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1 General
In the current release of the specifications the location information reported in MDT logs and RLF failure report may comprise Detailed location information [2], [3]. The location information is provided by either GNSS or other positioning methods and is included in the reports, if available in the UE when the measurement was taken. 
The detailed location information consists of latitude and longitude and, depending on availability, altitude. If the detailed location information is obtained by GNSS positioning method, GNSS time information is also included. 
For both event-based and periodic reporting the detailed location information is included if the report is transmitted within the validity time after the detailed location information was obtained. 
Since the accuracy and validity evaluation of the positioning estimate is environment-dependent and largely up to UE implementation, e.g. GNSS, or bound by measurement performance, e.g. OTDOA [3], there exists currently an uncertainty at the receiving end on the quality and usefulness of the positioning estimate reported by the UE, which, in the worst case, may lead to erroneous usage of the entire MDT or RLF log. It is thus useful to look at improvements that may enable the NW to have a better knowledge of the quality of the positioning estimate received in e.g. MDT or RLF failure reports.

In 3GPP specifications a generic location report is expected to (re)use the same format irrespective of the positioning method used; while fields, for example timing, may optionally be added depending on the positioning method. It can thus be assumed that additions to existing fields in location information reporting can be reused and extended with additional information such as uncertainty and confidence. For MDT this is true for both LTE and UMTS.
2 Positioning formats and positioning methods for MDT
General
In a 3GPP network, a positioning result is represented by one of the seven Universal Geographical Area Description (GAD) shapes as listed below:

o
Polygon,

o
Ellipsoid arc,

o
Ellipsoid point,

o
Ellipsoid point with uncertainty circle,

o
Ellipsoid point with uncertainty ellipse,

o
Ellipsoid point with altitude,

o
Ellipsoid point with altitude and uncertainty ellipsoid.

The formats are common for all 3GPP-compliant networks (e.g., GSM, UMTS, and LTE). Which format that is used depends on the positioning method and on the reporting capabilities at the receiving end. 
It is commonly known that an accuracy of several meters is likely, though still not guaranteed, with GNSS positioning in satellite-measurement friendly environment. However, it is well-known that the satellite-based positioning performance may significantly degrade in some environments such as urban canyons and indoors, even though GNSS may still be used in these cases.  It should also be noted that a UE may require considerable time for the first GPS positioning. Estimates may also have varying accuracy depending on implementation (i.e. what result is delivered) and the update frequency. In all this may result in that some level of accuracy, or accuracy information, is beneficial also for GNSS positioning estimates reported in e.g. the MDT report.
Moreover, in the first release of MDT, location information is tagged to measurements in a best effort manner. The location information, which is meant for some other application, may be obtained by a non-GNSS positioning method, e.g. OTDOA, E-CID, fingerprinting, and hybrid positioning. In this case, as indicated above, the obtained positioning result may already contain uncertainty and confidence information.
Confidence and uncertainty of a positioning result and its importance in MDT
It is a common practice to adopt a statistical description of the positions of terminals. Therefore, most of the formats include both the uncertainty and confidence information, and both information types are in most cases available with positioning and provided as a part of the positioning result. One of the reasons for the latter is that according to FCC requirements, carriers must provide confidence and uncertainty data for all 911 calls at an emergency request.

Confidence and  Uncertainty as used in the previous can be defined as follows:
· Uncertainty: The location uncertainty is the uncertainty of coordinates of a point, in meters, a specified confidence level. The uncertainty is typically represented by a GAD shape area, e.g., circle or ellipse.

· Confidence: The confidence, i.e. the probability that the terminal is located in the interior of the reported uncertainty region is used to describe the statistical error.

The confidence and uncertainty levels are tightly connected to each other. Further, converting between two different GAD shape formats or between different combinations of the (uncertainty,confidence) is mathematically possible (compare e.g. Figures 1a and 1b), but in practice this may lead to introducing additional errors in the UE position information, which makes it preferable to use the original combination of the (uncertainty,confidence) associated with the positioning result. It is also known, that in practice different positioning methods may have different typical confidence level ranges, which is also highly subject to the implementation. 

Comparing Figures 1a and 1c, one can observe that the two positioning results with the same uncertainty (same area) may actually be quite different if they were derived with the same confidence level (compare Figures 1b and 1c). 

In terms of MDT, the uncertainty and the confidence information is helpful for the operator to understand whether the reported location information (together with MDT measurements) is within a range of operator’s policy for it to be used and to be relied upon as basis for network coverage optimisation work, e.g. create coverage map, data base, etc. The end result of using logs with inadequete accuracy, for example when performance maps are generated based on logs, is that the maps become less accurate and “blurred”. This can be seen in the difference in the ellipse sizes in Fig. 1a and Fig. 1b: if the difference is, e.g. in the order of 50 m, this may be quite significant.
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Observations
Observation 1: 
Although it may depend on UE positioning capabilities, the confidence and the uncertainty information are typically available as part of the positioning results.
Observation 2: Without both the confidence and the uncertainty information, it is more difficult to classify positioning results into accurate and not accurate/less reliable, which otherwise could significantly benefit managing the measurements collected with MDT.
Observation 3: Using a positioning result for MDT with the uncertainty information but without the confidence information may lead to large errors in practice and there is a high risk of a higher complexity of data processing and also misinterpreting the position information in the network. 
Observation 4: Inaccurate positioning, which may also occur with GNSS and all other positioning, may degrade the benefits with MDT.
Proposal 1 Both confidence and uncertainty information are included, when available, in the positioning results collected with MDT.

3 Conclusion and Proposal
Detailed location information as provided with, e.g. MDT and RLF failiure reports currently come with uncertainty w.r.t to the provided accuracy. In order to provide better means for the NW to asess the provided location  information added to logs, it is proposed that:
Proposal 1
Both confidence and uncertainty information are included, when available, in the positioning results collected with MDT.

A text proposal to 3GPP TS 36.331 is included in Annex A.
A text proposal to 3GPP TS 25.331 is included in Annex B.

A draft CR to 37.320 is provided in R2-123793.
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5 Annex A: Text Proposal to 36.331
--------------- Start Text Proposal -------------
5.6.8

Measurements logging

5.6.8.1
General

This procedure specifies the logging of available measurements by a UE in RRC_IDLE that has a logged measurement configuration.

5.6.8.2
Initiation

While T330 is running, the UE shall:

1>
perform the logging in accordance with the following:

2>
if the UE is camping normally on an E-UTRA cell and the RPLMN of the UE is the same as the plmn-Identity stored in VarLogMeasReport and, if the cell is part of the area indicated by areaConfiguration if configured in VarLogMeasConfig:

3>
perform the logging at regular time intervals, as defined by the loggingInterval in VarLogMeasConfig;

2>
when adding a logged measurement entry in VarLogMeasReport, include the fields in accordance with the following:

3>
set the relativeTimeStamp to indicate the elapsed time since the moment at which the logged measurement configuration was received;

3>
if detailed location information became available during the last logging interval, set the content of the locationInfo as follows:
4> if uncertainty and confidence information related to the detailed location information are available:
5>
include locationCoordinatesWithUncertainty;
4>
else
4> 5>
include the locationCoordinates;
3>
set the servCellIdentity to indicate global cell identity of the cell the UE is camping on;

3>
set the measResultServCell to include the quantities of the cell the UE is camping on;

3>
if available, set the measResultNeighCells, in order of decreasing ranking-criterion as used for cell re-selection, to include neighbouring cell measurements that became available during the last logging interval for at most the following number of neighbouring cells; 6 intra-frequency and 3 inter-frequency neighbours per frequency as well as 3 inter-RAT neighbours, per frequency/ set of frequencies (GERAN) per RAT;

NOTE:
The UE includes the latest results of the available measurements as used for cell reselection evaluation, which are performed in accordance with the performance requirements as specified in TS 36.133 [16].

2> when the memory reserved for the logged measurement information becomes full, stop timer T330 and perform the same actions as performed upon expiry of T330, as specified in 5.6.6.4;
------------------- Next change ---------------

–
LocationInfo
The IE LocationInfo is used to transfer detailed location information available at the UE to correlate measurements and UE position information.
LocationInfo information element
-- ASN1START

LocationInfo-r10 ::=
SEQUENCE {


locationCoordinates-r10




CHOICE {



ellipsoid-Point-r10





OCTET STRING,



ellipsoidPointWithAltitude-r10


OCTET STRING,


...


},


locationCoordinatesWithUncertainty-r11




CHOICE {     


ellipsoidPointWithUncertaintyCircle-r11             
OCTET STRING OPTIONAL,
       
ellipsoidPointWithUncertaintyEllipse




OCTET STRING OPTIONAL,


ellipsoidPointWithAltitudeAndUncertaintyEllipsoid

OCTET STRING OPTIONAL,


ellipsoidArc










OCTET STRING OPTIONAL,

...


},


horizontalVelocity-r10




OCTET STRING



OPTIONAL,


gnss-TOD-msec-r10





OCTET STRING



OPTIONAL,


...

}

-- ASN1STOP

	LocationInfo field descriptions

	ellipsoid-Point 

Parameter Ellipsoid-Point defined in TS36.355 [54].

	ellipsoidPointWithAltitude 

Parameter EllipsoidPointWithAltitude defined in TS36.355 [54].

	gnss-TOD-msec

Parameter Gnss-TOD-msec defined in TS36.355 [54]

	horizontalVelocity 

Parameter HorizontalVelocity defined in TS36.355 [54]. 

	ellipsoidPointWithUncertaintyCircle 

Parameter EllipsoidPointWithUncertaintyCircle defined in TS36.355 [54]. 

	ellipsoidPointWithUncertaintyEllipse 

Parameter EllipsoidPointWithUncertaintyEllipse defined in TS36.355 [54].

	ellipsoidPointWithAltitudeAndUncertaintyEllipsoid 

Parameter EllipsoidPointWithAltitudeAndUncertaintyEllipsoid defined in TS36.355 [54].

	ellipsoidArc

Parameter EllipsoidArc defined in TS36.355 [54].


--------------------- Next Change ---------------

6 Annex B: Text Proposal to 25.331
--------------- Start Text Proposal -------------
8.5.65
Measurements logging

When in idle mode, CELL_PCH or URA_PCH state and Logged Measurements has been configured, the UE shall:

1>
Store the available measurements according to the logged measurements configuration in LOGGED_MEAS_CONFIG variable as specified in subclause 8.5.65.2.

8.5.65.1
General

This procedure specifies the logging of available measurements by a UE in idle mode, CELL_PCH or URA_PCH state that has logged measurements configuration

8.5.65.2
Initiation

While T326 is running, the UE shall:

1>
perform this logging in accordance with the following:

2>
perform the logging while camping normally on an UTRA cell and the RPLMN of the UE is the same as the PLMN Identity stored in LOGGED_MEAS_REPORT_VARIABLE and, if the IE "Area Configuration" is present in variable LOGGED_MEAS_CONFIG, that is part of the concerned area;

2>
perform the logging at regular intervals, as defined by the IE "Logging Interval"in variable LOGGED_MEAS_CONFIG;

2>
when adding a logged measurement entry in variable LOGGED_MEAS_REPORT_VARIABLE, include the fields in accordance with the following:

3>
set the IE "Relative Time Stamp" to indicate time relative to the moment at which the logged measurement configuration was received;

3>
if GNSS location information became available during the last logging interval:

4>
if the UE has been able to calculate a 3-dimensional position:

5>
set IE "Ellipsoid point with altitude" or IE "Ellipsoid point with altitude and uncertainty ellipsoid" to include the location coordinates;
4>else:

5>
set IE "Ellipsoid point" or IE "Ellipsoid point with uncertainty circle" or IE "Ellipsoid point with uncertainty ellipse" to include the location coordinates:
4>
if any of the IEs "Ellipsoid point with uncertainty ellipse" or "Ellipsoid point with altitude and uncertainty ellipsoid" is reported:

5>
should calculate a value of the IE "Confidence", different from "0", as the probability that the UE is located within the uncertainty region of the one of the IEs "Ellipsoid point with uncertainty ellipse" or "Ellipsoid point with altitude and uncertainty ellipsoid" that is reported.
NOTE:
The value "0" of the IE "Confidence" is interpreted as "no information" by the UTRAN [57].
3>
set the IE "Cell ID" to indicate cell identity of the cell the UE is camping on obtained from system information;

3>
set the IE "CPICH Ec/N0" and "CPICH RSCP" to include measured quantities of the cell that the UE is camping on for UTRA FDD;

3>
set the "P-CCPCH RSCP" to include measured quantities for the cell that the UE is camping on for UTRA 1.28 Mcps TDD;

3>
set the IE "Logged Measurements Intra Frequency Neighbouring Cells list", "Logged Measurements Inter Frequency list", "Logged Measurements E-UTRA frequency list", in order of decreasing ranking quantity as used for cell re-selection in each frequency for at most the following number of neighbouring cells; 6 intra-frequency and 3 inter-frequency neighbours per frequency as well as 3 inter-RAT neighbours, per frequency per RAT;
3>
set the IE "Logged Measurements GSM Neighbouring Cells list" in order of decreasing RXLEV.

NOTE:
The UE includes, only once, the latest available results of the measurement performed for cell reselection, which are performed in accordance with the regular performance requirements as specified in [19].

2>
when the memory reserved for the logging of measurements becomes full, stop timer T326 and  performs the same actions as performed upon expiry of T326, as specified in 8.5.63.4.
------------------- Next Change ------------------

10.3.7.129
Logged Measurement Info-FDD

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Relative Time Stamp
	MP
	
	INTEGER (0..7200)
	Indicates the time of logging measurement results, measured relative to the Absolute Time Info, in seconds.
	REL-10

	Logged Measurements Serving Cell
	MP
	
	
	
	REL-10

	>Cell ID
	MP
	
	Cell ID 10.3.2.2
	
	REL-10

	>CPICH RSCP
	MP
	
	Integer(0..91)
	CPICH RSCP of the serving Cell, when available

In dBm. According to CPICH_RSCP_LEV in [19].

Thirty-six spare values are needed.
	REL-10

	>CPICH Ec/N0
	MP
	
	Integer(0..49)
	CPICH Ec/N0 of the serving Cell, when available

In dB. According to CPICH_Ec/No in [19].

Fourteen spare values are needed.
	REL-10

	Logged Measurements Intra Frequency Neighbouring Cells list
	OP
	1.. MaxnumLoggedMeas
	
	Measurements done on neighbouring cells
	REL-10

	>Primary CPICH info
	MP
	
	Primary CPICH info 10.3.6.60
	
	REL-10

	>CPICH RSCP
	MP
	
	Integer(0..91)
	In dBm. According to CPICH_RSCP_LEV in [19].

Thirty-six spare values are needed.
	REL-10

	>CPICH Ec/N0
	MP
	
	Integer(0..49)
	CPICH Ec/N0 of the serving Cell, when available

In dB. According to CPICH_Ec/No in [19].

Fourteen spare values are needed.
	REL-10

	Logged Measurements Inter Frequency list
	OP
	1.. MaxNumFDDFreqs
	
	Measurements done on neighbouring cells 
	REL-10

	>Frequency Info
	MP
	
	Frequency Info 10.3.6.36
	
	REL-10

	> Logged Measurements Inter-frequency Neighbouring Cells list
	MP
	1..MaxnumLoggedMeas
	
	
	REL-10

	>>Primary CPICH info
	MP
	
	Primary CPICH info 10.3.6.60
	
	REL-10

	>>CPICH RSCP
	MP
	
	Integer(0..91)
	In dBm. According to CPICH_RSCP_LEV in [19].

Thirty-six spare values are needed.
	REL-10

	>>CPICH Ec/N0
	MP
	
	Integer(0..49)
	CPICH Ec/N0 of the serving Cell, when available

In dB. According to CPICH_Ec/No in [19].

Fourteen spare values are needed.
	REL-10

	Logged Measurements Inter-RAT Neighbour cells list
	OP
	
	
	
	REL-10

	>Logged Measurements E-UTRA frequency list
	OP
	1.. MaxNumEUTRAFreqs
	
	
	REL-10

	>>E-UTRA Carrier Frequency
	MP
	
	Integer (0..65535)
	EARFCN of the downlink carrier frequency [64]
	REL-10

	>> Logged Measurements E-UTRA Frequency Neighbours List
	MP
	1.. MaxnumLoggedMeas
	
	
	REL-10

	>>>Physical Cell Identity
	MP
	
	Integer (0..503)
	
	REL-10

	>>>RSRP
	MP
	
	Integer (0..97)
	RSRP is mapped to a value between 0 and 97 [36.133].
	REL-10

	>>>RSRQ
	MP
	
	Integer (0..33)
	RSRQ_00 to RSRQ_33 in [36.133] are mapped to the value between 0 and 33. RSRQ_34 in [36.133] is mapped to the value 33.
	REL-10

	>Logged Measurements GSM Neighbouring Cells list
	OP
	1.. MaxnumLoggedMeas
	
	
	REL-10

	>>BSIC
	MP
	
	BSIC 10.3.8.2
	
	REL-10

	>>Band indicator
	MP
	
	Enumerated (DCS 1800 band used, PCS 1900 band used)
	Indicates how to interpret the BCCH ARFCN
	REL-10

	>>BCCH ARFCN
	MP
	
	Integer (0..1023)
	[45]
	REL-10

	>>GSM carrier RSSI
	MP
	Bit string(6)
	RXLEV is mapped to a value between 0 and 63, [46].  When mapping the RXLEV value to the RSSI bit string, the first/leftmost bit of the bit string contains the most significant bit.
	
	REL-10

	CHOICE GNSS UE Position
	OP
	
	
	The position of the UE when the measurement is made
	REL-10

	>Ellipsoid
	
	
	
	
	REL-10

	>>Ellipsoid point 
	MP
	
	Ellipsoid point 10.3.8.4a
	
	REL-10

	>>>Ellipsoid point with uncertainty circle
	
	
	Ellipsoid point with uncertainty circle 10.3.8.4d
	
	REL-11

	>>>Ellipsoid point with uncertainty ellipse
	
	
	Ellipsoid point with uncertainty ellipse 10.3.8.4e
	
	REL-11

	>Ellipsoid with altitude
	
	
	
	
	REL-10

	>>Ellipsoid point with altitude
	MP
	
	Ellipsoid point with altitude 10.3.8.4b
	
	REL-10

	>>>Ellipsoid point with altitude and uncertainty ellipsoid
	
	
	Ellipsoid point with altitude and uncertainty ellipsoid 10.3.8.4c
	
	REL-11


------------------ Next Change -----------------

10.3.7.130
Logged Measurement Info-TDD

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Relative Time Stamp
	MP
	
	INTEGER (0..7200)
	Indicates the time of logging measurement results, measured relative to the Absolute Time Info, in seconds.
	REL-10

	Logged Measurements Serving Cell
	MP
	
	
	
	REL-10

	>Cell ID
	MP
	
	Cell ID 10.3.2.2
	
	REL-10

	>Primary CCPCH RSCP
	MP
	
	Integer(0..91)
	In dBm.

According to P-CCPCH_RSCP_LEV in [19] and [20].

Thirty-six spare values are needed.
	REL-10

	Logged Measurements Intra Frequency list
	OP
	1.. MaxnumLoggedMeas
	
	Measurements done on neighbouring cells 
	REL-10

	>Cell parameters Id
	MP
	
	Cell parameters Id 10.3.6.9
	
	REL-10

	>Primary CCPCH RSCP
	MP
	
	Integer(0..91)
	In dBm. 

According to P-CCPCH_RSCP_LEV in [19] and [20].

Thirty-six spare values are needed.
	REL-10

	Logged Measurements Inter Frequency Neighbouring Cells list
	OP
	1.. MaxNumTDDFreqs
	
	Measurements done on neighbouring cells 
	REL-10

	>Frequency Info
	MP
	
	Frequency Info 10.3.6.36
	
	REL-10

	>Logged Measurements Inter-frequency Neighbouring Cells list
	MP
	1.. MaxnumLoggedMeas
	
	
	REL-10

	>>Cell parameters Id
	MP
	
	Cell parameters Id 10.3.6.9
	
	REL-10

	>>Primary CCPCH RSCP
	MP
	
	Integer(0..91)
	In dBm.

According to P-CCPCH_RSCP_LEV in [19] and [20].

Thirty-six spare values are needed.
	REL-10

	Logged Measurements Inter-RAT Neighbour cells list
	OP
	
	
	
	REL-10

	 >Logged Measurements E-UTRA frequency list
	OP
	1.. MaxNumEUTRAFreqs
	
	
	REL-10

	>>E-UTRA Carrier Frequency
	MP
	
	Integer (0..65535)
	EARFCN of the downlink carrier frequency [64]
	REL-10

	>>Logged Measurements E-UTRA Frequency Neighbours List
	MP
	1.. MaxnumLoggedMeas
	
	
	REL-10

	>>>Physical Cell Identity
	MP
	
	Integer (0..503)
	
	REL-10

	>>>RSRP
	MP
	
	Integer (0..97)
	RSRP is mapped to a value between 0 and 97 [36.133].
	REL-10

	>>>RSRQ
	MP
	
	Integer (0..33)
	RSRQ_00 to RSRQ_33 in [36.133] are mapped to the value between 0 and 33. RSRQ_34 in [36.133] is mapped to the value 33.
	REL-10

	>Logged Measurements GSM Neighbouring Cells list
	OP
	1.. MaxnumLoggedMeas
	
	
	REL-10

	>>BSIC
	MP
	
	BSIC 10.3.8.2
	
	REL-10

	>>Band indicator
	MP
	
	Enumerated (DCS 1800 band used, PCS 1900 band used)
	Indicates how to interpret the BCCH ARFCN
	REL-10

	>>BCCH ARFCN
	MP
	
	Integer (0..1023)
	[45]
	REL-10

	>>GSM carrier RSSI
	MP
	Bit string(6)
	RXLEV is mapped to a value between 0 and 63, [46].  When mapping the RXLEV value to the RSSI bit string, the first/leftmost bit of the bit string contains the most significant bit.
	
	REL-10

	CHOICE GNSS UE Position
	OP
	
	
	The position of the UE when the measurement is made
	REL-10

	>Ellipsoid
	
	
	
	
	REL-10

	>>Ellipsoid point 
	MP
	
	Ellipsoid point 10.3.8.4a
	
	REL-10

	>>>Ellipsoid point with uncertainty circle
	
	
	Ellipsoid point with uncertainty circle 10.3.8.4d
	
	REL-11

	>>>Ellipsoid point with uncertainty ellipse
	
	
	Ellipsoid point with uncertainty ellipse 10.3.8.4e
	
	REL-11

	>Ellipsoid with altitude
	
	
	
	
	REL-10

	>>Ellipsoid point with altitude
	MP
	
	Ellipsoid point with altitude 10.3.8.4b
	
	REL-10

	>>>Ellipsoid point with altitude and uncertainty ellipsoid
	
	
	Ellipsoid point with altitude and uncertainty ellipsoid 10.3.8.4c
	
	REL-11


------------------ End Text Proposal ----------------
Figure 1a: Location of UE1 with an uncertainty ellipse at confidence level 60%.





Figure 1b: Location of UE1 with an uncertainty ellipse at a confidence level 95%.





Figure 1c: Location of UE2 with the same-size uncertainty ellipse as UE1 but with a higher confidence level, e.g., 95% confidence.
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