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1. Introduction

A new work item for positioning enhancements for GERAN [1] was agreed at RAN#72. Key working assumptions and agreements are captured in [2].

In this discussion paper, modifications to the proposed signalling procedures in [3] are discussed which are in line with below working assumptions and agreements contained in [2].

· To consider Hybrid TA/OTD Multilateration for possible specification work as analytical evaluations of the Hybrid TA/OTD Multilateration method has shown that the positioning error will increase with a factor <2, compared to the TA Multilateration method, while at the same time providing energy efficiency gains. 

· Further enhancements to the positioning procedure without affecting the security aspects need to be considered to improve the energy efficiency of the procedure without impacting the security aspect of the procedure.
This contribution is an update of R6-160233 with updates in blue. This document is update of R6-170038.The updates are marked in red color. Some working assumptions which are not agreed in earlier version are removed in this version.
2. Modifications to the signaling procedure for multilateration OTD
2.1 Signalling Procedure for Multilateration OTD method
As per analytical evaluations in [4], hybrid OTD based multilateration for asynchronous networks will have increased positioning error whereas the energy consumption of the procedure can be significantly reduced. Moreover, since the share of MSR base stations handling GSM/EDGE and LTE is expected to increase in future deployments, network synchronization across these GSM/EDGE base stations will be possible. In such a case, the OTD measurements of a single MS, in combination with the TA in its serving cell, is believed to be sufficient for position estimation. 
Multilateration OTD method uses serving cell TA estimation and the MS OTD measurements for neighbour cells versus serving cell to deduce the distance of MS from each of the base stations in order to determine the position estimate for the MS.

2.1.1 Obtaining MOTD measurement reports from MS 

For multilateration based position estimation, only specific cells are suitable for multilateration depending on the location of the cells/sectors. For instance, only one cell out of co-sited cells of base station is sufficient for multilateration. The information about the co-sited cells can be provided to MS as part of the Multilateration command as network assistance information.
As SMLC is expected to have the geo-location information of all the cells of the network, it can deduce the co-sited cell-list for network assistance based on this information. For the multilateration procedure based on OTD measurements, no additional assistance information from the serving BSS is required. 
Assuming that required positioning accuracy is known at SMLC, SMLC may indicate the target number of required OTD measurements in the network assistance information in the Multilateration OTD request message to optimise the energy consumption of the MS for the overall procedure. 
The specific steps of Multilateration OTD procedure towards MS in connected state is illustrated in the diagram in Figure 1 below. In case the MS is in idle state at the time of triggering this procedure, the Paging for positioning procedure needs to be executed prior to the MOTD Measurement procedure.
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Figure 1: Signalling Procedure for obtaining OTD Measurements for MOTD Procedure.
In the above procedure MS releases the (EC) TBF with current serving cell after successful reception of the RRLP message and sending an acknowledgement on the RR layer to start measuring the OTD with neighbour cells. On completion of the required OTD measurements, MS establishes a new (EC) TBF on the serving cell and sends the Multilateration OTD Response message which contains the OTD measurement results including MS accuracy information.

We propose to agree the following working assumption.
	WA 1: Define the signalling procedure as described in this section for collection of OTD measurements for multilateration. SMLC provides network assistance information in the Multilateration OTD request which consists of 
1) Suitable cells together with co-sited cell information and 
2) Target number of OTD measurements.


2.1.2 Serving Cell Timing Estimation Reporting to SMLC

For SMLC to estimate the position using the multilateration OTD method, SMLC also requires serving cell timing advance estimation. The serving cell timing advance estimation at BSS together with the measured BTS reception accuracy along with MS timing estimation accuracy related information can be obtained from serving cell using the existing BSSMAP-LE message which is used to report the TA measurements from BSS to SMLC. This procedure will be defined as part of the Multilateration TA method. More details on serving cell timing advance measurements and related working assumptions are captured in [6].

2.2 OTD Measurement Support at MS

The above depicted procedure requires the MS to measure the observed time difference between serving cell and a neighbour cell only if

· there is no stronger neighbour cell from the co-sited cell list and

· the target number of OTD reports N is not already reached by relevant, stronger neighbour cells from other sites.

At high level following steps are required when OTD measurement reports at MS are triggered:

· the MS has to check the neighbour cells' BSIC for confirmation in the report. 

· the MS measures the signal strength of a neighbour cell and will – in addition to the timing of its serving cell – also acquire the timing of the neighbour cell in order to read its (EC‑)SCH/(EC‑)BCCH. 

· If the measured cell belongs to the neighbour cells for which the MS is requested to provide an OTD measurement (cf. the criteria above), the MS will determine the time difference (OTD) that it observes between the TDMA frame timing of the neighbour cell and the TDMA frame timing of its serving cell. 

· The MS's RRLP Multilateration OTD Response includes aside the OTD reports MS synchronisation accuracy of the neighbour cell for which OTD measurements are reported.
We propose to agree the following working assumption.
	WA 2: The MS supports inclusion of OTD measurements in the RRLP Multilateration OTD Response as depicted in this section. 


2.3 Co-sited information for Multilateration Positioning Procedure
The maximum number of cells in a cell group, from which only one OTD measurement is needed, should be 6 cells to cover deployment scenarios with 6 sectors cell site configurations. 
	WA 3: 
The encoding of Cell group information which contains list of co-sited cells in RRLP message should allow inclusion of minimum of 6 cells. 


2.4   MS Signalling Support for Multilateration Positioning
As multiple methods possible for multilateration based positioning including the OTD based multilateration positioning, an MS which supports multilateration based positioning is required to support at least one of the method for multilateration positioning. MS shall indicates its supported method via capability bitmap where each bit indicates support for specific method.

	WA4: An MS which supports multilateration based positioning indicates its multilateration capability to the network via capability bitmap where each bit indicates support for specific method including OTD based multilateration. At least one of the method should be supported by MS which supports multilateration based positioning.


2.5   Network Support Indication for Multilateration Procedure
A cell that is used as a serving cell for positioning or for a neighbour cell TA measurement in the case of MTA should support a good TA measurement accuracy. Hence it is necessary that the cell indicates its support for Multilateration Positioning (TA / OTD – whichever is used in the network) on the BCCH / EC-BCCH to avoid that the MS erroneously selects an unsuitable cell. The MTA method also requires support for receiving a new (EC-)RACH message, support for Extended Access Burst for connectionless packet access and decoding of additional parameters in the RLC block for connection-oriented packet access.
For Multilateration OTD method SMLC decides to use MOTD procedure only if real time differences between the serving cell and the neighbour cells selected for MOTD measurements are known at SMLC. 

	WA5: The support for Rel-14 Multilateration positioning is indicated in the SI / EC-SI.


2.6 Position Estimation based on single OTD measurement

Under some coverage conditions, it is possible that MS can detect only one neighbour cell site sectors. In such cases only one OTD measurement along with serving cell TA measurements will be available. If the RXLEV measurements of other neighbour cells are reported along with the single OTD measurements, SMLC can determine the position of the MS using bilateration method if If the bilateration results in 2 intersections of 2 circles, the reported Rx levels of the neighbour cells can be used to determine which of these 2 possible MS locations is more plausible.
	WA6: Multilateration OTD Response message includes the signal strength  of all the neighbour cells when only one OTD measurement result is included in the message so that it is possible to estimate the position of MS using bilateration method.


2.7 Use of MOTD and MTA Multilaterations together for position estimation for asynchronous networks

The MOTD positioning method can be used as an energy-efficient method for position estimation where the downlink timing of all the cells of the BSS is synchronised when frequent position estimates are needed with relaxed accuracy requirements compared to the MTA positioning method (e.g. in mobility scenarios, where lesser accuracy is acceptable as the current location is changing during the execution of any of the two procedures).

For asynchronous networks where the downlink timing of cells is not synchronised, a combination of the MOTD and MTA positioning methods may be used to gain or maintain the network’s knowledge on real time differences between cells with a sufficiently high accuracy. Hence in asynchronous networks, the SMLC may optionally trigger the MOTD procedure followed by the MTA procedure towards few cells so that the SMLC can determine the real time differences between the serving BTS and BTS at neighbour cell sites based on TA measurements and OTD measurements. Based on the availability of up-to-date RTD information and the required positioning accuracy, the SMLC decides whether the MOTD positioning method is to be triggered for new positioning requests.

	WA 7: For asynchronous network deployments, the SMLC may apply the use of the MOTD positioning method followed by the MTA positioning method for the purpose of updating the knowledge about real time differences between cells. The availability of this information about the required positioning accuracy is used by the SMLC to decide about triggering the MOTD positioning method. How to maintain updated information on real time differences between cells in the network is considered as implementation specific.


3.       Conclusion

The signalling procedure for obtaining OTD measurements as part of the MOTD procedure is described in this document along with additional working assumptions to optimise the overall signalling procedure.
The sourcing company proposes to agree the working assumptions provided in this document as basis for the functional description for the Multilateration OTD procedure and for the corresponding specification changes.  These form a basis for the stage 2 CR to 43.059 [7] and for companion stage 3 CRs.
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MS selects the cells for OTD measurements based on the received signal level and the co-sited cell lists information provided in the NW Assistance information.
For the selected cells, MS measures the time difference between TDMA frame timing of selected cell and TDMA frame timing of the serving cell.


RRLP: Multilateration OTD Response (OTD Measurements with neighbour cells along with measured MS downlink Sync accuracy information)



