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Radio Interface Enhancements for TA based multilateration
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.
2. Modifications to the signaling procedure for multilateration

2.1 Modifications related to Cell Measurement Report procedure
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. 

For multilateration based position estimation, only specific cells are suitable for multilateration depending on the location of the cells/sectors. For instance, the co-located sectors of the same base station site will not be beneficial for multilateration based positioning. If the serving cell can provide such additional information, the MS can avoid measuring some cells which are not suitable for multilateration based positioning.

Based on the above facts, following changes are required to the signalling procedure, as described in [3]:

· Related to the triggering of the cell measurement report, the SMLC includes an indication of required OTD measurement reports (OTD Required) into the Multilateration Cell Measurement Request message, which is sent to the BSS. In particular a number N of neighbour cell sites, for which OTD reports are desired, is defined. For instance N may have values such as 0, 2, 3 or 4 in case of a 2 bit size parameter. 

· The BSS then determines the neighbour cell restriction information for OTD measurements based on the OTD measurement indication from SMLC or suitable cells for TA multilateration and adds following parameters according to [4]:

- indexes to the BA list for blacklisting neighbour cell(s) and 


- colocation information.
The BSS then includes these parameters in the BSSGP_Multilateration PDU sent to the SGSN.

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 Cell Measurement Report procedure. The specific steps of this latter procedure towards MS in connected state is illustrated in the diagram in Figure 1 below.


[image: image6.jpg]GMM-Paging-for-Positioning

UL-UNITDATA-PDU (LLC PDU]
( Neighbour cell restriction Info)

BSS includes the neighbor cell

restriction info in the UL-
UNITDATA-PDU

(EC-JPCH :Paging-for-Positioning
- (P-TMS}, short identifier) — —>

(EC-JAGCH :Immediate-Assignment
—{short-Identifier,UL-TBF resource) >/

(EC-JPDTCH :RLC-Block (LLC PDU)
s L e =





Figure 1: Cell Measurement Report Procedure for hybrid OTD based multilateration.

As an enhancement, the BSS can add the depicted neighbour cell restriction information to the UL UNITDATA PDU at the time when it forwards the LLC PDU containing the response for the page for positioning as further detailed in section 2.3. We propose to agree the following working assumption.
	WA 1: Define cell measurement reporting procedure including OTD reports as depicted in this section.


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

· the desired number of OTD reports N is >0,

· the measured neighbour cell is not in the blacklisted part of the BA list,

· there is no stronger neighbour cell from the same neighbour cell site and

· the desired 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 Cell Measurement-Report includes aside the OTD reports RXLEV measurements for all reported neighbour cells. Typically, OTD reports are only included for a subset of the reported neighbour cells.

We propose to agree the following working assumption.
	WA 2: The MS supports inclusion of OTD measurements in the RRLP Cell Measurement-Report as depicted in this section.


2.3 Enhancement to Paging procedure for Positioning 
When the positioning procedure is to be triggered towards the MS in idle mode, the MS should be paged first to identify the serving cell. This procedure can be enhanced as follows.

· SGSN sends additional information that the paging is for positioning purpose. This indication allows BSS to optimise the paging procedure.

· BSS sends new paging message on (EC-)PCH which includes BSS assigned short identifier. 

· MS sends new (EC-)RACH message Channel-Request-Positioning which includes the short identifier. Use of BSS assigned short identifier in the channel request avoids contention resolution on (EC-)RACH.

· BSS sends Immediate Assignment on (EC-)AGCH for uplink TBF with single RLC block.

· When BSS forwards the received LLC PDU to SGSN, it includes additional information (i.e. neighbour cell restriction information) which can be used in later stages of the positioning procedure.

The enhanced paging procedure for positioning is illustrated in Figure 2 below.
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Figure 2: Enhancements to Paging for Positioning procedure.
We propose to agree the following working assumption.
	WA 3: The paging for positioning procedure is modified to include the short identifier in the paging request and the paging response as depicted in this section.


2.4 Modifications related to Cell selection command and TA estimation
The TA estimation part of the positioning procedure is proposed to be changed by using the short identifier to avoid TBF establishment in each of the selected base stations. This aspect was already indicated in [2]. In this section more details on the required radio interface changes, as described in [5], to assign the short identifier for TA multilateration are given. In addition the transmission of the access burst for multilateration over dedicated resources is considered for improved performance.

The signalling procedure up to the LLC:RRLP:Cell Reselection Command is modified for inclusion of the short identifier (Positioning Reference Temporary Identifier, PRTI, [5]) and the dedicated resource information for transmission of the access request to selected base stations for TA multlateration and is given in Figure 3 below.
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Figure 3: Modified cell reselection and TA estimation procedure.

As part of the above depicted procedure, use of dedicated resource(s) for transmission of access burst(s) used for TA estimation is proposed. The dedicated resource(s) for the access burst transmission has the following advantages compared to the access burst transmission on common channel (RACH/EC-RACH):
· When the access burst is sent on dedicated resource, the base station knows the expected data bits in the access burst and hence all the symbols of the access burst (88 bits) can be used for timing estimation. 
· The dedicated resource for access burst transmission is given via secured signalling. Hence the possibility of any rogue MS sending access burst on CCCH to force erroneous positioning estimates can be avoided.

· As the dedicated resource transmission is collision free, overall energy consumption for loaded system conditions compared to CCCH access is less.

We propose to agree the following working assumption.
	WA 4: Use access over dedicated channel for intra-BSS TA measurements as depicted above and use access over common control channel for inter-BSS TA measurements.


3. Conclusion

Modifications to the signalling procedure for reducing the overall energy consumption of the Ms during the positioning procedure are proposed in section 2 related to inclusion of OTD measurement reports, usage of BSS assigned short identifier and channel access on dedicated resources for TA estimation.

As shown, these enhancements do not affect the security of the overall procedure and maintain the principle of SGSN-MS direct communication for exchanging the positioning related signalling messages.

The sourcing company proposes to agree the working assumptions provided in this document as basis for the functional description for the enhanced TA multilateration procedure and for the corresponding specification changes.  
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