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1. Introduction

A new work item for positioning enhancements for GERAN [1] was agreed at RAN#72. Two variants of the multilateration positioning procedure are proposed for enhanced positioning estimation for Rel-14: 
i) the Multilateration Timing advance method using the estimated timing advance to the serving cell and suitable neighbour cells for position estimation and 
ii) the Multilateration OTD method using the estimated timing advance to the serving cell and the MS measurement report containing the estimated OTD with neighbour cells for position estimation. 
Both these methods require timing advance estimation for the MS under interest at the serving cell which transmits the RRLP:Multilateration Request message to the MS.

This contribution proposes some modifications related to the timing advance estimation at the serving cell prior to sending the RRLP:Multilateration Request message to the MS.
The changes compared to the earlier version of this document are highlighted in yellow color.
2. Proposed modifications to serving cell TA estimation
2.1 Serving cell TA estimation for Multilateration Positioning 

The Multilateration Timing Advance procedure is triggered by sending the RRLP:Multilateration Request message to the MS. The MS then autonomously selects suitable neighbour cells based on network assisted information given in the RRLP:Multilateration Request message and performs the multilateration TA procedure in these cells. As per the message contents proposed for the RRLP:Multilateration Request in [2], the cell list provided in the assistance information only contains non-serving cells, however an accurate TA estimation to the serving cell is of key relevance in order to achieve an accurate position estimate. Hence two options exist for an accurate serving cell TA estimation:
1) As part of the multilateration TA procedure MS performs the multilateration TA access attempt also towards the serving cell as it is not included in the network assistance information.

2) The MS skips the multilateration TA access attempt to the serving cell, as it has established an (EC) TBF prior to receiving the RRLP:Multilateration Request message which serves to estimate its TA.
The second option is preferred, since it is more energy efficient and furthermore reduces the overall delay of the procedure. In this case, the timing advance to the serving cell should be estimated during (EC) TBF operation and be reported by the BSS towards the SMLC along with BTS receiver accuracy and MS accuracy related information, required for multilateration TA positioning, prior or at the release of the (EC) TBF.

Hence two related working assumptions WA1 and WA2 are proposed below. 

WA1: The timing advance to the serving cell is estimated during (EC) TBF operation for sending the RRLP:Multilateration Request message, thus avoiding another multilateration TA access to the serving cell. 
WA2: The timing advance to the serving cell needs also to be estimated for the Multilateration OTD method. It is also done during (EC) TBF operation for sending the RRLP:Multilateration OTD Request message.
Estimating the timing advance at the serving cell and reporting the MS accuracy related measurement quantities over the air to forward this information to SMLC requires however additional changes to the Multilateration Positioning procedure related to sending an access request for the paging response to the paging request indicating paging for positioning. This is elaborated in the following subsections. 
2.2 TA estimation upon access request for sending ‘paging for positioning’ response
The TA estimation for positioning on access bursts and normal bursts requires additional processing at the base station to achieve a higher accuracy. This additional processing includes oversampling and interpolation of the channel impulse response. In order to apply this additional processing on the bursts related to the multilateration TA procedure, the base station should be enabled to differentiate the access attempt for multilateration TA and channel access attempts with other establishment causes. In case of neighbour cells where the MS performs multilateration TA access on reception of the RRLP:Multilateration Request message, a new channel access message type was already decided to be introduced, but for the serving cell a similar differentiation is needed. Thus it is proposed to distinguish a message carrying a ‘paging for positioning’ response (used both for Multilateration TA and Multilateration OTD) from a channel access request carrying a page response (legacy case) or other establishment causes. For this purpose, it is proposed that the MS sends the Multilateration channel request message with an additional flag indicating whether the access attempt is meant for multilateration positioning or as page for positioning response. This yields working assumption WA3.
To this purpose the MS needs to send a new establishment cause in the new (EC-)RACH message, foreseen for TA multilateration, which enables the BSS to differentiate this access from others and apply additional processing for timing estimation with higher accuracy. In particular it is proposed to use one of the spare bits in the EGPRS Packet Channel Request and EC Packet Channel Request messages for Multilateration Timing Advance to indicate that the channels acess request is related to a page for positioning to start Multilateration Positioning. This yields working assumption WA3.
WA3: The MS shall reuse the EGPRS Multilateration Request or EC Multilateration Request message for sending the ‘page for positioning’ response. To this purpose one of the available spare bits in the message Multilateration Channel Request is used to indicate if the channel access request is related to sending a ‘page for positioning’ response or not. 
2.3 Obtaining the MS accuracy related information upon access request for sending ‘paging for positioning’ response

To inform the SMLC about the MS accuracy related information for the serving cell, the MS needs to include its downlink synchronisation accuracy and transmission offset measured quantities in the RLC block granted on UL, which is sent via the serving cell to the BSS and which also carries the TLLI of the MS. The BSS forwards this information along with the estimated timing advance and BTS reception accuracy quantity to the SMLC as part of the multilateration positioning procedure.

For estimating the timing advance to the serving cell, the serving cell performs the estimate during (EC) TBF operation required for sending the paging response. The MS includes the MS accuracy related parameters in the RLC block which conveys the LLC frame to the SGSN as paging response to the paging request for positioning. This yields working assumption WA4.
WA 4: When the MS sends the ‘paging for positioning’ response in the LLC frame to the SGSN via establishing an (EC) TBF, it includes aside the TLLI the MS downlink synchronisation accuracy and the MS transmission offset measured quantities in the RLC block.  
3. signaling procedure for serving cell ta estimation
Changes to the Multilateration TA procedure for MS in idle mode and in connected mode are depicted in this section which includes serving cell timing advance estimation before releasing the (EC) TBF with serving cell in order to perform neighbour cell multilateration TA.

3.1 Serving Cell Timing Advance Estimation for MS in idle mode
Changes for MS in idle mode are illustrated in Figure 1.
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Figure 1: Estimation of TA of serving cell within the Multilateration Positioning procedure (MS in idle mode (Standby state)).
The procedure consists of the following steps.

1. SGSN sends paging request indicating paging for positioning to MS which triggers the MS to immediately perform cell reselection. 
2. MS performs cell reselection to select suitable cell for sending the (EC-)RACH message which initiates the transmission of the paging response.

3. MS sends EGPRS Packet Channel Request or EC Packet Channel Request message with additional indication that it contains a paging response.
4. BSS estimates the timing advance with higher accuracy on the received access burst and also based on the normal bursts used to send the RLC block and determines the BTS synchronization accuracy. BSS receives the RLC block with information on TLLI, MS DL synchronisation accuracy and MS transmission offset and stores all quantities in the MS context.

5. BSS forwards the paging response (LLC frame) including the TLLI and the serving cell ID to SGSN. 

6. SGSN sends the Perform Location Request message to BSS. 
7. BSS includes the stored values related to timing advance, MS and BTS receiver accuracy and MS transmission offset in the BSSMAP LE Perform Location Request message and sends it to SMLC. 
8. SMLC considers this information as serving cell related timing estimation for the TA based multilateration and determines the parameters for Multilateration Positioning (i.e. method, target number of cells for access or measurement).
9. SMLC forms the RRLP:Multilateration Request message and sends it to SGSN via BSS (step 9a and 9b) by using BSSMAP connection oriented message which carries the RRLP message. This BSSMAP message may include an additional parameter to indicate the Multilateration Positioning Method timer. Based on presence of this additional parameter, BSS will send the estimated timing advance on reception of next uplink radio block.
10. BSS receives the DL UNITDATA PDU and sends it to MS. 

11. MS sends an (EC-)PACCH block to BSS for achnowledging the receipt of the RRLP:Multilateration Request message.
12. On reception of uplink (EC-)PACCH block, BSS estimates the latest timing advance to the serving cell and sends the timing advance along with BTS receiver accuracy and MS accuracy parameters to SMLC to update the serving cell related timing estimation before the MS leaves the cell for TA multilateration. 

13. By comparing serving cell related timing information at both instants (after paging request and after Multilateration request) the SMLC may detect if the MS is stationary or moving. 
This yields working assumption WA5.

WA5: The signaling procedure described in this section is used as mechanism for obtaining the timing advance to the serving cell for the multilateration positioning procedures and if MS is in idle mode.
3.2 Serving Cell Timing Advance Estimation for MS in connected mode
If the MS is in connected mode, the serving cell is known at the SGSN. In this case the SGSN sends the Perform Location Request message to the serving BSS without signalling related to paging for positioning. In this case, the BSS may not have the timing advance of the serving cell estimated with required accuracy and furthermore the MS synchronisation accuracy information is not available at the BSS.

In this case, the SMLC triggers a separate procedure to obtain the serving cell timing advance prior to the multilateration TA procedure. It requests the TA for the serving cell from the serving BSS by means of Network Assistance Information request and the BSS sends a Packet Polling Request message to the MS indicating that MS accuracy related information is required for Multilateration Positioning. The MS then sends a new (EC-)PACCH (e.g. PDAN or Packet Control Acknowledgement) message containing the MS accuracy related information. This yields working assumption WA6.
WA6: To estimate the timing advance to the serving cell if MS is in connected mode for Multilateration Positioning, the Downlink (EC-)PACCH message which assigns the downlink TBF indicates if the (EC-)PDAN message shall include the MS sync accuracy related information. The (EC-)PDAN message shall include the MS sync accuracy information along with other parameters if the downlink TBF assignment message requests for inclusion of the MS sync accuracy information in the uplink (EC-)PACCH.
4. summary

The sourcing company proposes to agree on the following working assumptions related to the serving cell timing advance estimation and the transport of BTS receiver accuracy and MS accuracy related information for the Multilateration Positioning procedures.

WA1: The timing advance to the serving cell is estimated during (EC) TBF operation for sending the RRLP:Multilateration Request message, thus avoiding another multilateration TA access to the serving cell. 
WA2: The timing advance to the serving cell needs also to be estimated for the Multilateration OTD method. It is also done during (EC) TBF operation for sending the RRLP:Multilateration OTD Request message.

WA3: The MS shall reuse the EGPRS Multilateration Request or EC Multilateration Request message for sending the ‘page for positioning’ response. To this purpose one of the available spare bits in the message Multilateration Channel Request is used to indicate if the channel access request is related to a sending a ‘page for positioning’ response or not. 
WA 4: When the MS sends the ‘paging for positioning’ response in the LLC frame to the SGSN via establishing an (EC) TBF, it includes aside the TLLI the MS downlink synchronisation accuracy and the MS transmission offset measured quantities in the RLC block.  
WA5: The signaling procedure described in section 3.1 is used as mechanism for obtaining the timing advance to the serving cell for the multilateration positioning procedures and if MS is in idle mode.
Note: WA3, WA4 and WA5 are related to serving cell timing advance estimation for the multilateration timing advance method which is triggered for MS in GMM standby state.
WA6: To estimate the timing advance to the serving cell if  MS is in connected mode for Multilateration Positioning, the Downlink (EC-)PACCH message which assigns the downlink TBF indicates if the (EC-)PDAN message shall include the MS sync accuracy related information. The (EC-)PDAN message shall include the MS sync accuracy information along with other parameters if the downlink TBF assignment message requests for inclusion of the MS sync accuracy information in the uplink (EC-)PACCH.
Corresponding changes with regard to 3GPP TS 43.059 are captured in [3] and [4].
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