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A DESCRIPTION OF WIRELESS LOCATION SIGNATURES (WLS) TECHNOLOGY FOR THE GERAN
Introduction

Wireless Location Signatures (WLS) technology is based on the fact that all digital wireless networks have signal strength or signal-to-interference ratio measurements built into their air interface standards.  WLS and other signal strength-based position location systems exploit a reporting structure that is already inherent in the wireless air interface.  As a handset measures the signal strength from nearby cells, it compiles a list of these measurements and reports them back to the serving base station, with the reporting procedure varying from protocol to protocol.  These measurements may be correlated to a database of signal strength maps, the best match indicating the most likely position of the handset.   

WLS location technology has successfully delivered highly accurate locations in commercial networks using GSM and IS-136 air interfaces, and is applicable to CDMA2000 and WCDMA.  In addition to the high accuracy that is achieved with WLS technology, the solution is significantly less complex than other network-based location technologies (e.g. U-TDOA and OTDOA). WLS requires no additional hardware within the RAN (or in the MS) and is flexible and scalable. The system can be deployed as a standalone, complementary, or hybrid application (e.g., combined with A-GPS).

The addition of WLS into the GERAN specifications is not meant to replace existing methods but to augment overall location services capabilities. The predominant location technology, A-GPS, has not been made widely available on GSM systems and has exhibited challenges in some urban and indoor environments. The WLS location method performs very well in urban, suburban, and indoor environments and less well in rural areas (where A-GPS excels). Suggestions have been previously made that a combination of A-GPS with a terrestrial location technology would best leverage the advantages and address the challenges of these technologies, independently. In addition to the complimentary performance of WLS vis-à-vis A-GPS, WLS addresses legacy handsets that are not served by A-GPS. WLS is an excellent technology candidate for hybridisation with A-GPS.
This remainder of this document discusses the advantages of WLS and describes the functionality to be added to the specifications listed in the change requests that are included.

Benefits of WLS in the GERAN environment

More than just a viable technology, signal strength-based position location has some key advantages over other position location technologies.  There are a number of benefits to using signal strength-based location technology. Since signal strength-based location technology requires only software, a central computing platform, and a standard software interface at the Mobile Switching Center (MSC), the complexity of this system is an order-of-magnitude less than other candidate location technologies for emergency service and commercial location applications. 

As shown in the following sections, WLS location yields accuracy results that are comparable to U-TDOA and AOA technologies. Below are listed some of the advantages of WLS over other network-based (terrestrial) location technologies:

· Signal strength-based location systems like WLS have very low time latency in calculating handset position.  In fact, they can determine location using the first measurement report provided by the handset.  Field trial and commercial deployment results show that the steady state accuracy of the signal strength-based location technology is achieved within 3 - 5 seconds in urban environments. 

· Signal strength-based location technologies (like WLS) require no dedicated hardware within the network or the user handsets.  Its relative simplicity allows fast deployment throughout a wireless network, as well as better scalability. Further, as no additional hardware exists in the RAN, the need for an independent backhaul network for LMU communications is eliminated.

· In principle, the performance of this technology is independent of air interface.  All major digital wireless telephone standards support some form of signal strength or signal-to-interference reporting. Thus, the performance of the technology is consistent across multiple air interfaces as compared to other technologies, whose accuracy is heavily dependent on the bandwidth of signals in the air interface. 

· As WLS is based on existing measurement reports within the network, the technology introduces no contribution to interference. 

· As the location technology is centralized (in a server), the need to perform software upgrades to hundreds of LMUs (as well as BSCs) is eliminated in any technology upgrade path.

· Any concern associated with compromising BTS equipment by introducing active RF hardware is eliminated with WLS.

· The WLS system provides position estimates for almost 100% of emergency-service and commercial-service calls, while the location yield from some other technologies is far lower.

· In a wireless network, numerous call events (registration, call initiation, hand-off, call drops, call blocks, etc.) generate Network Measurement Reports (NMRs), containing signal strength data that are fed back to the carrier’s network.  Since this is precisely the input to the signal strength-based Location Engine, WLS technology can produce accurate, real-time location stamping of important network events.  This capability of the technology is a valuable resource for network optimization, trouble-shooting, RF engineering, and traffic engineering.

The WLS Implementation for GSM networks (with details for overlay WCDMA) 

The following section proposes a method to integrate WLS into the GERAN.  The design goals are:

· Do not modify the MS, BSC, or BTS

· Use existing procedures in the MS and BSC to implement WLS

· Use the WLS location method in either the CELL_DCH or CELL_FACH states

· Limit GERAN modifications to the BSC and SMLC

· Enhance the messaging on the Lb to augment WLS functionality

The overall network architecture for a GSM/UMTS overlay network is illustrated below. In a standalone GSM network, the lower components and interfaces on the diagram are omitted. 
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Figure 1 – WLS SMLC deployment for dual GSM/UMTS Network

Active call measurements provide the base information required in WLS location technology. The specific measurements that can be used in WLS are outlined below. While all of the measurements noted are not necessary for WLS location capability. The accuracy of the system will be proportional to the number of measurements available to assist in the location process. 

There are a variety of measurements that the handset could make in a GSM network (all defined in the Measurement Report and Extended Measurement Report). The measurements for these reports are shown in Table 1 and Table 2 below. Likewise, there are a number of measurements the BSC is required to make.

Table 1: GSM Measurement Results.  The Measurement data listed below is sent from the handset to the BSC.

	BA-USED (octet 2), the value of the BA_IND field of the neighbour cell description information element or elements defining the BCCH allocation used for the coding of BCCH-FREQ-NCELL fields. Range 0 to 1.

	DTX-USED (octet 2) This bit indicates whether or not the mobile station used DTX during the previous measurement period.

Bit 7
0
DTX was not used
1
DTX was used

	RXLEV-FULL-SERVING-CELL and RXLEV-SUB-SERVING-CELL, (octets 2 and 3) Received signal strength on serving cell, measured respectively on all slots and on a subset of slots (see 3GPP TS 45.008)

The RXLEV-FULL-SERVING-CELL and RXLEV-SUB-SERVING-CELL fields are coded as the binary representation of a value N. N corresponds according to the mapping defined in 3GPP TS 45.008 to the received signal strength on the serving cell.

Range: 0 to 63

	MEAS-VALID (octet 3)
This bit indicates if the measurement results for the dedicated channel are valid or not

Bit 7
0
The measurement results are valid
1
the measurement results are not valid

	3G-BA-USED (octet 3)
The value of the 3G_BA_IND field of the neighbour cell description information element or elements defining the 3G Neighbour Cell list used for the coding of 3G BCCH-FREQ-NCELL fields. Range 0 to 1.

	RXQUAL-FULL-SERVING-CELL and RXQUAL-SUB-SERVING-CELL (octet 4) Received signal quality on serving cell, measured respectively on all slots and on a subset of the slots (see 3GPP TS 45.008)

CELL fields are coded as the binary representation of the received signal quality on the serving cell.

Range: 0 to 7 (See 3GPP TS 45.008)

	NO-NCELL-M, Number of neighbour cell measurements (octets 4 and 5)

Bits
1 8 7
Neighbour cell measurement result
0 0 0
None 
0 0 1
1
0 1 0
2
0 1 1
3
1 0 0
4
1 0 1
5
1 1 0
6
1 1 1
Neighbour cell information not available for serving cell

	RXLEV-NCELL i, Result of measurement on the i'th neighbour cell (octet 5, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16)

If the i'th neighbour cell is a GSM cell, the RXLEV-NCELL field is coded as the binary representation of a value N. N corresponds according to the mapping defined in 3GPP TS 45.008 to the received signal strength on the i'th neighbouring cell. See note 1 & 2.

If the i'th neighbour cell is a 3G cell, the contents of the RXLEV-NCELL field is defined in 3GPP TS 45.008.

Range: 0 to 63.

	Report on GSM cells:

BCCH-FREQ-NCELL i, BCCH carrier of the i'th neighbour cell (octet 6, 8,10, 12, 14, 15, 16 and 17).

The BCCH-FREQ-NCELL i field is coded as the binary representation of the position, starting with 0, of the i'th neighbour cells BCCH carrier in the BCCH channel list. The BCCH channel list is composed of one or two BCCH channel sub lists, each sub list is derived from the set of frequencies defined by reference neighbour cell description information element or elements. In the latter case the set is the union of the two sets defined by the two neighbour cell description information elements.

In each BCCH channel sub list the absolute RF channel numbers are placed in increasing order of ARFCN, except that ARFCN 0, if included in the set, is put in the last position in the sub list. The BCCH channel list consists either of only the sub list derived from the neighbour cell description information element(s) in System Information 2/5 (and possible 2bis/5bis) or of that sub list immediately followed by the sub list derived from the neighbour cell description information element in System Information 2ter/5ter for the case System Information 2ter/5ter is also received. If the set of ARFCNs defined by the reference neighbour cell description information element or elements includes frequencies that the mobile station does not support then these ARFCNs shall be included in the list.

The notation 2/5 etc. means that the rules above apply to the neighbour cell description information elements received in System Information 2, 2bis and 2ter and to those received in System Information 5, 5bis and 5ter separately.

See note 1 & 2.

Range: 0 to 31/30.

	Report on 3G cells:

If no more than 31 (GSM) ARFCN frequencies are included in the BA (list), the index BCCH-FREQ-NCELL 31 indicates report(s) on 3G cells.

In this case, the corresponding 'BSIC-NCELL' field in figure 10.5.2.20.1 carries the index of the i'th 3G neighbour cell in the 3G Neighbour Cell list defined in sub-clause 3.4.1.2.1.1, "Deriving the 3G Neighbour Cell list from the 3G Neighbour Cell Description". 3G cells with indexes above 63 are not reported (6 bits field).

If more than 31 (GSM) ARFCN frequencies are included in the BA (list), reporting of 3G cells is not possible with this IE.

Range: 0 to 63.

	BSIC-NCELL i, Base station identity code of the i'th neighbour cell (octet 6, 7, 8, 9, 10, 11, 13, 15 and 17)

For GSM cells, the BSIC-NCELL i field is coded as the binary representation of the base station identity code of the i'th neighbour cell. See note 1 & 2.

Range: 0 to 63.

NOTE 1: If the field extends over two octets the highest numbered bit of the lowest numbered octet is the most significant and the lowest numbered bit of the highest numbered octet is the least significant.

NOTE 2: If NO-NCELL-M < 6 the remaining RXLEV-NCELL i, BS-FREQ-NCELL i and BSIC-NCELL i fields (NO-NCELL-M < i <= 6) shall be coded with a "0" in each bit.


Table 2: Extended Measurement results for GSM. 

	SC USED (octet 2), indicates the value of the SEQ-CODE in the extended measurement frequency list information element used for defining the list of frequencies reported on.

Range: 0 to 1.

	DTX USED (octet 2).
This bit indicates whether or not the mobile station used DTX during the previous measurement period.

Bit 7
0
DTX was not used
1
DTX was used

	RXLEV carrier 'N' (octets 2 to 17). 
This field is coded as the binary representation of a value M. M corresponds according to the mapping defined in 3GPP TS 45.008 to the received signal strength on carrier N. N is the index to the frequency in the sorted list of frequencies defined in the EXTENDED MEASUREMENT ORDER message. The list is sorted in increasing order of ARFCN, except that ARFCN 0, if included in th e EXTENDED MEASUREMENT ORDER, is put in the last position of the sorted list. If the EXTENDED MEASUREMENT ORDER contains more than 21 carriers, only the signal strength of the carriers 0-20 shall be measured and reported.

Range: 0 to 63

If the EXTENDED MEASUREMENT ORDER message contains less than 21 carriers, the fields in the EXTENDED MEASUREMENT REPORT not referring to any specified carrier shall have RXLEV values set to zero. 


The RX level measurements from the serving and neighbor cells as contained in the measurement reports noted above represent the most frequently used information elements as they are critical to handoff activity within the network.  The signal strength measurements form the fundamental data point for comparison to the WLS’ RF signature database. Although RF signal strength remains the most critical measure, addition of  other data points will improve the accuracy of the RF fingerprint and subsequent location, proportionally.

In a network with UMTS overlay, it is conceivable that the handset could make UMTS measurements to further improve the accuracy of GSM locations.  This is supported in the standard through the Inter RAT Measurement Report.  Of course, the handset must be dual mode, having both GSM and UMTS capabilities, and there must also be an operational UMTS network.   The details of the measurement process are described in 3GPP document 25.133 section 8.1.2.5. 

WLS  Performance and Test Results

This section of the discussion document provides actual test results for WLS technology, both independently and as compared to other common location technologies. The first graph illustrates results from a direct comparison of WLS to Enhanced Cell ID with Timing Advance that was performed in London, UK. It has been argued that WLS is a form of ECID; this graph shows a near order-of-magnitude improvement in accuracy for RSSI signature-based technology (WLS) over cell-location technologies.
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Figure 2 – WLS vs. ECID+TA Test results

It has been stated in this document that WLS provides a very complimentary solution to A-GPS technology.  Specifically, WLS’ environment of best performance is the exact environment where A-GPS technology is most challenged, and visa-versa. The test results below are from a trial conducted in downtown New York and represent a comparison of the performance of WLS and A-GPS in a dense urban environment.
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Figure 3 – WLS vs. A-GPS Test results

The test cases provided heretofore have been run in urban environments. Although WLS suffers the same degradation in accuracy in sparsely deployed rural environments that is characteristic of UTDOA technology, it performs comparable to that technology and does not suffer the dramatic loss of accuracy that is typical of cell ID based location technologies in these environments. The following paragraphs outline the results of a trial in a suburban environment with a cell spacing of approximately 2 km. Cell ID was found to provide no better than 1000+m accuracy in this environment. 

The map below shows the area under which the trial was performed. The adjoining communities of Greenville and Spartanburg are in South Carolina in the United States and are fairly small metropolises with large suburbs that border a very rural environment. Test calls were placed in both cities and along the highway that connects them.
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Figure 4 – Map of OET IS-136 Field Test Areas in Spartanburg

and Greenville, SC.

The graph provided below outlines the performance of WLS in the Greenville/Spartanburg test. The tests were performed based on the recommended test guidelines that have been provided by the FCC for carriers to report their E911 system accuracy in compliance with the federal mandate. 
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Figure 5 – OET IS-136 Test Cumulative Error Distribution in Suburban Spartanburg and Greenville, SC.  

WLS Location Capacity

WLS locations supports a high location rate for active calls, while having minimal if any impact on overall system capacity, as the messaging already transmitted by the MS can be used for location.

For idle mobiles, the HLR will be interrogated to establish the serving MSC for the MS. The idle MS will be paged and assigned a DCCH or CCCH. The MS is now in dedicated mode and will begin to send Network Measurement Reports (NMRs) to the network. The WLS SMLC will receive these NMRs in a standard way from the BSC via the Lb interface and use the NMRs to establish the location of the MS. 
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