. These requirements can be interpreted such that ±4 Ts accuracy is required for UE calibration. 4 Ts corresponds to about 130 nano-seconds. 
In practice, this means that the UE would need to maintain a calibration table for different carrier frequency pairs to compensate the RSTD measurements for the different group delays. Today, with UEs supporting multiple frequency bands, such tables may be quite large, since the group delays may be different for each supported carrier frequency. 

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

In [1], we studied the impact of UE calibration bias on OTDOA baseline performance. It was shown that for scenarios which require inter-frequency RSTD measurements, the UE calibration error has an impact on OTDOA performance. 
In [1], it was also shown that the location server/position calculation function can solve for any inter-frequency bias (UE calibration error) in addition to the UE location. However, since the solution for the inter-frequency bias requires additional measurements, the location server should solve for any inter-frequency bias only when needed (i.e., when the UE calibration error is expected to be large). This could be accomplished by additional UE signaling. E.g., the UE could inform the location server of any estimates of the UE calibration error. The location server may then decide on whether to solve for the frequency bias or not, and the estimated accuracy of the UE calibration error could be used for weighting in the WLS solution. 

In this contribution, we propose to add the "UE Calibration Accuracy Reporting" to the "Enhanced RSTD Measurements" section of the TR [3], and provide a corresponding text proposal. 
2.  

Potential New UE Signalling
The UE inter-frequency RSTD calibration accuracy could be added to the OTDOA-ProvideLocationInformation message, which includes the OTDOA-SignalMeasurementInformation IE [2]. The reported RSTD measurements have already an associated "quality indicator". The same or similar indicator may also be used for the UE calibration accuracy:

-- 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
OTDOA-MeasQuality

OPTIONAL

-- Cond IF-RSTD
}

-- ASN1STOP

	Conditional presence
	Explanation

	IF-RSTD
	The field may be present, if the NeighbourMeasurementList contains inter-frequency RSTD measurements. 


	OTDOA-SignalMeasurementInformation field descriptions

	if-calibration-quality

This field specifies the target device’s best estimate of the inter-frequency bias of the RSTD measurements performed between carrier frequencies defined by earfcnRef and earfcnNeighbour. 


3.  

Summary

In this contribution, we proposed to add the "UE inter-frequency RSTD calibration accuracy" to the "Enhanced RSTD Measurements" section of the TR [3]. A text proposal for 37.857 [3] is provided in the Annex of this contribution. 

Proposal 1:
Include the attached text proposal in TR 37.857 [3].
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5
Evaluation Methodology for Indoor Positioning

5.1 
System Model for Positioning
5.1.1
Evaluation Scenarios
For evaluating baseline performance, scenarios (with various options/configurations) are defined below for RAT-dependent positioning techniques for indoor environments:

Table 5.1.1-1: Case 1: Outdoor macro + outdoor small cell deployment scenarios 

and Outdoor macro-only deployment scenario (outdoor small cells = 0) 
	
	Outdoor macro cell 
	Outdoor small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Same as SCE scn.1 

	System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz
	2.0GHz (optionally, 3.5 GHz) – Note 1

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4]] - Note 2
	3D-UMi [referring to Table 7.2-1 in TR36.873 [4]] - Note 2

	Penetration 


	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]] - Note 2

	Antenna pattern 
	3D,  referring to TR36.819 [5]
	2D Omni-directional baseline. 
Optional: 3D,  referring to TR36.819 [5]

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	10m + β, where β~uniform[-5, 10]

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 

where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	Antenna gain + connector loss 
	17 dBi 
	5 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]]  - Note 2

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 4, 10 

	Number of small cells per Macro cell 
	{0, 4,10}*Number of clusters per macro cell geographical area

	UE dropping 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster 
	50m 

	Radius for UE dropping in a cluster 
	70m 

	Minimum distance (2D distance) 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro –small cell cluster center: 105m 

	
	Macro – UE : 35m 

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Perfectly synchronized for baseline.  

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

–
That is, the range of timing errors is [-T2, T2]

–
T1:
Default: 50ns (for the additional performance evaluation)

–
Each individual company can further pick other values

	UE Calibration Error – Note 3
	Perfectly calibrated for baseline.
Additionally, UE calibration error can be optionally simulated. If included, the UE calibration error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values, subject to a largest timing difference of T2 ns, where T2 = 2*T1

–
That is, the range of timing errors is [-T2, T2]

	NOTE 1: 
For the optional case of the macro and outdoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz outdoor small cells, the penetration loss models are specified as part of Rel-12 small cell study [6].

NOTE 2: 
Within 3D-UMa modelling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within 3D-UMi modelling, 3D-UMi O-to-I is used for indoor UEs; 3D-UMi LOS or 3D-UMi NLOS, depending on LOS probability, is used for outdoor UEs.
NOTE 3: 
Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.


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.

7.1.1.2
Enhanced RSTD measurements

For purposes of evaluation, potential enhancements related to RSTD measurements include the following candidates: reduction of RSTD quantization error, measurement performance enhancements under Wide-band PRS, and UE inter-frequency RSTD calibration accuracy reporting.
7.1.1.2.a
UE inter-frequency RSTD calibration accuracy reporting
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 [11].  This is for example the case with the OTDOA evaluation scenarios, where the macro cells operate on 2 GHz and the small cells operate on 3.5 GHz (see section 5). Since the TOA measurements are performed on two different carrier frequencies, the RSTD measurements are affected by an "inter-frequency bias" due to different group delays of the two RF paths. 

The location server/position calculation function can solve for any inter-frequency bias (UE calibration error) in addition to the UE location. The inter-frequency bias in the RSTD measurement between a pair of carrier frequencies is a common bias; i.e., all inter-frequency RSTD measurements made between the same carrier pair have the same bias. This unknown bias can be added as an additional unknown to the cost function. The minimization of this cost function (e.g., via Taylor series approximation) would provide the position of the UE as well as the UE frequency bias (with which the RSTD measurements could be corrected/compensated). 
However, since the solution for the inter-frequency bias requires additional measurements, 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). This could be accomplished by additional UE signaling. E.g., the UE could inform the location server of any estimates of the UE calibration error. The location server may then decide on whether to solve for the frequency bias or not, and the estimated accuracy of the UE calibration error could be used for weighting in the WLS solution. 
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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