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1 Introduction

Figure 1 illustrates the general procedure of the measurement-based positioning method, which includes the AMS and the ABSswith ranging procedure. In the first phase, the AMS obtains all the coordinates of the neighbor ABSs by listening to the broadcast message from the serving ABS. The LBS can be initiated by either AMS or the ABS. In the second phase, the AMS and the ABS negotiates LBS-related parameters according to measurement capability, calculation capability, LBS purpose, and updating types. Then, in the third phase, the AMS and the ABS start to perform measurement process for the distance-related information. In the final LBS reporting phase, either AMS or ABS reports the measured data for the peer to calculate the positioning information, or simply reports the positioning information based on the request. Hybrid measurement-based positioning methods, which refers to the proposed precise and the coarse location estimation for LBS in [3], are considered in this contribution.
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Figure 1. General Message Flow of Measurement-Based Positioning Method
In the LBS broadcasting process, serving ABS periodically broadcasts LBS-ADV message, which contains the position information of itself and the neighboring ABSs. With the information, AMS can perform measurement-based operation to obtain AMS’s position. In 802.16m, the measurement operation can be implemented by periodic ranging. This contribution mainly focuses on discussing the procedures and related signaling messages to facilitate the measurement-based positioning method.
On the other hand, the AMS with the GPS device can also provide the location information. The GPS method defined in the contribution refers to the measurement method involves the GPS system, e.g., pure GPS method obtains the location information from GPS device and A-GPS obtains the location information from GPS device and necessary data from the serving BS. In this case, the serving ABS can ask for the location information from the AMS providing that the AMS has a GPS device. Figure 2 illustrates the general procedure of the GPS positioning method. In the first phase, the AMS obtains all the coordinates of the neighbor ABSsby listening to the broadcast message from the serving ABS. The LBS broadcasting phase here is for the utilization of A-GPS method. In the second phase, the AMS and the serving ABS negotiatesa GPS measurement positioning update according to measurement capability, calculation capability, LBS purpose, and updating types. Then, in the third phase, the AMS perform measurement process for the distance-related information. In the final LBS reporting phase, the AMS reports the measured data to the serving ABS to calculate the positioning information, or simply reports the positioning information based on the request. In the scenario, the signaling messagesfor the negotiation and the reporting phases to facilitate the GPS positioning method are also considered in the contribution.
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Figure 2. General Message Flow of GPS Positioning Method
The organizations of the contribution are listed as follows. Section 2 describes the signaling messages for both measurement-based/GPS methods. Section 3 illustrates the procedures how the LBS performs with the signaling messages through hybrid measurement-based method proposed in [3]. The scenarios to perform pure measurement-based method for the hybrid measurement-based method are described in section 3.1. Section 3.2 describes the scenario of performing GPS/measurement-based method for the proposed hybrid measurement methods.

2 Signaling Messages for Measurement-Based and GPSPositioning Method
During the measurement negotiation phase, AMS and ABS exchange LBS capabilities and negotiate configuration parameters. Two messages, AAI_LBS_MEA-REQ and AAI_LBS_MEA-RSP, are defined accordingly.
i. LBS measurement request (AAI_LBS_MEA-REQ)
AAI_LBS_MEA-REQ is sentfrom AMS to ABS. The AAI_LBS_MEA-REQ is utilized as the initiation of LBS or as the response to the LBS initiation by ABS. The necessary parameters are:
· LBS purpose: Idle mode switching LBS, location management, emergent call
· Measurement type: GPS, downlink measurement, or uplink measurement
· Calculation type: performing calculation on AMS or ABS
· Calculation capability: AMS’s calculation capability ON/OFF
· Measurement capability: AMS with/without GPS
It is noted that the first three items are exchanged during the negotiation phase every time and the last two items with star sign are exchanged only during the first time LBS between AMS and its current serving ABS.
ii. LBS measurement response (AAI_LBS_MEA-RSP)
AAI_LBS_MEA-RSP is sent from ABS to AMS. The AAI_LBS_MEA-RSP is utilized as the initiation of LBS or as the response to the LBS initiation by AMS. The necessary parameters are: 
· LBS purpose: Idle mode switching LBS, location management, emergent call
· Measurement type: GPS, downlink measurement, or uplink measurement
· Calculation type: performing calculation on AMS or ABS
· Updating method: periodic and event-triggered
· Updating timer ( if periodic updating method is applied) 
· Measurement-based timer (set up the timer for either the downlink or uplink measurement)
· Periodic Ranging timer (set up the timer for the periodic ranging)
· Trigger condition (if event-triggered method is applied)
· Admission code: permits the LBS requests by AMS or reject the requests
Since the distance information obtained from periodic ranging is compared with the distance threshold for the trigger condition, the period of the periodic ranging can be modified for the LBS negotiation. During the LBS reporting phase, AMS or ABS reports the measured data for the peer to calculate the positioning information (e.g., AMS-assisted D-TDOA/TOA method), or simply reports the positioning information. AAI_LBS_MEA-REP is defined accordingly.
iii. LBS report (AAI_LBS_MEA-REP)
The AAI_LBS_MEA-REP is sent by AMS or ABS, and it is utilized to report the assistance data (measurement) for calculation or to report the calculated position result, depending on the measurement method. The necessary parameters for AAI_LBS_MEA-REP are:
· Assistance Data: TOA, TDOA, AOA … etc.
· AMS Position: Absolute coordinate reporting or reference coordinate reporting
3 Procedures for Hybrid Measurement-Based Methods
Based on [1]-[2], it is required to provide satisfactory location estimation performance under a wide-range of AMS’s moving speeds. It is noted that timing information for measurement-based method, i.e., the TDOA measurements, from at least four ABSs is required to perform location estimationfor anAMS. The TDOA scheme acquires more accurate location information. However, the frequent TDOA measurements with other neighbor ABSs can be time-consuming and impractical processes for location estimation. It is a waste of the bandwidth to scan for the neighbor ABSs frequently. On the other hand, the location information for GPS method can be obtained from the GPS providing that the AMS equips a handset device. The frequent utilization of GPS also consumes more power for the AMS.
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Figure 3. Timing diagram for the relationship between the coarse and precise location estimation
In [3], we have proposed a hybrid measurement-based method to assist the location based services. The hybrid measurement-based method refers to two-level location information updating– precise location estimation and coarse location estimation. The main idea is to extend the time period of performing precise location estimation with the interpolation of the coarse location estimation to reduce the signaling cost for network-based and to reduce the power consumption for GPS-based method. As in Figure 3, in a longer time period, precise location estimation is performed, e.g., U-TDOA, D-TDOA, GPS. At the starting point, it executes for two or more times when the location based service is requested to acquire related location information, e.g., AMS’s position, velocity, and acceleration. After that, it may execute periodically (time driven) orper-request (event-triggered driven). In a shorter time period, coarse location update is performed. It executes periodically between two precise location estimation states. AMS updates location information only with serving ABS or by itself with the related location information obtained from previous time step for the coarse location estimation.
In order to clarify the required format of the message flow, the proposal classifies different scenarios and illustrates how the message flow is performed with the hybrid measurement-based method. In the following subsections, the examples of the cell-based measurement and GPS/measurement method are introduced.
3.1 Hybrid TDOA/TOA method
In this section, the pure measurement method, which refers to both the precise and coarse location estimation performed by the measurement method, is introduced with the examples of message flow. Based on the measurement direction (U-TDOA or D-TDOA) and the calculation capability (with AMS calculationcapability or not), the scenarios for measurement based method are classified into ABS-based U-TDOA/TOA method, AMS-assisted D-TDOA/TOA method, and AMS-based D-TDOA/TOA method.
3.1.1 ABS-based U-TDOA/TOA method
The ABS-based U-TDOA/TOA method refers to the uplink measurement process for the precise location estimation,the ranging process for the coarse location estimation, and the position calculation is performed by ABS. Figure 4 illustrates the ABS-based TDOA/TOA scheme initiated by the serving ABS. The TDOA state refers to the precise location estimation with U-TDOA measurement and the TOA-state refers to the coarse location update by the ranging process with the serving ABS. At the TDOA-state, the ABS negotiates the uplink measurement which indicates the CDMA codes and the timing for U-TDOA process by AAI_LBS_MEA_RSP. The ABS also decides the updating type as periodic updating and indicates the period according to the LBS purpose with AAI_LBS_MEA_RSP. The AMS starts the U-TDOA process as instructed by AAI_LBS_MEA_RSP and the TDOA measurementisdone by the serving ABS and the neighbor ABSs. The ABS calculates the position and set the timer for the next updating according to the position result. At the TOA-stage, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS performs the position calculation.
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Figure 4. Message Flow of ABS-based TDOA/TOA method (initiated by ABS) 

Figure 5 illustrates the ABS-based U-TDOA/TOA scheme initiated by the AMS. At the TDOA-state, the AMS requests the uplink measurement by the AAI_LBS_MEA-REQ and the ABS responses with the AAI_LBS_MEA-RSP which indicates the CDMA codes and the timing for U-TDOA process. The ABS permits the updating type as periodic updating and indicates the period according to the LBS purpose. The AMS starts the U-TDOA process as instructed by the AAI_LBS_MEA-RSP and the TDOA measurement isdone by the serving ABS and the neighbor ABSs. The ABS calculates the position. In the end, the ABS sends the position to the AMS by AAI_LBS_MEA-REP and indicates the next updatingtiming according to the position result. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS performs the position calculation and sends the position result to the AMS by AAI_LBS_MEA-REP.
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Figure 5. Message Flow of ABS-based TDOA/TOA method 
(initiated by AMS)
3.1.2 AMS-assisted D-TDOA/TOA method
The AMS-assisted D-TDOA/TOA method refers to the downlink measurement process for the precise location estimation,the ranging process for the coarse location estimation, and the position calculation is done by ABS. Figure 6 illustrates the AMS-assisted D-TDOA/TOA scheme initiated by the serving ABS. The TDOA state refers to the precise location estimation with D-TDOA measurement and the TOA-state refers to the coarse location update by the ranging process with the serving ABS. At the TDOA-state, the ABS indicates the required downlink measurement information by AAI_LBS_MEA_RSP. The ABS also decides the updating type as periodic updating and indicates the period according to the LBS purpose. The AMS starts the D-TDOA process as instructed by AAI_LBS_MEA_RSP and measures the time difference between the serving ABS and the neighbor ABS. The downlink measurement is sent back to the ABS for the position calculation by AAI_LBS_MEA-REP.In the end, the ABS calculates the position and set the updating period according to the position result. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS performs the position calculation.
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Figure 6. Message Flow of AMS-Assisted TDOA/TOA method 
(initiated by ABS) 

Figure 7 illustrates the AMS-assisted D-TDOA/TOA scheme initiated by the AMS. At the TDOA state, the ABS respondsto the AAI_LBS_MEA-REQ made by the AMS and indicates the required downlink measurement information with the AAI_LBS_MEA-RSP. The ABS also decides the updating type as periodic updating and indicates the period according to the LBS purpose. The AMS starts the D-TDOA process as instructed by the AAI_LBS_MEA-RSP and measures the time difference between the serving ABS and the neighbor ABS. The downlink measurement is sent back to the ABS by AAI_LBS_MEA-REP for the position calculation. In the end, the calculated position is sent to the AMS by AAI_LBS_MEA-REP and ABS will set the updating period according to the position result. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS performs the position calculation and sends the position result to the AMS by AAI_LBS_MEA-REP.
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Figure 7. Message Flow of AMS-Assisted TDOA/TOA method 
(initiated by AMS) 

3.1.3 AMS-basedD-TDOA/TOA method
The AMS-based D-TDOA/TOA method refers to the downlink measurement process for the precise location estimation,the ranging process for the coarse location estimation, and the AMS takes care of the position calculation. Figure 8 illustrates the AMS-based D-TDOA/TOA scheme initiated by the serving ABS. The TDOA state refers to the precise location estimation with D-TDOA measurement and the TOA-state refers to the coarse location update by the ranging process with the serving ABS. At the TDOA state, the ABS indicates the required downlink measurement information by AAI_LBS_MEA_RSP. The ABS also decides the updating type as periodic updating and indicates the period according to the LBS purpose with AAI_LBS_MEA_RSP. The AMS starts the D-TDOA process as instructed by AAI_LBS_MEA_RSP and measures the time difference between the serving ABS and the neighbor ABS. The AMS performs the position calculation and sends the calculated position back to the ABS by AAI_LBS_MEA-REP. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS sends the distance information to the AMS by AAI_LBS_MEA-REP. The AMS performs the position calculation and sends the position result to the ABS by AAI_LBS_MEA-REP.
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Figure 8. Message Flow of AMS-Based TDOA/TOA method 
(initiated by ABS, reported to ABS) 

Figure 9 illustrates the AMS-assisted TDOA/TOA scheme initiated by the AMS. At the TDOA state, the ABS responds the AAI_LBS_MEA-RSP to the AAI_LBS_MEA-REQ request made by the AMS and indicates the required downlink measurement information. The ABS also decides the updating type as periodic updating and indicates the period according to the LBS purpose by the AAI_LBS_MEA-RSP. The AMS starts the D-TDOA process as instructed by AAI_LBS_MEA_RSP and measures the time difference between the serving ABS and the neighbor ABS. The AMS performs the position calculation in the end. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS sends the distance information to the AMS by the AAI_LBS_MEA-REP. The AMS performs the position calculation in the end.
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Figure 9. Message Flow of AMS-Based TDOA/TOA method 
(initiated by AMS, reported to AMS) 

3.2 Hybrid GPS/Measurement-based Positioning Method
It is noted that the measurement process can be replaced by GPS providing that the AMS equips with a handset device. In this section, the GPS/measurement method, which refers to the precise location estimation performed by the GPS method and coarse location estimation performed by the measurement method, is introduced with the example of message flow. 
3.2.1 GPS/TOA method
Figure 10 illustrates the GPS/TOA scheme initiated by the serving ABS. The GPS/TOA method refers to the situation that the ABS desires to know the position of the AMS, and the AMS equips with a GPS. The GPS state refers to the precise location estimation by the handset of the AMS and the TOA-state refers to the coarse location update by the ranging process with the serving ABS. At the GPS state, the ABS initiates a GPS location update by AAI_LBS_MEA-RSP and the GPS provides the required position information. The AMS sends the calculated position back to the ABS by AAI_LBS_MEA-REP. At the TOA-state, the ranging process is performed and the distance from the AMS to the ABS is measured by the ABS. The ABS performs the position calculation at the time.
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Figure 10. Message Flow of GPS/TOA method 
(initiated by ABS, TOA state calculated by ABS) 

Proposed AWD Text Changes
------------------------------------------------------  TextStart  ---------------------------------------------------------------
X.Y.Z Location Based Services Overview

Location determination can be made by either:

· AMS managed location, in which the mobile measures, calculates and uses the location information withminimal interaction with the network

· Network managed location, in which the location is determined by the network and the network reports thelocation to requesting entities. The location process may be triggered by the network or the application onthe AMS.

X.Y.Z.1 Measurement-based Positioning Method
The AMS positioning is performed by using measurement methods, such as TDOA, TOA, AOA, and etc., whose relevant location-related parameters may include cell-ID, RSSI, CINR, RD, RTD, angle, and Spatial Channel Information. These parameters are exchanged between the AMS and its serving/attached or/and neighboring ABSs/ARSs. The measurements of these parameters are extracted by processing DL and/or UL signals at the AMS and ABSs, respectively. Two or more measurements can be utilized to provide higher accuracy estimate of the AMS position.

X.Y.Z.2 Message Formats for measurement-based Positioning Method
X.Y.Z.2.1 AAI_LBS_MEA-REQ
AAI_LBS_MEA-REQ is sent fromAMS to ABS. The AAI_LBS_MEA-REQ is utilized as the initiation of LBS or as the response to the LBS initiation by ABS. The necessary parameters are:
· LBS purpose: Idle mode switching LBS, location management, emergent call
· Measurement type: GPS, downlink measurement, or uplink measurement
· Calculation type: performing calculation on AMS or ABS
· Calculation capability: AMS’s calculation capability ON/OFF

· Measurement capability: AMS with/without GPS
X.Y.Z.2.2 LBS measurement response (AAI_LBS_MEA-RSP)
AAI_LBS_MEA-RSP is sentfromABS to AMS. The AAI_LBS_MEA-RSP is utilized as the initiation of LBS or as the response to the LBS initiation by AMS. The necessary parameters are: 
· LBS purpose: Idle mode switching LBS, location management, emergent call
· Measurement type: GPS, downlink measurement, or uplink measurement
· Calculation type: performing calculation on AMS or ABS
· Updating method: periodic and event-triggered
· Updating timer ( if periodic updating method is applied) 
· Measurement-based timer (set up the timer for either the downlink or uplink measurement)
· Periodic Ranging timer (set up the timer for the periodic ranging)
· Trigger condition (if event-triggered method is applied)
· Admission code: permits the LBS requests by AMS or reject the requests
Since the distance information obtained from periodic ranging is compared with the distance threshold for the trigger condition, the period of the periodic ranging can be modified for the LBS negotiation. During the LBS reporting phase, AMS or ABS reports the measured data for the peer to calculate the positioning information (e.g., AMS-assisted D-TDOA/TOA method), or simply reports the positioning information. AAI_LBS_MEA-REP is defined accordingly.
X.Y.Z.2.3 LBS report (AAI_LBS_MEA-REP)
The AAI_LBS_MEA-REP is sentby AMS or ABS, and it is utilized to report the assistance data (measurement) for calculation or to report the calculated position result, depending on the measurement method. The necessary parameters for AAI_LBS_MEA-REP are:
· Assistance Data: TOA, TDOA, AOA … etc.
· AMS Position: Absolute coordinate reporting or reference coordinate reporting
------------------------------------------------------  Text End  ---------------------------------------------------------------
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