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Abstract of the contribution: This contribution documents two alternatives for the LCS signaling procedures used to support Timing Advance (TA) based multilateration procedures in GERAN. These signaling procedures are intended to be used in conjunction with enhanced UE and BSS radio capability for TA estimation thereby allowing for substantially improved accuracy of LCS positioning compared to legacy GERAN methods.
1. Introduction
At RAN#72 a Work item on “Positioning Enhancements for GERAN” was approved [1]. Part of the WI scope is until RAN#73 to “study the performance of proposed positioning enhancements, including:
· evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement.
· procedures and signalling for the proposed positioning enhancements
· evaluate suitability of the proposed positioning enhancements for EC-GSM-IoT, including¨ impacts on MS complexity and power consumption”
This document focuses on the second bullet above, by using the mentioned TA multilateration method.
Two alternatives for LCS signalling procedures are considered for supporting TA based multilateration procedures in GERAN. 
· Network assisted selection: SMLC requests measurement report (TA values) wherein the SMLC determines the set of cells for which TA values are to be acquired (i.e. chooses the best cells from a positioning accuracy point of view). It does this by first acquiring measurement information from a UE and then sending the UE a command to perform multilateration using a specific a set of candidate cells. In this alternative the UE receives a SMLC Multilateration Alt 1 Request message message including a Reselection List message (identifying the candidate cells) and attempts access on each cell thereby allowing the BSS to acquire corresponding TA value. The BSS collects and sends the TA values to the SMLC. As a variation of this alternative, the target UE could still collect the TA values based on the specific set of candidate cells identified in the SMLC Multilateration Alt 1 Request message.
· [bookmark: _GoBack]MS autonomous selection: SMLC requests measurement report (TA values) wherein the UE determines the set of cells for which TA values are to be acquired. In this alternative the UE receives a SMLC Multilateration Alt 2 Request message, autonomously identifies a set cells, reselects to and attempts access on each cell thereby acquiring a corresponding TA value. The UE collects and sends the TA values to the SMLC.
Legacy protocols used for LCS related signalling are expected to be impacted when defining enhanced LCS procedures: 
· BSSMAP-LE: Used for SMLC to BSS communication on Lb interface (see TS 49.031). 
· BSSGP: Used for SGSN to BSS signaling on Gb interface (see TS 48.018).
· LLC: Used for SGSN to UE signaling (see TS 44.064).
· MAP: Used for LCS server (GMLC) to SGSN signaling on Lg interface (see TS 29.002)
· DIAMETER: Used for LCS server (GMLC) to SGSN signaling on Lgd interface (see TS 29.272)
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Figure 1 – Triggering the SMLC to Start Multilateration
1.    The LCS client communicates with the LCS server (GMLC) to request location information for one or more UEs within a specified quality of service (legacy message re-used).
2.	After performing registration authorization etc. for the target UE, the LCS server sends a MAP Provide Subscriber Location message to the LCS entity in the SGSN (legacy message re-used).
· It is FFS if the MAP Provide Subscriber Location message needs to provide some new indication allowing the SGSN to be aware that Multilateration procedure is to be triggered.
3.   When the SGSN receives the MAP Provide Subscriber Location message it sends a BSSGP PERFORM-LOCATION-REQUEST PDU to the LCS entity in the BSS using the LCS SAP (legacy message re-used).
· It is FFS if the BSSGP PERFORM-LOCATION-REQUEST PDU needs to provide some new indication allowing the BSS to be aware that the Multilateration procedure is to be triggered.
4.   	The LCS entity in the BSS sends the SMLC a BSSMAP-LE Perform Location Request message to trigger the Multilateration procedure in the SMLC. 
· The SMLC decides whether Multilateration Alt 1 or Alt 2 is to be used. 
· It is FFS if the BSSMAP-LE Perform Location Request message needs to explicitly indicate that the multilateration procedure is to be triggered or will parameters passed from the Client to the GMLC (and relayed to the SMLC through the SGSN and BSS) be sufficient for allowing the SMLC to determine that the Multilateration procedure is to be triggered.
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Figure 2 – Multilateration Alternative 1

5a.     Reception of a BSSMAP-LE Perform Location Request message triggers the SMLC to initiate the Multilateration Alt 1 procedure and it generates a SMLC Multilateration Cell Measurement Request message for delivery to a UE.
· The SMLC Multilateration Cell Measurement Request message indicates the UE is to identify a set of cells that are best from a positioning accuracy point of view and to report these cells back to the SMLC. 
· The SMLC sends the LCS entity in the BSS a BSSMAP-LE Multilateration Cell Measurement Request message (new message to be added to section 9 of 49.031) where the SMLC Multilateration Cell Measurement Request message to be delivered to the UE is included as an IE therein.
6a.    The BSSGP entity in the BSS uses the LCS SAP to send the SGSN a BSSGP Multilateration PDU (new BSSGP PDU to be added to section 10.5 of 48.018) and includes the SMLC Multilateration Cell Measurement Request message (to be delivered to the UE) as an IE therein.
· Alternatively the existing the BSSGP Position Command PDU can be used instead of the BSSGP Multilateration PDU in which case a new IE needs to be added (to the BSSGP Position Command PDU) for including the SMLC Multilateration Cell Measurement Request message.
7a.    Upon reception of the BSSGP Multilateration PDU the BSSGP entity in the SGSN extracts the SMLC Multilateration Cell Measurement Request message (to be delivered to the UE) and sends it to the TOM protocol entity.
· The TOM protocol entity prepends the TOM protocol header (1 octet) to the SMLC Multilateration Cell Measurement Request message and sends the resulting TOM PDU to the LLC entity using the TOM SAP.
· A new TOM Protocol Discriminator value = 0011 (Multilateration Application Protocol) is required – see Annex B of TS 44.064.
· The existing TOM Protocol Discriminator value = 0010 (RRLP) is not used since the intent is for the payload of the LLC PDU (i.e. the SMLC Multilateration Cell Measurement Request message) to be sent to a new application in the UE (i.e. the Multilateration Application).
· The LLC entity generates an LLC PDU (containing the TOM PDU), applies ciphering + integrity protection to the LLC PDU if required (if not already enabled and if indicated as required by the BSSGP Multilateration PDU) and then delivers it to the target UE.
· The LLC entity at the UE receives the LLC PDU and sends the payload therein to the TOM protocol entity.
· The TOM protocol entity in the UE strips off the TOM protocol header and thereby determines that the payload (SMLC Multilateration Cell Measurement Request message) is to be sent to the UE application managing the Multilateration Application Protocol (new application).
· The UE application managing the Multilateration Application Protocol acts on the SMLC Multilateration Cell Measurement Request message.
8a.     After the required cell measurements have been made the UE generates a SMLC Multilateration Cell Measurement Report message (for delivery to the SMLC) and sends it to the TOM protocol.
· The TOM protocol entity prepends the TOM protocol header (1 octet) to the SMLC Multilateration Cell Measurement Report message and sends the resulting TOM PDU to the LLC entity using the TOM SAP.
· A new TOM Protocol Discriminator value = 0011 (Multilateration Application Protocol) is required – see Annex B of TS 44.064.
· The existing TOM Protocol Discriminator value = 0010 (RRLP) is not used since the intent is for the payload of the LLC PDU (i.e. the SMLC Multilateration Cell Measurement Report message) to be sent to a new application in the SMLC (i.e. the Multilateration Application).
· A new message called SMLC Multilateration Cell Measurement Report needs to be defined for consumption by the SMLC.
· The SMLC Multilateration Cell Measurement Report message includes the cell measurements the UE has made since receiving the SMLC Multilateration Cell Measurement Request message.
· After prepending the TOM protocol header (to the SMLC Multilateration Cell Measurement Report message) the TOM protocol entity sends the resulting TOM PDU to the LLC layer using the TOM SAP.
· The LLC entity generates an LLC PDU (containing the TOM PDU) and delivers it to the SGSN.
9a.    The LLC entity at the SGSN receives the LLC PDU and sends the payload therein to the TOM protocol entity.
· The TOM protocol entity strips off the TOM protocol header and thereby determines that the payload (SMLC Multilateration Cell Measurement Report message) is to be relayed to the BSS.
· The BSSGP entity in the SGSN uses the LCS SAP to send the BSS a BSSGP Multilateration PDU (new BSSGP PDU to be added to section 10.5 of 48.018) and includes the SMLC Multilateration Cell Measurement Report message as an IE therein.
· Alternatively the existing the BSSGP Position Response PDU can be used instead of the BSSGP Multilateration PDU in which case a new IE needs to be added (to the BSSGP Position Response PDU) to include the SMLC Multilateration Cell Measurement Report message.
10a.   Reception of a BSSGP Multilateration PDU triggers the LCS entity in the BSS to send a BSSMAP-LE Multilateration Cell Measurement Response message (new message to be added to section 9 of 49.031) to the SMLC.
· The SMLC Multilateration Cell Measurement Report message is included as an IE within the BSSMAP-LE Multilateration Cell Measurement Response message.
11a.	Reception of the BSSMAP-LE Multilateration Cell Measurement Response message triggers the SMLC to generate a SMLC Multilateration Alt 1 Request message for delivery to a UE.
· The SMLC Multilateration Alt 1 Request message identifies the specific set of cells the UE is to use when performing the Mutlilateration procedure. 
· The SMLC sends the LCS entity in the BSS a BSSMAP-LE Multilateration Location Request Alt 1 message (new message to be added to section 9 of 49.031) where the SMLC Multilateration Alt 1 Request message to be delivered to the UE is included as an IE therein.
· The BSSMAP-LE Multilateration Location Request Alt 1 message informs the BSS about the set of cells for which it can expect access requests from the UE as part of the Multilateration procedure.
· The use of a temporary UE ID (e.g. 8 bits long) is seen as being acceptable for Alternative 1 wherein the SMLC selects the temporary UE ID and includes it within the SMLC Multilateration Alt 1 Request message delivered to the UE and within the BSSMAP-LE Multilateration Location Request Alt 1 message it sends to the BSS. 
· It is FFS regarding what minimum length of a temporary UE ID would be acceptable.
· When sending access requests as part of the Multilateration procedure the UE will include this temporary UE ID within the 11 bit access request message transmitted on the RACH (or on the PACCH for the case where the Multilateration procedure is performed in packet transfer mode), thereby allowing the BSS to associate the TA information it collects with a specific UE. 
· The use of a special training sequence code (e.g. TS7, see TS 44.018) on the RACH or a range of temporary UE ID values can allow a BSS to determine when it has received an access request sent as part of the Multilateration Alt 1 procedure and therefore process it accordingly.
12a.   The BSSGP entity in the BSS uses the LCS SAP to send the SGSN a BSSGP Multilateration PDU (new BSSGP PDU to be added to section 10.5 of 48.018) and includes the SMLC Multilateration Alt 1 Request message (to be delivered to the UE) as an IE therein.
· Alternatively the existing the BSSGP Position Command PDU can be used instead of the BSSGP Multilateration PDU in which case a new IE needs to be added (to the BSSGP Position Command PDU) for including the SMLC Multilateration Alt 1 Request message.
· The LCS entity in the BSS waits for access attempts by the UE in one or more of the cells it manages and collects the corresponding TA values until all have been collected (see step 11a) or a timeout occurs. 
13a.   Upon reception of the BSSGP Multilateration PDU the BSSGP entity in the SGSN extracts the SMLC Multilateration Alt 1Request message and sends it to the TOM protocol entity. The SMLC Multilateration Alt 1Request message is delivered to the UE the same way the SMLC Multilateration Cell Measurement Request message is delivered to the UE (see step 7a).
· The UE application managing the Multilateration Application Protocol acts on the SMLC Multilateration Alt 1Request message.
· It is FFS regarding what specific actions a UE is to take for every BTS corresponding to the list of cells it receives in the SMLC Multilateration Alt 1 Request message.
· Option 1: If ASAP is used and allows for 32 or more payload bits then for each cell specific access attempt the UE sends an access request on the RACH that includes its TLLI (or a shorter alias provided by the BSS). In this case the UE does not receive an assignment message on the AGCH (i.e. no further UE action is needed after sending an access request on the RACH since the Multilateration procedure can tolerate the occasional failed reception of access request from the UE).
· Option 2: If ASAP is not used then for each cell specific access attempt the UE sends an access request on the RACH, receives a corresponding assignment message on the AGCH and sends at least one RLC data block that includes its TLLI (or an alias provided by the BSS). No further UE action is needed since the Multilateration procedure can tolerate the occasional failed reception of an RLC data block from the UE.
· Option 3: A combination of using ASAP on the RACH, receiving an assignment message on the AGCH and sending at least one RLC data block on the assigned resources may be necessary for the BSS to determine a sufficiently accurate TA. No further UE action is needed since the Multilateration procedure can tolerate the occasional failed reception of an RLC data block from the UE.
· It is FFS regarding what specific enhancement to TA accuracy is needed (e.g. ¼ symbol) during the UE access procedure to allow the BSS to collect TA information that translates into the improved location accuracy targeted by the Multilateration feature.
· It is FFS how a BSS will determine when it has received an access request from a UE performing the Multilateration procedure. One possibility is to use a unique training sequence code for this purpose (e.g. TS7 sent on the RACH).
14a.  Upon receiving access requests from the target UE in all of the cells indicated by the SMLC (in the BSSMAP-LE Multilateration Location Request Alt 1 message - see step 11a.) or after experiencing a timeout (not all of the expected access requests are received) the LCS entity in the BSS sends the SMLC a BSSMAP-LE Multilateration Location Report Alt 1 message (new message to be added to section 9 of 49.031) containing the TA values it has collected for the target UE.
15a.  The SMLC acts on the BSSMAP-LE Multilateration Location Report Alt 1 message and thereby identifies the location of the UE and captures it a format needed for delivery to the client.
· The SMLC sends the LCS entity in the BSS a BSSMAP-LE Perform Location Response message that includes the identified UE location (existing BSSMAP-LE Perform Location Response message is re-used). 
16a.  The BSS sends the LCS entity in the SGSN a BSSGP PERFORM-LOCATION-RESPONSE PDU message that includes the identified UE location (BSSGP PERFORM-LOCATION-RESPONSE PDU is re-used).
17a.  The SGSN sends a MAP Provide Subscriber Location Report message to the LCS server that includes the identified UE location (existing message MAP Provide Subscriber Location Report is re-used). 
18a.  The LCS server provides the LCS client with the requested location information (legacy message re-used).
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Figure 3 – Multilateration Alternative 2
5b.    Reception of a BSSMAP-LE Perform Location Request message triggers the SMLC to initiate the Multilateration Alt 2 procedure and it generates a SMLC Multilateration Alt 2 Request message for delivery to a UE.
· The SMLC sends the LCS entity in the BSS a BSSMAP-LE Multilateration Location Request Alt 2 message (new message to be added to section 9 of 49.031) where the SMLC Multilateration Alt 2 Request message to be delivered to the UE is included as an IE therein.
· The use of a temporary UE ID (e.g. 8 bits long) is seen as being acceptable for Alternative 2 wherein the SMLC selects the temporary UE ID and includes it within the SMLC Multilateration Alt 2 Request message delivered to the UE.
· When sending access requests as part of the Multilateration procedure the UE will include this temporary UE ID within the 11 bit access request message transmitted on the RACH, thereby allowing the BSS to echo that same temporary UE ID back to the UE in the corresponding assignment message. 
· The use of a special training sequence code (e.g. TS7, see TS 44.018) on the RACH or a range of temporary UE ID values can allow a BSS to determine when it has received an access request sent as part of the Multilateration Alt 2 procedure and therefore process it accordingly.
6b.     The BSSGP entity in the BSS uses the LCS SAP to send the SGSN a BSSGP Multilateration PDU (new BSSGP PDU to be added to section 10.5 of 48.018) and includes the SMLC Multilateration Measurement Report Request Alt 2 message (to be delivered to the UE) as an IE therein.
· Alternatively the existing the BSSGP Position Command PDU can be used instead of the BSSGP Multilateration Measurement Request PDU in which case a new IE needs to be added (to the BSSGP Position Command PDU) for including the SMLC Multilateration Alt 2 Request message.
7b.    Upon reception of the BSSGP Multilateration PDU the BSSGP entity in the SGSN extracts the SMLC Multilateration Alt 2 Request message and sends it to the TOM protocol entity. The SMLC Multilateration Alt 2 Request message is delivered to the UE the same way the SMLC Multilateration Cell Measurement Request message is delivered to the UE (see step 7a of Alt 1).
· The UE application managing the Multilateration Application Protocol acts on the SMLC Multilateration Alt 2 Request message.
· The use of a temporary UE ID (e.g. 8 bits long) is seen as being acceptable for Alternative 2 wherein the SMLC selects the temporary UE ID and includes it within the Multilateration Measurement Report Request Alt 2 message delivered to the UE. 
· When sending access requests as part of the Multilateration procedure the UE will include this temporary UE ID within the 11 bit access request message transmitted on the RACH (or on the PACCH for the case where the Multilateration procedure is performed in packet transfer mode). The corresponding assignment message it receives on the AGCH echoes the temporary UE ID received by the BSS in the corresponding access request, thereby allowing the UE to associate the TA information in a received assignment message to a specific cell with a high degree of reliability.
· The use of a special training sequence code (e.g. TS7, see TS 44.018) on the RACH or a range of temporary UE ID values can allow a BSS to determine when it has received an access request sent as part of the Multilateration Alt 2 procedure and therefore process it accordingly.
· It is FFS regarding what specific actions a UE is to take for every BTS corresponding to the list of cells it receives in the Multilateration Measurement Report Request Alt 2 message.
· Option 1: For each cell specific access attempt the UE sends an access request on the RACH and receives a corresponding assignment message on the AGCH containing TA information (but no actual uplink transmission resources). No further UE action is needed since the assignment message provides it with the necessary TA information.
· Option 2: For each cell specific access attempt the UE sends an access request on the RACH, receives a corresponding assignment message on the AGCH containing TA information, sends at least one RLC data block on the assigned resources and receives a Packet Uplink Ack/Nack containing TA information. This may be necessary for the BSS to determine a sufficiently accurate TA and then convey it to the MS. 
· It is FFS regarding what specific enhancement to TA accuracy is needed (e.g. ¼ symbol) during the UE access procedure to allow the UE to collect TA information that translates into the improved location accuracy targeted by the multilateration feature.
· It is FFS how a BSS will determine when it has received an access request from a UE performing the Multilateration procedure. One possibility is to use a unique training sequence code for this purpose (e.g. TS7 sent on the RACH).
8b.     After the required access requests and corresponding TA values have been collected the UE generates a SMLC Multilateration Alt 2 Response message (for delivery to the SMLC) containing the TA values and sends it to the TOM protocol. The SMLC Multilateration Alt 2 Response message is delivered to the SGSN the same way the SMLC Multilateration Cell Measurement Report message is delivered to the SGSN (see step 8a of Alt 1).
9b.    The LLC entity at the SGSN receives the LLC PDU and sends the payload therein to the TOM protocol entity.
· The TOM protocol entity strips off the TOM protocol header and thereby determines that the payload (SMLC Multilateration Alt 2 Response message) is to be relayed to the BSS.
· The BSSGP entity in the SGSN uses the LCS SAP to send the BSS a BSSGP Multilateration PDU (new BSSGP PDU to be added to section 10.5 of 48.018) and includes the SMLC Multilateration Alt 2 Response message as an IE therein.
· Alternatively the existing the BSSGP Position Response PDU can be used instead of the BSSGP Multilateration Measurement Response PDU in which case a new IE needs to be added (to the BSSGP Position Response PDU) to include the SMLC Multilateration Alt 2 Response message.
10b.  Upon reception of the BSSGP Multilateration PDU the LCS entity in the BSS sends the SMLC a BSSMAP-LE Multilateration Location Report Alt 2 message (new message to be added to section 9 of 49.031) containing the SMLC Multilateration Alt 2 Response message extracted from the BSSGP Multilateration PDU.
11b.  Same as step 15a in Figure 2. 
12b.  Same as step 16a in Figure 2. 
13b.  Same as step 17a in Figure 2.
14b.  Same as step 18a in Figure 2.

5. Conclusion
Further discussion is needed for both alternatives described herein including an analysis of the battery consumption per location reporting event corresponding to each alternative. The intent is to identify if one or both of the alternatives is the preferred way forward and proceed with stage 3 work accordingly.
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