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A Solution for LCS in GPRS, the BSS+ Protocol Architecture

1 Introduction

In the last TSG GERAN meeting, it was suggested that an attempt to find a “BSS centric” architecture for “LCS in GPRS” (A/Gb-mode). This contribution describes such a solution. The BSS+ solution avoids the many problematic issues identified for other earlier proposals.

2 BSS+ Architecture Proposal

The network reference architecture for the BSS+ proposal is shown in the figure below.
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Figure 1: Network Reference Model for BSS+

3 Message Flows for the BSS+ Solution

The proposed message flows for the BSS+ solution are described below.

3.1 Packet Switched Mobile Terminating Location Request 
(PS-MT-LR)

Figure 2 illustrates the general network positioning for LCS clients external to the PLMN for packet switched services. In this scenario, it is assumed that the target MS is identified using an MSISDN, PDP address or IMSI.
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Figure 2: General Network Positioning for Packet Switched PS-MT-LR

3.1.1.1 5.1.1
Location Preparation Procedure

(1) See 3G TS 23.271.

(2) See 3G TS 23.271.

(3) See 3G TS 23.271.

(4) See 3G TS 23.271.

(5) See 3G TS 23.271.

(6) See 3G TS 23.271.

(7) See 3G TS 23.271.
(8) The SGSN sends the BSSGP Perform Location request message to the serving BSS for the target MS.

(9) The BSS forwards the message received in step 8 to the SMLC in a BSSAP-LE Perform Location request message. The BSS may add additional measurement data to the message to assist with positioning. The message is transported inside an SCCP connection request.

3.1.1.2 5.1.2
Positioning Measurement Establishment Procedure

(10) If the requested location information and the location accuracy within the QoS can be satisfied by the reported cell ID and, if available, TA value, the SMLC may send a BSSAP-LE Perform Location response immediately. Otherwise, the SMLC determines the positioning method and instigates the particular message sequence for this method defined in subsequent sections (see section 5.2). If the position method returns position measurements, the SMLC uses them to compute a location estimate. If there has been a failure to obtain position measurements, the SMLC may use the current cell ID and, if available, TA value to derive an approximate location estimate. If an already computed location estimate is returned for an MS based position method, the SMLC may verify consistency with the current cell ID and, if available, TA value. If the location estimate so obtained does not satisfy the requested accuracy or the location attempt failed, e.g. due to missing data, and sufficient response time still remains, the SMLC may instigate a further location attempt using the same (e.g. providing more assistance data to MS) or a different position method. If a vertical location co-ordinate is requested but the SMLC can only obtain horizontal co-ordinates, these may be returned.

3.1.1.3 5.1.3
Location Calculation and Release Procedure

(11) When location information best satisfying the requested location type and QoS has been obtained, the SMLC returns it to the BSS in a BSSAP-LE Perform Location response message. If a location estimate could not be obtained, the SMLC returns a BSSAP-LE Perform Location response containing a failure cause and no location estimate.

(12) The BSS forwards the BSSAP-LE Perform Location response message received in step 11 to the SGSN in a BSSGP Perform Location response message.

(13) See 3G TS 23.271.

(14) See 3G TS 23.271.

NOTE: PS-MO-LR and PS-NI-LR would be handled in equivalent ways (i.e. a BSSGP Perform Location Request is sent from the CN to the GERAN to start the positioning procedure in GERAN and all CN signaling will be based on 3G TS 23.271).

4 Protocol Stacks for BSS+ Solution

This architecture would give allow us to define the following protocol models.
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Figure 3: Protocols for SMLC to MS communication

A new BSSGP message is needed to carry the RRLP message from the BSS to the SGSN.


[image: image3.wmf]SCCP

MTP

SCCP

MTP

BSSAP-LE

Lb

BSS

SMLC

BSSAP-LE

BSSLAP

BSSLAP


Figure 4: Protocols for SMLC to BSS communication

There are no updates foreseen from this protocol layering. Also notice that the lower layers on the Lb interface could be replaced by IP transport. 
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Figure 5: Protocols for SMLC to Type A LMU communication

The need for a Type A LMU in GPRS is FFS! However, if Type A LMU were supported, the BSSGP protocol would need to be modified to be able to carry the LLP protocol. Probably the same new message that is used to carry RRLP could be used.
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Figure 6: Protocols for SMLC to Type B LMU communication

No standards modifications would be needed for this because it is the same solution as for circuit switched LCS.

5 Further Details for Positioning Sequence Diagrams

This section provides more details for the new steps for LCS in GPRS with the BSS+ solution. The sequence is applicable to PS-MT-LR, PS-NI-LR, and PS-MO-LR. It is started by the SGSN after the optional privacy notification for PS-MT-LR. For PS-NI-LR it is started when the network decides to initiate the LCS procedure and the MS must be in GMM Ready Mode. For PS-MO-LR it is started after the reception of the MO LCS request from the MS.

Notice that the internal sub-structure of the BSS (BSC, BTS, PCU, etc.) will be removed when this material is reformatted to be included in the GERAN LCS Stage Two. It is shown here to give additional clarity to the proposals and help in determining which pieces of information are needed in various proposed messages. This also means that the Lb interface can terminate at any BSS entity and does not have to terminate at the BSC as suggested in these flows.
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Figure 7: CI + TA for LCS Procedure in GPRS with BSS+ Solution

Note on figure 7, if the PCU is co-located with the SGSN (see section 12.8 “Abis Interface (GSM Only)” in 3G TS 23.060), the PCU sub-box of BSS would be a sub-box of SGSN instead, but nothing else changes. The red arrows denote implementation specific internal communication in the BSS. The dashed arrows denote optional or conditional messages.

1. The SGSN starts the LCS procedure in the GERAN by sending the BSSGP Perform Location Request message. The included information in the message is PDU Type (M), TLLI (M), IMSI (M), DRX Parameters (M), Current BVCI for the MS (M), Current NSEI for the MS (M), Location Type (M), Cell Identifier (M), LCS Capability (M), LCS Client Type (C), LCS Priority (O), LCS Quality of Service (O), GPS Assistance Data (C). 

2. The BSS receives the BSSGP Perform Location Request message. If the BSS already has the TA Value stored for this MS (in BSC or BTS for DTM MS in dedicated mode or in the PCU-PTP), it will include that in the BSSAP-LE Perform Location Request message to the SMLC. If a Measurement Report from the MS is available, it may be included in the message to the SMLC. If no TA Value is available, the IMSI (C), DRX Parameters, Current BVCI for the MS, Current NSEI for the MS shall all be stored in the connection oriented signalling context towards the SMLC. The TLLI value shall always be stored in the connection oriented signalling context towards the SMLC. The included information in the message is Message Type (M), TLLI (M), Location Type (M), Cell Identifier (M), TA Value (C), Measurement Report (O), LCS Capability (M), LCS Client Type (C), LCS Priority (O), LCS Quality of Service (O), GPS Assistance Data (C).

3. The SMLC receives the BSSAP-LE Perform Location Request message. If the SMLC determines that the positioning method should be CI+TA and no TA was delivered in the BSSAP-LE Perform Location Request message, the SMLC sends a BSSAP-LE Connection Oriented Information message to the BSS, containing a BSSLAP TA Request message. If the positioning method should be CI (with no TA) or the TA was included in the BSSAP-LE Perform Location Request message, the procedure is continued in step 7 (The SMLC sends the BSSAP-LE Perform Location Response message).The BSSAP-LE information that is included is Message Type (M) and BSSLAP APDU (M).

The BSSLAP information that is included is the Message Type (M).

4. The BSS receives the BSSLAP TA Request message and:

a) If the TA Value is not available in the BSS and the MS is in Packet Idle Mode and there is no PBCCH allocated in the cell, the BSS will send a Packet Paging message (Paging Request Type 1/2/3) to the MS.

b) If the TA Value is not available in the BSS and the MS is in Packet Transfer Mode or the MS is in Packet Idle Mode and a PBCCH is allocated in the cell, the BSS will send a Packet Polling Request message to the MS.

5. The MS responds with any LLC frame if it received a paging message and with a Packet Control Ack. (in four access bursts) if it received a Packet Polling Request message.

6. The BSS now has the TA value for the MS and sends a BSSAP-LE Connection Oriented Information message, containing a BSSLAP TA Response message. The BSSAP-LE information that is included is Message Type (M) and BSSLAP APDU (M).

The BSSLAP information that is included is the Message Type (M), Serving Cell Identity (M), Timing Advance (TA), Measurement Report (O). 

7. The SMLC calculates the position of the MS and sends a BSSAP-LE Perform Location Response message to the BSS. The included information in the message is Message Type (M), TLLI (M), Location Estimate (C), Positioning Data (O), Deciphering Keys (O), LCS Cause (O).

8. The BSS receives the BSSAP-LE Perform Location Response message and sends the BSSGP Perform Location Response message to the SGSN. The included information in the message is PDU Type (M), TLLI (M), Location Estimate (C), Positioning Data (O), Deciphering Keys (O), LCS Cause (O).
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Figure 8: A-GPS and E-OTD for LCS Procedure in GPRS with BSS+ Solution

Note on figure 8, if the PCU is co-located with the SGSN (see section 12.8 “Abis Interface (GSM Only)” in 3G TS 23.060), the PCU sub-box of BSS would be a sub-box of SGSN instead, but nothing else changes. The red arrows denote implementation specific internal communication in the BSS.

1. The SGSN starts the LCS procedure in the GERAN by sending the BSSGP Perform Location Request message. The included information in the message is PDU Type (M), TLLI (M), IMSI (M), DRX Parameters (M), Current BVCI for the MS (M), Current NSEI for the MS (M), Location Type (M), Cell Identifier (M), LCS Capability (M), LCS Client Type (C), LCS Priority (O), LCS Quality of Service (O), GPS Assistance Data (C). 

2. The BSS receives the BSSGP message and relays it as a BSSAP-LE Perform Location Request message. The TLLI value shall always be stored in the connection oriented signalling context towards the SMLC. The included information in the message is Message Type (M), TLLI (M), Location Type (M), Cell Identifier (M), TA Value (M), LCS Capability (M), LCS Client Type (C), LCS Priority (O), LCS Quality of Service (O), GPS Assistance Data (C).

3. The SMLC receives the BSSAP-LE Perform Location Request message and sends a BSSAP-LE Connection Oriented Information message, containing a BSSLAP MS Position Command message, which contains an RRLP message (component). This message will be either the RRLP Measure Position Request message or the RRLP Assistance Data message. The BSSAP-LE information that is included is Message Type (M) and BSSLAP APDU (M).

The BSSLAP information that is included is the Message Type (M), RRLP Flag (M), and RRLP Info (M).

4. The BSS receives the BSSAP-LE Connection Oriented Information message containing a BSSLAP MS Position Command message. The BSS sends a BSSGP Position Command message to the SGSN, containing the RRLP message (component) that was received in the BSSLAP MS Position Command message. The included information in this case is PDU Type (M), APDU (M).

5. The SGSN receives the BSSGP Position Command message containing the RRLP message (component). The SGSN takes the contents of the APDU (the RRLP component) and packs it into an LLC UI frame. The new LCS SAPI value will be used for this UI frame. The contents of this LLC UI frame is transferred the same way as SAPI 7 (SMS) UI frames.

6. The MS receives the RRLP message (component) in the LLC UI frame and responds with a RRLP message of its own in another LLC UI frame.

7. The SGSN unpacks the RRLP message (component) from the LLC UI frame and packs it into a BSSGP Position Response message. The included information is PDU Type (M), TLLI (M), APDU (M).

8. The BSS receives the BSSGP Position Response message and sends a BSSAP-LE Connection Oriented Information message, containing a BSSLAP MS Position Response message. The BSSAP-LE information that is included is Message Type (M) and BSSLAP APDU (M).

The BSSLAP information that is included is the Message Type (M) and RRLP Info (M).

If the amount of data to be sent from the SMLC to the MS (step 3-8) is more than what can fit into one BSSAP-LE Connection Oriented Information message (240 octets), the steps 3-8 will be repeated the number of times it takes to deliver all the data.

9. The SMLC receives the BSSAP-LE Connection Oriented Information message and sends a BSSAP-LE Perform Location Response message to the BSS. The included information in the message is Message Type (M), TLLI (M), Location Estimate (C), Positioning Data (O), Deciphering Keys (O), LCS Cause (O).

10. The BSS receives the BSSAP-LE Perform Location Response message and sends the BSSGP Perform Location Response message to the SGSN. The included information in the message is PDU Type (M), TLLI (M), Location Estimate (C), Positioning Data (O), Deciphering Keys (O), LCS Cause (O).
Notes:

(1)The TLLI is needed in the BSS to correlate the message to the correct MS, so it is included in the BSSGP Perform Location request. For the Gb interface the TLLI is always used as the MS identifier.

(2) The TLLI will be stored in the BSS connection oriented signalling context towards the SMLC, so that it can be recovered and used when a BSSAP-LE Connection Oriented Information messages is received. The IMSI, DRX Parameters, Current BVCI for the MS, Current NSEI for the MS are all stored in the same context if no TA Value is sent to the SMLC in the BSSAP-LE Perform Location Request message (they may be needed for paging group calculation and PCU-PTP addressing at a BSSLAP TA Request later on).

(3) The Classmark Information Type 3 is not available in GPRS. Therefore a new MS LCS Capability IE for transfer from SGSN to SMLC is defined. In order to obtain this information in the SGSN, the LCS Capability IE will be sent. This is a new IE, that contains the LCS related parts from the MS Radio Access capability IE of GMM (3G TS 24.008). This IE (MS RAC) would need to be updated to carry LCS capabilities.

(4) The Chosen Channel will not be available in the SGSN, so it will not be included in the BSSGP/BSSAP-LE Perform Location Request message.

(5) An APDU that can either carry RRLP or LLP (if there is a decision to include LMU Type A) is used in the BSSGP Position Command message.

(6) The inclusion of TLLI in the BSSAP-LE Perform Location Request message and the BSSAP-LE Connection Oriented Information message will also serve as an indication to the SMLC that the current positioning is for the PS domain. An explicit IE to indicate this could also be used.

(7) What are the impacts from Dual Transfer Mode on the PS domain positioning procedures? This issue will need further study.

(8) The current BVCI and NSEI for the MS is needed as BSSGP IEs in the BSSGP Perform Location Request message in order for the BSS to be able to obtain the TA value from the MS, but the BSSGP Perform Location Request message itself would be sent to the PCU Signaling Entity (BVCI = 0000).

“Error” Cases:

(1) A BSSGP Perform Location Abort message is needed so that the BSC or SGSN can abort the LCS procedure when needed.

(2) Cell Change: If the MS changes cell after the initial page response (MT-LR) or SS MO-LCS request, the SGSN will be notified.

For E-OTD and A-GPS, the SGSN will “always” send the LLC UI frame to the correct cell. If the MS changes cell between step 5 and 6 above, the MS just send the reply any way. No aborts are needed for a cell change unlike the handover situation in the CS LCS solution. There is a signal race condition where the MS changed cell and is sending the Cell Update at the “same time” that the SGSN sends the LLC UI frame. In this case, the LLC UI frame will be lost and after a time-out, the SMLC will re-send the BSSAP-LE Connection Oriented Information message or if there is no more time available, send the BSSAP-LE Perform Location Response message.

For CI+TA the SGSN always knows which cell the MS is located in and includes the NSEI and BVCI for it in the BSSGP Perform Location Request message. Thus, a Cell Change does not affect the CI+TA method only impacts this method if it happens between the time the SGSN sends the BSSGP Perform Location Command and when the BSS receives the BSSLAP TA Request message. This is a short time (a couple of seconds at most) and a cell change should not happen frequently in it.

(3) RA Update (and thus potentially a change of BSC and SMLC): If the RA Update is an Inter BSC RA Update, the SGSN will abort the positioning by sending a BSSGP Perform Location Abort message to the BSS. After the abort the positioning procedure may be restarted in the new BSC. If it is a Intra BSC RA Update, the handling will be the same as for Cell Change.

(4) Loss of Radio Connection: If the BSS detects a radio link failure, it shall send a BSSAP-LE Perform Location Abort message to the SMLC to abort the positioning procedure.

(5) MS in GMM changing to GMM State Stand-By: If the MS changed state to GMM Stand-By, the SGSN will be aware of this.

For E-OTD and A-GPS, if the MS is in GMM state Stand-By, the SGSN will page the MS after receiving the BSSGP Position Command message and after the page response, it will deliver the LLC UI frame (same handling as when the SGSN receives an SMS message today).

For CI+TA, if the MS changed very quickly to GMM State Stand-By, the BSC would page (PBCCH not allocated) or send a Packet Polling Request on the PAGCH (PBCCH allocated) in the cell where the MS was last located (because the MS is in Packet Idle Mode). Thus, there is no problem due to the MS moving to the GMM State Stand-By unless the MS also moved to a new cell, which is unlikely considering the short time (at most a couple of seconds) between when the MS was in GMM State Ready and the BSSLAP TA Request message.

(6) P-TMSI Reallocation: If the P-TMSI (and thus the TLLI) is reallocated, the SGSN always knows this. The SGSN shall abort the positioning with a BSSGP Perform Location Abort and restart the procedure if enough time remains or unsuccessfully finish the procedure if there is not enough time to restart.

(7) CS Page: If a CS page arrives at the SGSN, it will page the MS and then abort the LCS procedure if a GPRS suspension request (BSSGP SUSPEND PDU) is received. This abort is performed by sending a BSSGP Perform Location Abort message to the BSS.
6 LMU Type A

The need for PS communication to a Type A LMU is FFS. However, if a Type A LMU is defined for PS, then it should appear as a regular MS in the SGSN. This means that it attaches, uses RA Update messages etc. This minimizes the amount of impact on the SGSN in order to support the Type A LMU. The SMLC to LMU messages, would appear the same in the SGSN as the SMLC to MS messages (received in a BSSGP Position Command message and sent in a LLC UI frame, maybe a different SAPI could be used though?), only the content would be different.

7 Standards Impacts from BSS+ Solution

The following is a list of the specifications that would need to be updated for the BSS+ solution (note, now including all specifications affected by BSS+):

· 3G TS 23.271 (CN LCS Stage Two); To show the new messages across the Gb interface (BSSGP Position Command, BSSGP Perform Location Request [?]).

· 3G TS 24.007 (Layer 3, general); To describe how the LCS entity communicates with the LLC entity. To include the mechanism for transferring SS messages in GPRS (Already done by 3GPP TSG CN).

· 3G TS 24.008 (Layer 3); To show the LCS capabilities in the MS Radio Access capabilities information element.

· 3G TS 24.030 (The LCS SS); To describe how the LCS SS is using GMM over LLC in GPRS (Possibly already done by 3GPP TSG CN).

· 3G TS 43.059 (LCS Stage Two); to describe the protocol architecture, signaling sequences, error handling, etc.

· 3G TS 44.031 (RRLP); to indicate the max size of a RRLP message (component) used in the PS domain and how to pack RRLP messages (components) into the LLC frame and which SAPI to use.

· 3G TS 44.064 (LLC); to add the new LCS SAPI.

· 3G TS 44.071 (LLP); FFS, only if LMU Type A is supported in GPRS.

· 3G TS 48.018 (BSSGP); to add the Perform Location Request/Response/Abort PDUs, to add the Position Command/Response PDUs all targeted to the Signalling BVCI as well as the procedures to handle those messages.

· 3G TS 49.031 (BSSAP-LE); to add the IEs needed for GPRS (TLLI, Current BVCI for MS, Current NSEI for MS, LCS Capability) to the Perform Location Request/Response messages to indicate that BSSAP-LE level segmentation cannot be used for PS procedures.

8 Conclusions

Using the BSS+ proposal as the solution for LCS in GPRS gives a great way forward for the feature. The solution has small overall impacts on the system and allows reuse of many existing LCS and GPRS functions. It is a BSS centric solution and does not introduce any new interfaces, while staying well in line with the existing GPRS architecture.

9 Open Issues

The following issues still need further investigation:

· Is there a need for an LMU Type A for GPRS?

· Should there be a capability negotiation between the SGSN and the BSS for LCS in GPRS?

· Would it be advantageous to use a new “dedicated” entity in BSS for LCS (instead of using the Signaling Entity for the new LCS related BSSGP messages)?

· Which QoS to use for the LLC UI frame relaying the RRLP messages from the SGSN to the MS needs to be determined as well as which PFC to use for this.

10 Recommendation

Adopt the BSS+ protocol architecture as the solution for LCS in GPRS (work item “Location Services (LCS) for GERAN in A/Gb Mode”). A choice of protocol architecture for LCS in GPRS would allow the task of writing stage two and stage three for LCS in GPRS to be started immediately and allow the work to finished on time.
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