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1. 
Introduction
A new work item on "UE Positioning Accuracy Enhancements for LTE" was approved at RAN#75 [1] and updated at RAN#76 [2]. The objectives of this work item include support for UE-based OTDOA positioning:

· As second priority, specify the signalling and procedure to support UE-based OTDOA positioning [RAN2].
In addition, to support e.g., a large number of devices, or provide assistance data more efficiently to target devices, broadcast of assistance data is included in the objectives [2]:
· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and, as second priority, UE-based OTDOA assistance information.
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys.
In this contribution, we discuss the LPP [3] and some RRC [4] impacts to support UE-based OTDOA positioning. The RRC impacts (broadcast) are discussed in more detail in [5].
2. 
Background

In the UE-based OTDOA mode, the target device first performs the TOA/RSTD measurements, just as in case of UE‑assisted mode, and then also performs the calculations for the location determination. The assistance data required for the TOA/RSTD measurements are supported in LPP since Rel-9, and would also be needed for UE-based OTDOA. However, for the position calculation function, additional assistance data are required, such as location coordinates of the TP antenna’s and timing information. Although, UE based OTDOA increases both, the amount of assistance data that needs to be transferred to a UE and the amount of UE support, it has the benefit of allowing reduced network signaling for broadcast mode and allowing UE location in idle state (e.g. for IoT devices).
3. 
Existing UE-based OTDOA Standards
UE-based OTDOA and assistance data are supported in UMTS [6,7], and in LPPe [8] (as well as in GSM [9]). 
OTDOA Assistance Data in UMTS

The UMTS OTDOA assistance date are defined in 25.331 [7] and have a similar structure as the OTDOA assistance data in LPP.  The assistance data include the Reference Cell Information, and a list of Neighbour Cell Information data.  For UE-based OTDOA, the additional data (i.e., in addition to UE-assisted mode) for the reference cell info defined for UMTS include the Cell Position and the Round Trip Time (RTT), if available, to support e.g., UE-based ECID or hybrid ECID+OTDOA ([7], section 10.3.7.108a): 

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	SFN
	OP
	
	Integer (0..4095)
	Time stamp (SFN of Reference Cell) of the SFN-SFN relative time differences and SFN-SFN drift rates. Included if any SFN-SFN drift value is included in IE UE positioning OTDOA neighbour cell info.


	CHOICE Cell Position
	OP
	
	
	The position of the antenna that defines the cell. Used for the UE based method.

	>Ellipsoid
	
	
	
	

	>>Ellipsoid point 
	MP
	
	Ellipsoid point 10.3.8.4a
	

	>Ellipsoid with altitude
	
	
	
	

	>>Ellipsoid point with altitude
	MP
	
	Ellipsoid point with altitude 10.3.8.4b
	

	Round Trip Time
	OP
	
	Real (876.00 .. 2923.875 in steps of 0.0625)
	In chips.

	Round Trip Time Extension
	CV-FDD
	
	Real (0 .. 4392.125 in steps of 0.0625)
	In chips. Default = 0.

NOTE.


The neighbour cell info list includes in addition to the UE-assisted assistance data (i.e., measurement assistance data) the neighbour cell locations (relative to the reference cell location) and Real (or Relative) Time Differences (RTDs) together with its drift rate. The RTDs are split into coarse and fine RTD (SFN-SFN relative time difference):
	SFN-SFN relative time difference
	MP
	
	Integer(0.. 38399)
	Gives the relative timing compared to the reference cell. Equal to ( (Tnc-Tref)*(3.84*106) ( where (()( denotes rounding to the nearest lower integer.

In chips, Tnc = the time of beginning of a system frame from the neighbour cell, Tref = the time of beginning of a system frame from the reference cell.

	SFN-SFN drift
	OP
	
	Integer (0, -1, -2, -3, -4, -5, -8, -10, -15, -25, -35, -50, -65, -80, -100,

1, 2, 3, 4, 5, 8, 10, 15, 25, 35, 50, 65, 80, 100)
	in 1/256 chips per second




	Cell Position
	MD
	
	
	Default is the same as previous cell

	>Relative North
	OP
	
	Integer(-20000..20000)
	Seconds of angle, scale factor 0.03. Relative position compared to reference cell.

	>Relative East
	OP
	
	Integer(-20000..20000)
	Seconds of angle, scale factor 0.03. Relative position compared to reference cell.

	>Relative Altitude
	OP
	
	Integer(-4000..4000)
	Relative altitude in meters compared to ref. cell.

	Fine SFN-SFN
	MP
	
	Real(0..0.9375 in steps of 0.0625)
	Gives finer resolution

	UE positioning Relative Time Difference Quality
	MP
	
	UE positioning OTDOA quality 10.3.7.109a
	Quality of the relative time difference between neighbour and reference cell. 

	Round Trip Time
	OP
	
	Real (876.00 .. 2923.875 in steps of 0.0625)
	In chips. Included if cell is in active set. 

	Round Trip Time Extension
	CV-FDD
	
	Real (0 .. 4392.125 in steps of 0.0625)
	In chips. Included if cell is in active set. Default = 0.

NOTE.


The OTDOA and RTD are generally defined as follows:

Observed Time Difference Of Arrival (OTDOA): The time interval that is observed by a target device between the reception of downlink signals from two different cells. If a signal from cell 1 is received at the moment t1, and a signal from cell 2 is received at the moment t2, the OTDOA is t2 –  t1. 

Real Time Difference (RTD): The relative synchronization difference between two cells. If cell 1 transmits a downlink signal at the moment t3, and cell 2 at the moment t4, the RTD is t4 – t3. If the cells transmit exactly at the same time that means that the network is perfectly synchronized at the TP antenna and hence, RTD = 0.
Observation 1:
Additional assistance data for UE-based OTDOA (in addition to UE-assisted mode) in UMTS include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Real (or Relative) Time Differences (RTDs);
- Quality of RTDs;
- RTD drift rate;
- ECID related measurements (Round Trip Time (RTT).
OTDOA Assistance Data in LPPe
LPPe [8] already defined assistance data for UE-based OTDOA in LTE. In the Reference Cell and Neighbour Cell List, Position Calculation assistance data are included. 

The Position Calculation assistance data for the reference cell is defined as follows [8]:  
-- ASN1START

OMA-LPPe-OTDOA-PositionCalculationInfoRef ::= SEQUENCE {


systemFrameNumber

BIT STRING (SIZE(10))



OPTIONAL, --Cond driftRate


rtdReferenceStd


OMA-LPPe-OTDOA-RTDquality


OPTIONAL,

cellLocation 


SEQUENCE {









reference-point

OMA-LPPe-ReferencePoint


OPTIONAL,









relative-location
OMA-LPPe-RelativeLocation

OPTIONAL,









...









},


femtoCellInfo


SEQUENCE {










location-reliability
INTEGER(1..100)
OPTIONAL,










...










}






OPTIONAL,
--Cond femto


...

}

-- ASN1STOP

The OMA-LPPe-OTDOA-PositionCalculationInfoRef assistance data defined in LPPe for the reference cell include the same information as the corresponding element for UMTS. In addition, the quality of the reference cell used for RTD is included as well, together with a HeNB/Femto-cell location reliability, providing information on the probability that an HeNB having been moved to a new location. 

The Position Calculation assistance data for the neighbour cell list is defined as follows [8]:  

-- ASN1START

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













 OMA-LPPe-OTDOA-NeighbourFreqCellInfoList
OMA-LPPe-OTDOA-NeighbourFreqCellInfoList ::= SEQUENCE {


neighbourCellInfoList-eNB
SEQUENCE (SIZE (1..maxLTEeNBs))  OF 











OMA-LPPe-OTDOA-NeighbourCellInfoElement-eNB

OPTIONAL,


neighbourCellInfoList-HeNB
SEQUENCE (SIZE (1..maxLTEHeNBs)) OF











OMA-LPPe-OTDOA-NeighbourCellInfoElement-HeNB
OPTIONAL,


...

}

-- ASN1STOP

The location data are split into eNB and HeNB data, where the HeNB data include in addition the location reliability (similar to the reference cell):

-- ASN1START

OMA-LPPe-OTDOA-NeighbourCellInfoElement-eNB ::= SEQUENCE {


relative-Location


OMA-LPPe-RelativeLocation,


otdoa-eNB-CellDataList

SEQUENCE (SIZE (1..maxLTEMacroCells)) OF OMA-LPPe-OTDOA-CellData,


...

}

-- ASN1STOP

-- ASN1START

OMA-LPPe-OTDOA-NeighbourCellInfoElement-HeNB ::= SEQUENCE {


relative-Location


OMA-LPPe-RelativeLocation,


location-reliability

INTEGER (1..100)



OPTIONAL,


otdoa-HeNB-CellDataList

OMA-LPPe-OTDOA-CellData,


...

}

-- ASN1STOP

The OMA-LPPe-OTDOA-CellData contains the RTD information:
-- ASN1START

OMA-LPPe-OTDOA-CellData  ::= SEQUENCE {


otdoa-NeighbourCellInfoElement
OTDOA-NeighbourCellInfoElement,


rtdInfo






SEQUENCE {












subframeOffset

INTEGER(0..10229)

OPTIONAL,












fineRTD



INTEGER(0..99999),












fineRTDstd


OMA-LPPe-OTDOA-RTDquality,












fineRTDdriftRate
INTEGER(-100..100)

OPTIONAL,












...










},


...

}

Observation 2:
Assistance Data for UE-based OTDOA (LTE) have already been defined in LPPe, and include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Cell location reliability;
- Real (or Relative) Time Differences (RTDs);
- Quality of RTDs;
- RTD drift rate.
Observation 3:
The additional assistance data to support UE-based OTDOA are essentailly the same in UMTS and LPPe. 
4. 
Additional LPP Assistance Data for UE-based OTDOA Support
Given the observations in section 3 above, it appears obvious to use the LPPe UE-based OTDOA assistance data definitions also in LPP. However, in order to allow UE-assisted and UE-based OTDOA assistance data to be broadcast separately (discussed more in section 6 below), the position calculation information elements would need to be added to the top level assistance data. For example:

-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {


otdoa-ReferenceCellInfo


OTDOA-ReferenceCellInfo



OPTIONAL,
-- Need ON


otdoa-NeighbourCellInfo


OTDOA-NeighbourCellInfoList


OPTIONAL,
-- Need ON


otdoa-Error





OTDOA-Error






OPTIONAL,
-- Need ON


...,


[[


  otdoa-ReferenceCellInfoNB-r14
OTDOA-ReferenceCellInfoNB-r14

OPTIONAL,
-- Need ON


  otdoa-NeighbourCellInfoNB-r14
OTDOA-NeighbourCellInfoListNB-r14
OPTIONAL
-- Need ON


]],

[[


  positionCalculationInfo-r15
PositionCalculationInfo-r15


OPTIONAL,
-- Cond ue-based


  positionCalculationInfoNB-r15
PositionCalculationInfoNB-r15

OPTIONAL
-- Cond ue-based

]]
}

-- ASN1STOP

The definitions of the PositionCalculationInfo-r15 and PositionCalculationInfoNB-r15 could be based on the LPPe elements, summarized in section 3 above (OMA-LPPe-OTDOA-PositionCalculationInfoRef, and OMA-LPPe-OTDOA-NeighbourCellInfoList). 
Observation 4:
The LPPe UE-based OTDOA IEs can be reused in LPP. 
5. 
Other LPP Impacts

Additional LPP impacts (in addition to the assistance data discussed in sections 4 above) are rather minor, and include:
· The OTDOA-RequestAssistanceData needs to include the request for position calculation assistance data. 
· The OTDOA-ProvideLocationInformation needs to include OTDOA-LocationInformation.
· The otdoa-Mode in OTDOA-ProvideCapabilities need to define a bit for UE-based mode.
· The OTDOA error causes may need to be updated to include UE-based specific error cases (e.g., there-were-not-enough-signals-received-for-ueBased). 
Observation 5:
Overall, the LPP impacts to support UE-based OTDOA are rather straightforward.  

6. 
RRC Impacts
Broadcast of assistance data are currently not supported in 36.331 (apart from SIB16, which is also used for location purpose). However, broadcast of assistance data is defined in UMTS [7] (and GSM [10]).
For OTDOA, the assistance data are included in SIB 15.4 (for UE-assisted) and 15.5 (for UE-based) [7]:
System Information Block type 15.4 [7]
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	OTDOA Data ciphering info
	OP
	
	UE positioning Ciphering info 10.3.7.86
	If this IE is present then the for UE-based the System Information Block type 15.5 is ciphered in accordance with the Data Assistance Ciphering Algorithm specified in [18]

	OTDOA assistance data for UE-assisted
	MP
	
	UE positioning OTDOA assistance data for UE-assisted
10.3.7.103
	


System Information Block type 15.5 [7]
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	OTDOA assistance data for UE-based
	MP
	
	UE positioning OTDOA assistance data for UE-based 10.3.7.103a
	


Observation 6:
The broadcast of OTDOA assistance data in UMTS contains the same IEs as used for point-to-point delivery. 

Observation 7:
For the broadcast of OTDOA assistance data in UMTS, only the assistance data for UE-based mode can be ciphered. 

There is a good reason for the use of different SIBs for UMTS broadcast of UE-assisted versus UE-based OTDOA assistance data, because it allows UE-based assistance data to be optionally ciphered while allowing UE-assisted assistance data to be broadcast unciphered. This would not easily be possible if the assistance data were included in the same SIB, and would be almost impossible if the assistance data were included in one SIB as part of the same ASN.1 structure (e.g. if not included in separate octet strings). The reason is that complete ASN.1 decoding would not be possible without prior deciphering and prior deciphering would not be possible without some ASN.1 decoding to determine which parts of the SIB to decipher. There may be further benefits to placing different types of OTDOA assistance data in different SIBs in terms of allowing UEs to more easily access assistance data that the UE prefers or supports. The most obvious example would be to place NB related assistance data into different SIBs than WB related assistance data to reduce impacts to NB-IoT devices. In addition, flexibility in ciphering each SIB on an individual basis could help operators charge only for selected services.
Observation 8:
For the broadcast of OTDOA assistance data for LTE, it will be advantageous to place UE-based and UE-assisted assistance data into different SIBs, to likewise separate NB and WB related assistance data and to support ciphering on a per SIB basis.

For LTE, the following new System Information Blocks could be defined in 36.331 in accordance with Observation 8:
-- ASN1START

SystemInformationBlockTypeX1-r15 ::= SEQUENCE {


cipheringKeyData-r15



CipheringKeyData-r15 OPTIONAL,
-- identity of ciphering key


assistanceDataSegmentType-r15

ENUMERATED {notLastSegment, lastSegment},


assistanceDataSegmentNumber-r15

INTEGER (0..63),

otdoa-AssistanceData-r15


OCTET STRING

OPTIONAL,
-- Need OR

lateNonCriticalExtension


OCTET STRING

OPTIONAL,

...

}

SystemInformationBlockTypeX2-r15 ::= SEQUENCE {


cipheringKeyData-r15



CipheringKeyData-r15 OPTIONAL,
-- identity of ciphering key


assistanceDataSegmentType-r15

ENUMERATED {notLastSegment, lastSegment},


assistanceDataSegmentNumber-r15

INTEGER (0..63),

otdoa-AssistanceDataNB-r15


OCTET STRING

OPTIONAL,
-- Need OR

lateNonCriticalExtension


OCTET STRING

OPTIONAL,

...

}

SystemInformationBlockTypeX3-r15 ::= SEQUENCE {


cipheringKeyData-r15



CipheringKeyData-r15 OPTIONAL,
-- identity of ciphering key


assistanceDataSegmentType-r15

ENUMERATED {notLastSegment, lastSegment},


assistanceDataSegmentNumber-r15

INTEGER (0..63),

otdoa-positionCalculationInfo-r15
OCTET STRING

OPTIONAL,
-- Need OR

lateNonCriticalExtension


OCTET STRING

OPTIONAL,

...

}

SystemInformationBlockTypeX4-r15 ::= SEQUENCE {


cipheringKeyData-r15



CipheringKeyData-r15 OPTIONAL,
-- identity of ciphering key


assistanceDataSegmentType-r15

ENUMERATED {notLastSegment, lastSegment},


assistanceDataSegmentNumber-r15

INTEGER (0..63),

otdoa-positionCalculationInfoNB-r15
OCTET STRING

OPTIONAL,
-- Need OR

lateNonCriticalExtension


OCTET STRING

OPTIONAL,

...

}

-- ASN1STOP

The cipheringKeyData parameter, if present, would indicate that the subsequent assistance data octet string is ciphered and the assistanceDataSegmentType/assistanceDataSegmentNumber would allow segmentation of the assistance data as discussed in [5] (ciphering may not apply to the possible future SIB extensions. Any extensions which require ciphering may be added to the e.g. otdoa-AssistanceData definition). 
The otdoa-AssistanceData-r15/otdoa-AssistanceDataNB-r15 would contain the corresponding OTDOA assistance data elements as defined in LPP [3]. For example:
-- ASN1START

OTDOA-AssistanceData-r15 ::= SEQUENCE {


otdoa-ReferenceCellInfo-r15


OTDOA-ReferenceCellInfo



OPTIONAL,
-- Need ON


otdoa-NeighbourCellInfo-r15


OTDOA-NeighbourCellInfoList


OPTIONAL,
-- Need ON


...
}

-- ASN1STOP

-- ASN1START

OTDOA-AssistanceDataNB-r15 ::= SEQUENCE {


otdoa-ReferenceCellInfoNB-r15

OTDOA-ReferenceCellInfoNB


OPTIONAL,
-- Need ON


otdoa-NeighbourCellInfoNB-r15

OTDOA-NeighbourCellInfoListNB

OPTIONAL,
-- Need ON


...
}

-- ASN1STOP

The above IE combinations could be defined in LPP [3] and included as a basic production in the SIB or directly in RRC [4]. Including a single assistance data OCTET STRING/IE in the positioning SIBs as above would be simpler and/or more robust than including several separate OCTET STRING/IEs. For example, if separate OCTET STRING/IEs were ciphered in combination (e.g. after being concatenated), the ciphering would be more complex, particularly when segmentation was used. Alternatively, if separate OCTET STRING/IEs were independently ciphered, the ciphering could be weakened due to reuse of the same ciphering procedure (e.g. same cipher code sequence) for separate data sets. As an illustration of this, ciphering methods such as AES counter mode (and DES) perform ciphering through an XOR operation of the unciphered data with a cipher sequence derived from the cipher key and a counter (for AES) or an IV value (for DES) [12]. If the separate octet strings are ciphered in the same way (using the same cipher sequence for each octet string separately) and if some of the unciphered data is known in advance, it may become possible to recover some of the cipher sequence and use that to decipher other data. For example, if reference cell data hardly ever changes and can be known in advance, it could be used to recover part of the cipher sequence (by an XOR operation) and then to decipher neighbor cell data using the known cipher sequence. To overcome this, the same cipher sequence should not be used to separately cipher each octet string (note, that this is also the case in the UMTS positioning SIBs [7]). 
With a single OCTET STRING/IE in each SIB, such problems disappear and the E-SMLC can provide the single OCTET STRING/IE ciphered or unciphered to the eNB. In either case, the eNB just copies the OCTET STRING/IE into the SIB with no interpretation or modification, and may perform segmentation which can also be a simple procedure. The eNB would also include the ciphering key data IE when ciphering was used (which can be provided by the E-SMLC) and a segmentation IE.
 Observation 9:
For the broadcast of OTDOA assistance data in LTE, new SIBs would need to be specified in 36.331, as also discussed in [5].

7. 
Summary
This contribution discussed the introduction of UE-based OTDOA positioning for LTE. The following was observed:

Observation 1:
Additional assistance data for UE-based OTDOA (in addition to UE-assisted mode) in UMTS include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Real (or Relative) Time Differences (RTDs);
- Quality of RTDs;
- RTD drift rate;
- ECID related measurements (Round Trip Time (RTT).
Observation 2:
Assistance Data for UE-based OTDOA (LTE) have already been defined in LPPe, and include:
- Cell (antenna) locations for the reference cell, and each neighbour cell;
- Cell location reliability;
- Real (or Relative) Time Differences (RTDs);
- Quality of RTDs;
- RTD drift rate.
Observation 3:
The additional assistance data to support UE-based OTDOA are essentailly the same in UMTS and LPPe. 

Observation 4:
The LPPe UE-based OTDOA IEs can be reused in LPP. 
Observation 5:
Overall, the LPP impacts to support UE-based OTDOA are rather straightforward.  

Observation 6:
The broadcast of OTDOA assistance data in UMTS contains the same IEs as used for point-to-point delivery. 

Observation 7:
For the broadcast of OTDOA assistance data in UMTS, only the assistance data for UE-based mode can be ciphered. 

Observation 8:
For the broadcast of OTDOA assistance data for LTE, it will be advantageous to place UE-based and UE-assisted assistance data into different SIBs, to likewise separate NB and WB related assistance data and to support ciphering on a per SIB basis.

Observation 9:
For the broadcast of OTDOA assistance data in LTE, new SIBs would need to be specified in 36.331, as also discussed in [5].

Based on these observations, the following is proposed:
Proposal 1:
Add position calculation information to the LPP OTDOA-ProvideAssistanceData IE.

Proposal 2:
Use the LPPe definitions as a starting point for the specification of the position calculation information. 

Proposal 3:
For broadcast of OTDOA assistance data, define separate SIBs in 36.331 for UE-assisted and UE-based assistance data; as well as for NB and WB related assistance data.
A draft Stage 2 CR according to Observation 4 is proposed in [11].
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