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BSS Based LCS Architecture
1. 1. Introduction

The LCS architecture standardized in the LCS Phase 1 supports location calculation in the SMLC connected to the MSC via the MAP interface ("NSS based architecture"). The NSS based architecture minimizes the changes to the BSS and facilitates a fast introduction of MS location. The current LCS architecture is presented in Figure 1.
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Figure 1. Current architecture defined in LCS Phase 1 for TOA ("NSS based LCS architecture")

The NSS architecture has some disadvantages for E-OTD implementation and for integration with GPRS and 3G systems. This contribution proposes a BSS based LCS architecture where the location of the mobile station (MS) is calculated in the BSS or in the MS instead of the NSS. This architecture allows for integration with GPRS and supports current activities in 3G systems. The contribution describes the BSS based LCS architecture and lists some benefits of the proposed architecture. Additionally, it is proposed that the new architecture is specified in LCS Phase 2 and that the architecture will be specified first for the MS assisted and MS based OTD. In later phases of standardization the BSS architecture can be applied also for other location methods, if needed.

2. 2. The BSS Based LCS architecture

The main difference between the BSS based LCS architecture and the current LCS architecture is that there is no separate SMLC network element, but the position calculation is performed inside BSS. Additionally, the Location Measurement Units (LMU) do not have to use the air interface for communication with the network and thus they can be considered to be part of BSS. The Figure 2 shows the BSS based LCS architecture.
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Figure 2. BSS based LCS architecture

Other characteristics of the proposed BSS based LCS architecture:

· The MSC queries the BSC for the MS location , if the location information is needed in the NSS. In the MS assisted E-OTD method the BSC, if the location is not known,  orders the MS to perform the measurements needed and the MS sends them to the BSC. The BSC calculates the position and returns it to the MSC. 

· The GMLC network element has the same functionality as in the NSS architecture, however is not required for the case of locating for E911.

· Location Measurement Units (LMU) do not have to communicate with the network using the air interface. The LMUs can be integrated to BTSs or they can be connected to BTSs by wired connections or they can use the radio interface. This also implies that the LMU registration procedures and LMU subscriber data in the MSC/VLR and in the HLR are not needed. 

· In mobile assisted E-OTD, mobile based location E-OTD and GPS methods the measurement data or MS location is transferred from MS to BSS using the Radio Resources (RR) signaling messages.

· BSS can locate MSs for operator application purposes (e.g. location of dropped calls, handover assistance) without interaction with NSS. 

· Information exchange (e.g. RTD values) between BSCs is done via the A-interface (BSC-MSC-BSC). The information transferred between BSCs is transparent to MSC (analogous to transferring of HANDOVER COMMAND from new BSC to old BSC in the inter-BSC handover)

· There is no need to standardize the A-bis interface signaling between LMUs and position calculation function in BSC.

3. 3. Benefits of the BSS based LCS architecture

This section presents some benefits of the proposed BSS based architecture.

Better support for operator applications

Operators may want to use MS location for improving the performance of the network (e.g. tracking of dropped calls) or network planning purposes (e.g. distribution of calls). The BSS based LCS architecture facilitates introduction of operator application, because there is less need to interact with NSS. Additionally, operator applications (e.g. location used for handover decisions) requiring very fast positioning cannot be done with the current NSS based architecture.

Better capacity

In the BSS based architecture the location calculation functionality is distributed to BSCs and thus BSS architecture allows higher positioning capacity than the NSS based architecture due to more distributed processing. This is important if there is a need to locate the majority of the calls. 

Easier introduction of new positioning methods

In the BSS based LCS architecture the location determination is done as a co-operation between the BSS and MS (without NSS). Thus new handset and network based position methods can be implemented inside the BSS without the need for significant standardization. In handset assisted and handsets based methods it is enough to define an appropriate signaling conveying the measurement data or MS position between MS and BSS.

Less signaling load in the network

In the BSS architecture there is no need to convey measurement information from BSS via MSC to SMLC. Thus the signaling load in the A-interface is lower than in the NSS based architecture. Additionally the MSC-SMLC interface is not needed at all and thus the load on the serving MSC decreases significantly.

More reliable communication between LMUs and the network

The air interface is not used for communication between LMUs and the network. This implies more reliable communication between LMU and network. 

Easier O&M of LMUs

The current NSS based architecture requires that the LMUs register to the MSC/VLR and to the HLR. This also means that the LMUs have subscriber data stored in the location registers. In the BSS based architecture LMU registration procedure and LMU subsriber data are not needed. Operations & Maintenance of LMUs is easier when they are not using the air interface for communications with the network. If the LMUs are part of BSS, e.g. SW updates can be done using the existing BSS O&M mechanisms. If the LMUs are using the air interface, data calls have to be used for SW update, if it is required to perform LMU SW update without a site visit. The alarming of the LMUs can be done via the  normal BTS alarm handling mechanisms.

Easier implementation of MS based OTD

In the MS based OTD location method the MS calculates its position based on MS measurements and on the information broadcast from network. The broadcast information contains e.g. Real Time Difference (RTD) information. In the current NSS based architecture the RTD information has to be sent first from BSS to SMLC via MSC and then returned back to BSS for broadcasting. In the BSS architecture there is no need to send RTD information to NSS (SMLC). This implies less complex implementation and less signaling load in the network. Additionally, there is no need to define how the RTD measurement data and other broadcast information is transferred from SMLC to BSS.

Potentially better accuracy due to usage of additional BSS information

In principle the additional information known by the Base Station System can be used to improve the location accuracy. This additional information can be e.g. the RX Level and RX Quality reported by the MS, cell identity, current or improved TA in BTS, OTD values reported by current GSM Phase 2 phones, information from adaptive antennas or other BSS related information available in the future. For example, the legacy handsets can potentially be located more accurately than what the cell identity provides, if the operator wants to use handset assisted or handset based location methods. Additionally the risk of unforeseen inaccuracy due to particular equipment may possibly be corrected by using additional information available to the BSS without standardization changes to the A-interface.

Potentially higher reliability

Since the proposal distributes the processing of the position calculation across BSC’s and does not rely on a single machine (GMLC/SMLC) for location computation the proposal can potentially offer higher reliability than the NSS architecture scheme.

Easier evolution to 3G

The BSS based LCS architecture is in line with current 3G proposals for MS positioning. This facilitates the evolution from the current GSM to the future GSM based 3rd generation systems.

Removal of Border Issues

Currently the existing TOA architecture suffers from a problem with the localisation of MS’s operating in the border areas between LMU’s controlled by different MLC’s.  There does not currently exist a mechanism by which the MLC’s are able to communicate and co-ordinate measurement activities of each others LMU’s. The most current proposal to solve this matter is to duplicate LMU’s in these border areas such that measurements from each site can be done by separate MLC’s.  The problem also arises when E-OTD is used with the existing architecture in that the synchronisation state of each BTS in the border area can be unknown by the serving MLC. The proposed architecture, by providing inter-BSC communications naturally alleviates this issue for E-OTD  and future network based location mechanisms without the unnecessary duplication of equipment.
4. 4. Summary

The LCS architecture standardized in LCS Phase 1 supports location calculation in SMLC connected to MSC. The Phase 1 architecture minimizes the changes to the BSS and facilitates the fast introduction of a MS location system.  However, the current NSS based architecture has some disadvantages when considering GPRS and 3rd generation system, and thus this contribution proposes a BSS based LCS architecture where the location of mobile station (MS) is calculated in BSS or in MS instead of NSS. It is proposed that the BSS based LCS architecture be standardized in LCS phase 2. In principle the BSS based LCS architecture can be used for different location methods. However, some location methods need specific information exchange between BSCs to be standardized. Due to the standardization timetable restrictions it is suggested that in addition to the BSS based LCS architecture the LCS Phase 2 standardization concentrates in standardization of Mobile Assisted and Mobile Based OTD using the BSS based LCS architecture.  
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