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1. Introduction

The Further Indoor Positioning Enhancements for UTRA and LTE work item was approved at RAN#71 [1] and revised at RAN#73 [2].  This work item includes the objective for the introduction of network assistance data for Terrestrial Beacon Systems (TBS) based positioning.

At RAN2#95, R2-165895 Running CR for 36.355 Further Indoor positioning enhancements [3] was endorsed as the baseline running CR.  This draft CR is inclusive of various MBS assistance data information elements to facilitate UE-based and UE-assisted positioning modes.
The current set of MBS assistance data is incomplete and should be aligned with the ICD as referenced in ATIS-0500027: "Recommendations for Establishing Wide Scale Indoor Location Performance", May 2015 [4] to facilitate optimal beacon acquisition and position fix computation at the UE.  

Additionally, as UE-based mode enhancements have become stable in endorsed running CRs for TS 36.355 and TS 36.305, this capability should also be reflected into the core network protocols. 

2. Discussion 

This contribution examines the need for additional information elements to support Metropolitan Beacon System (MBS) based positioning.  MBS, an instantiation of Terrestrial Beacon Systems (TBS), is enabled in LPP Release 13 for standalone and UE-assisted positioning modes.  Generally, TBS consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes.
In the current running baseline TS 36.305 stage 2 CR in R2-167128 [5], the following network assistance is specified in 8.9.2.x: 

1. Acquisition assistance which provides the MBS receiver with “information about visible beacons, PN Codes, and other information of the MBS signals to enable a fast acquisition of the MBS signals.”
2. Almanac assistance, which provides the MBS receiver with beacon parameters which can be used to determine the UE position.
In the current set of assistance data information elements, some key MBS network assistance is missing and needs to be added to facilitate optimal beacon acquisition and position fix computation at the UE.  
Furthermore, UE-based positioning mode enhancements have become stable in running CRs for TS 36.355 and TS 36.305.  However, these enhancements have a small impact on the core network protocols. A liaison statement should be sent to CT4 on this matter. 

2.1 Frequency
Frequency bands that currently support MBS are listed in Table 1, per the MBS ICD [4].

Table 1: Frequency bands of operation of MBS

	Region/Country
	Name
	Band
	Comments

	USA
	M-LMS
	919.75-927.25MHz
	See FCC Code of Federal Regulations, Title 47, Part 90 Subpart M, 1 October 2010.


The centre frequencies of MBS signals can be within the range of the specified band. To enable a quick acquisition of the MBS signals, the centre transmit frequencies of the MBS beacons need to be signalled in the assistance data.
2.2 Time Correction

Time correction is the residual timing error left over after the MBS transmitter adjusts its transmission to account for the various delays in the system, such as cable delays. For UE based modes of operation, the E-SMLC needs to communicate this information by means of network assistance, so that the UE can adjust the code phase estimate for each MBS transmitter accordingly.

The range of this IE, per the ICD [4] is:  0,25 ns.
If time correction is not included as part of MBS network assistance, an error may be introduced into the code phase measurements at the UE of up to 25 ns or ~7.5 meters. This can lead to a commensurate degradation in the accuracy of the position fix at the UE when MBS measurements are used.
Proposal 1: Agree to add MBS network assistance data aligned with the ICD and incorporate a text proposal into the running TS 36.355 CR.
2.3 Core Network interfaces supporting LCS

UE-based positioning mode enhancements have become stable in running CRs for TS 36.355 and TS 36.305.  However, these enhancements have a small impact on the core network protocols.  
In Release 13, UE-based mode was not considered due to time/release constraints in completing the work.  All of the indoor positioning enhancements for UTRA and E-UTRA in Release-13 were addressed in Core Network interfaces supporting LCS functions, specifically, the SLs protocol between the MME and the E-SMLC (TS 29.171) with definition of additional positioning methods in the Positioning Data IE (Barometric Sensor, WLAN, Bluetooth, MBS methods) in CP-150612 WI UTRA_LTE_iPos_enh-CT [6].
As RAN2 has added UE-based positioning mode, the Positioning Data IE in 7.4.13 of TS 29.171 (LCS-AP) should also be updated to align with TS 36.305 and 36.355. Specifically, the Additional Positioning Method and Usage IE should be updated as follows:

Coding of Method (Bits 8-7):

00 : ReservedUE-Based

01 : UE-Assisted

10 : Conventional

11 : Reserved
This is the only expected change and CT4 should be made aware of this new capability defined in RAN2. 
Proposal 2: Agree to send a Liaison Statement to inform CT4 that running CRs have been endorsed to include UE-based mode for indoor positioning enhancements, which may have small impacts on the core network interfaces (SLs protocol between the MME and the E-SMLC).
3. Conclusion

Based on the discussion above, the following is proposed: 

Proposal 1: Agree to add MBS network assistance data aligned with the ICD and incorporate a text proposal into the running TS 36.355 CR.
Proposal 2: Agree to send a Liaison Statement to inform CT4 that running CRs have been endorsed to include UE-based mode for indoor positioning enhancements, which may have small impacts on the core network interfaces (SLs protocol between the MME and the E-SMLC).
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Annex A. Text Proposal to Update LPP with additional MBS Assistance Data 
New IEs are proposed to add additional support for network assistance per the MBS ICD, using the endorsed running CR as a baseline.

<Unchanged text omitted>

<Start of first changed section>

6.5.4.y
TBS Assistance Data Elements

–
TBS-AssistanceDataList

The IE TBS-AssistanceDataList is used by the location server to provide the TBS specific assistance data to the UE.

-- ASN1START

TBS-AssistanceDataList-r14 ::= SEQUENCE {


mbs-AssistanceDataList-r14

MBS-AssistanceDataList-r14

OPTIONAL,


...

}

MBS-AssistanceDataList-r14 ::= SEQUENCE (SIZE (1..maxMBS-r14)) OF MBS-AssistanceDataElement-r14

MBS-AssistanceDataElement-r14 ::= SEQUENCE {


mbs-AlmanacAssistance-r14

MBS-AlmanacAssistance-r14


OPTIONAL,
-- Need ON


mbs-AcquisitionAssistance-r14
MBS-AcquisitionAssistance-r14

OPTIONAL,
-- Need ON


...

}
maxMBS-r14

INTEGER ::= 64

-- ASN1STOP

–
MBS-AlmanacAssistance
The IE MBS-AlmanacAssistance is used by the location server to provide LLA of MBS transmitters to enable position estimation at the UE.

-- ASN1START

MBS-AlmanacAssistance-r14 ::= SEQUENCE {


transmitterID-r13


INTEGER (0..32767),

transmitterLatitude-r14

BIT STRING (SIZE (26)),


transmitterLongitude-r14
BIT STRING (SIZE (27)),

transmitterAltitude-r14

BIT STRING (SIZE (15)),

timeCorrection-r14


INTEGER (0..25)

OPTIONAL,

...

}

-- ASN1STOP

	MBS-AlmanacAssistance field descriptions

	transmitterID

This field specifies the MBS transmitter ID [24].

	transmitterLatitude

This field specifies latitude of the MBS transmitter, degrees. Scale factor 4/220 decimal degrees, added to -90°.  Valid range -90° to 90° [24].

	transmitterLongitude

This field specifies longitude of the MBS transmitter, degrees. Scale factor 4/220 decimal degrees, added to -180°. Valid range -180° to 180° [24].

	transmitterAltitude

This field specifies altitude of the MBS transmitter, meters. Scale factor 0.29 meters, added to -500 meters.

Valid range -500 to 9002.43 meters [24].

	timeCorrection
This field contains the residual timing error for a particular beacon, in units of nano-seconds, in the range from 0 to 25. This IE is used for UE-based mode only, by subtracting from the codePhase measurement made by the target device [24].


· 
MBS-AcquisitionAssistance
The IE MBS-AcquisitionAssistance is used by the location server to provide parameters that support acquisition of the MBS signals [24]. 

-- ASN1START

MBS-AcquisitionAssistance-r14 ::= SEQUENCE {


transmitterID-r13



INTEGER (0..32767)





OPTIONAL,


mbsConfiguration-r14


ENUMERATED {tb1, tb2, tb3, tb4, ...}
OPTIONAL,

pnCodeIndex-r14




INTEGER (1..128)





OPTIONAL,

freq-r14





INTEGER (919750000..927250000)


OPTIONAL,

...
}

-- ASN1STOP

	MBS-AcquisitionAssistance field descriptions

	transmitterID

This field contains the MBS transmitter identifier.

	mbsConfiguration

This field specifies MBS configuration as defined in the MBS ICD [24].

	pnCodeIndex

This field specifies the index of the MBS PN code.

	freq
This field specifies the MBS signal center frequency in units of Hz [24].


<End of changed section>
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