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1. Introduction
Based on description of SRD requirements related on LBS in 80216m-07_002r8, IEEE 802.16m systems (this may include MS, BS, or both depending on the solution) should provide support for LBS. IEEE 802.16m systems should satisfy the E911 Phased II requirements in Table 1[1].
Table 1–Location-based service requirements
	Feature
	Requirement
	Comments

	Location determination latency
	< 30 s
	

	Handset-based position accuracy (in meters)
	50 meter (67%-tile of the CDF 

of the position accuracy)                

150 meter (95%-tile of the CDF 

of the position accuracy)
	Need to meet E911 Phase II Requirements

	Network-based position accuracy (in meters)
	100 meter (67%-tile of the CDF 

of the position accuracy)                

300 meter (95%-tile of the CDF 

of the position accuracy)
	


Based on above-mentioned LBS requirement of SRD, LBS positioning method (such as TDOA, TOA) based on non-GPS method should be satisfied with Network-based position accuracy i.e. “100 meter (67%-tile of the CDF of the position accuracy); 300 meter (95%-tile of the CDF of the position accuracy)”. 
In addition, based on LBS section of SDD in 80216m-08_0034, the detailed descriptions on positioning methods are as follows: “
12.2.2 Non-GPS-Based Method
a) Location Measurements in Downlink
In DL, the AMS receives signals which are existing signals (e.g. preamble sequence) or new signals designed specifically for the LBS measurements, if it is needed to meet the requirement from the serving/attached ABS and multiple neighboring ABSs/ARSs. The ABSs/ARSs are able to coordinate transmission of their sequences using different time slots or different OFDM sub-carriers.
12.2.3 Hybrid Methods
For the combination methods, measurement-based scheme, such as TDOA and TOA, can be consolidated to estimate AMS’s position. The measurement can be executed by the different trigger modes, such as pre-request, periodic, and event-trigger, to meet the requirements of different LBS applications.”
Based on positioning methods descriptions of LBS section in SDD, Time difference of Arrival (TDOA) among non-GPS method is a basic method in 802.16m. So we need evaluate if TDOA positioning method is satisfied with above-mentioned LBS positioning requirements in SRD [1]. 
We simulate on DL-TDOA positioning method in 3cells. A simulation scenario is shown in Figure 1. Simulation result is shown in Figure 2(a) and Figure 2(b). Simulation result in figure 2 (a) shows that positioning errors >300m are expressed in red color and positioning errors <300m are expressed in blue color. Many positioning errors focus on cell central area. This is known hearability issue. Simulation result in figure 2 (b) shows that CDF curve of DL-TDOA method in 300m is 89.07% and isn’t satisfied with E911 requirement (300m: 95%).  
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Figure 1 simulation scenario for 3 cells
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Figure 2 (a) CDF simulation graphic result of TDOA method
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Figure 2 (b) CDF simulation results
In order to be satisfied with E911 requirement (100m 67%, 300 95%), we propose new positioning method on switching between DL-TDOA and TOA (RTD method). The main idea of new proposed method is that based on difference value △d between estimated distance by TDOA and estimated distance by TOA(RTD method), ABS can compare difference with threshold value: 

If (difference value △d ≤ threshold value η)

ABS (location server) accepts estimated distance by TDOA; 

else (difference value △d ＞ threshold value η)
  ABS (location server) accepts estimated distance by TOA (RTD method) and Horizontal angleθbetween ABS and AMS calculated based on TDOA method is still effective. ABS (location server) calculated coordinate of AMS based on estimated distance by TOA and angle θ.
Positioning method on Switching between DL-TDOA and TOA is shown in Figure 3. Detailed algorithm description is as follows:
TDOA is a location determination scheme that measures the difference of time arrival for packet transmission between a MS and multiple BSs. There are two types of TDOA - Downlink TDOA (D-TDOA) and Uplink TDOA (U-TDOA).This contribution mainly focuses on DL-TDOA method. As shown on Figure 3, distance difference R21 between the serving BS and the neighbor BS1 equal to R2-R1 (R1: the distance between the serving ABS and AMS; R2: the distance between the neighbor ABS1 and AMS). AMS locates real hyperbola with constant distance difference R21 between the serving ABS and neighbor ABS1, which focuses on the serving ABS and neighbor ABS1. In addition, distance difference R31 between the serving BS and the neighbor BS2 equal to R3-R1 (R1: the distance between the serving ABS and AMS; R3: the distance between the neighbor ABS2 and AMS). AMS locates real hyperbola with constant distance difference R31 between the serving ABS and neighbor ABS2, which focuses on the serving ABS and neighbor ABS1. So the point of intersection between these two hyperbolas is the location of AMS.
Set coordinate of AMS as (x0,y0) and coordinate of ABS as (xi,yi) (i=1,2,3…), hyperbolas equation group is expressed as
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Then, R21 and R31 can be gotten by time difference of transmitted signals from two base stations to AMS or from AMS to two base stations, obviously R21=c×t21and R31=c×t31, among c is speed of light.

For solving above-mentioned hyperbolas equation group can be processed by linearization. Set distance Ri between AMS and ithABS, so hyperbolas equation is modified as
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then，      
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for，       
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equation (2) is expanded as   
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Based on equation (2), we can get
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By equation (5)-(6), we can get     
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When the effective number of ABSs is 3, equation can be expressed as
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By substituting equation (8) into equation (6), we can get quadratic equation on R1, and then solved R1 can be substituted into equation (8).
After estimated coordinate of AMS by TDOA is gotten, we estimate distance RToA between ABS and AMS by TOA method (RTD round trip delay)

Then compared RTOA with RTDOA=
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Set threshold value as η, and distance difference △R is expressed as:
           △R=| RTOA- RTDOA|                                            (9)
Compared △R with threshold value η,

If △R＞η,

        We use estimated value (x0, y0) by TDOA as location coordinate of AMS

Else △R≥η

        Set estimated coordinate of AMS by TOA as (x′,y′), (x′,y′) is expressed as

     x′=RTOA*sin(arctan((x0-x1)/(y0-y1)))                                    (10)
y′= RTOA*cos(arctan((x0-x1)/(y0-y1)))                                      (11)

The detailed simulation parameter is shown in table 2. Simulation results in 3 cells of switching method between TDOA and TOA are shown in figure 4 and figure 5. As figure 4 and figure 5 show, performance of switching method is better than that of traditional DL-TDOA method and is satisfied with E911 requirement in 3 cells scenario. Scenario for 7 cells is shown in Figure 6. Simulation results in 7 cells of switching method between TDOA and TOA are shown in figure 7 and figure 8. As figure 7 and figure 8 show, performance of switching method is better than that of traditional DL-TDOA method and is satisfied with E911 requirement in 7 cells scenario.
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Figure 3 Positioning method on Switching between DL-TDOA and TOA
	Scenario/Parameters
	Baseline

	Site to Site Distance
	1.5Km

	Carrier
	2.5GHz

	Operating Bandwidth
	10MHz

	BS & MS Height
	32m&1.5m

	BS &MS Power
	46dBm&23dBm

	Pass Loss Model
	Loss(dB)=130.19+37.6log10( R )

	Lognormal Shadowing Std.Dev
	8dB

	Channel Mix
	ITU-VA 120Km/h

	BS&MS Antenna Gain
	17dBi&0dBi

	BS&MS Cable Loss
	2dB

	Noise Figure
	5dB


Table 2 simulation parameter
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Figure 4 CDF simulation graphic result of switching between TDOA and TOA method
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Figure 5 CDF simulation result of switching between TDOA and TOA method
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Figure 6 scenario for 7 cells
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Figure 7 CDF simulation graphic result of switching between TDOA and TOA method in 7 cells
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Figure 8 CDF simulation result of switching between TDOA and TOA method in 7 cells
2. The Proposed Text in AWD
-------------------------------  Text Start  ---------------------------------------------------
15.3.x.x Location Determination methods for LBS
  Switching between TDOA and TOA method is a location determination scheme that measures the difference of time arrival for packet transmission between a MS and multiple BSs (TDOA method) and measures time of arrival for packet transmission (TOA method), and then compares distance difference between estimated location by TDOA and estimated location by TOA with threshold value, finally based on result of comparison, choose TDOA method or TOA method. 
Rule of switching method is as follows: 

If (difference value △d ≤ threshold value η)

ABS accepts estimated distance by TDOA; 

else (difference value △d ＞ threshold value η)

  ABS accepts estimated distance by TOA and Horizontal angle θ between ABS and AMS is calculated based on TDOA method. ABS calculates coordinate of AMS based on estimated distance by TOA and angle θ. Set coordinate of AMS for (x’,y’), estimated distance by TOA for d’, coordinate of AMS (x’,y’) can be expressed as:

[image: image19.wmf])

sin(

'

'

q

´

=

d

x

                                      (x.1)

[image: image20.wmf])

cos(

'

'

q

´

=

d

y

                                 (x.2)

[image: image21.png]Neighbor BS,

S e
o

Sering BS. Neighbor BS,

R ¢ Error threshold or Error radius
47 : TOA or RTD estimating distance
/ 4+ TDOA esimaing distance
. Rul
- 40" [<R) reserve TDOA estmated valuo)
- Flse( choosing TOA(RTD) estimated value)





Figure xx Positioning method on Switching between DL-TDOA and TOA

15.3.x.x for connect state
AAI_LBS-REQ
An AAI_LBS-REQ message shall be transmitted by the ABS. An ABS may transmit AAI_LBS-REQ to start AMS LBS measurement response with or without measurement allocation. The message shall be transmitted on the Basic STID+FID.
	syntax
	size
	notes

	LBS_method_type
	TBD
	Switching between DL-TDOA and TOA

	Report metric
	TBD
	Bitmap indicating metrics on which the corresponding triggers are based:

BS RSSI mean

Relative delay

BS RTD; this metric shall be only measured on serving ABS/anchor ABS.

	BS type
	 TBD
	Macro cell; Micro cell; Femto cell; Relay station

	Signal_type
	TBD
	Preamble
Ranging, 


	Rendezvous_time
	TBD
	-

	CDMA_code
	TBD
	Ranging code

	Transmission_opportunity_offset
	TBD
	-

	Preamble Index
	TBD
	 (Macro or Micro or relay or femtocell) preamble.


AAI_LBS-RSP
When the response mode is event triggered in the most recently received AAI_LBS-REQ, the MS shall transmit an AAI_LBS-RSP message to report the LBS measurement results to its serving ABS after each measurement period if the trigger condition is met.
	syntax
	size
	notes

	Report metric
	TBD
	Bitmap indicating metrics on which the corresponding triggers are based:

BS RSSI mean

Relative delay

BS RTD; this metric shall be only measured on serving ABS/anchor ABS.

	ABS RSSI mean
	TBD
	-

	Relative delay
	TBD
	-

	BS RTD
	TBD
	


 [Replace section 15.3.12.2.1 on Table 729 of page 208 in 802.16m/D1 as follows:]
	Name
	Value
	Usage

	Paging_Group_IDs bitmap
	Each bit in the bitmap indicates:
0: the paging information for the corresponding PGID is not included
1: the paging information for the corresponding PGID is included
	The size of Paging_Group_IDs bitmap equals to the number of paging group IDs in the PGID info message.

	Num_AMSs
	Number of paged AMSs in a particular paging group
	For each non-zero bit in the Paging_Group_IDs bitmap, there shall be one Num_AMSs.

	Temporary Identifier
	0~1023
	Temporary Identifier and Paging Cycle are used to identify each paged AMS.

	Paging Cycle
	0b0000~0b1111
	Temporary Identifier and Paging Cycle are used to identify each paged AMS.

	Action Code
	0b00 = Perform network re-entry
0b01 = Perform ranging to establish location
0b10 = Perform LBS measurement
0b11 = Reserved
	Paging action instruction to each paged AMS.

	If (Action Code==0b10){
	—
	—

	Positioning_method_type
	Switching between TDOA and TOA
	Indicating LBS measurement method to each paged AMS in Paging action to Perform LBS measurement

	Extension Flag
	0 = There is no remaining part of this paging message
1 = The remaining part of this paging message will be transmitted in the subsequent frame or sub-frame
	If the ABS cannot transmit the entire paging message in a pre​determined region, the Exten​sion Flag will be set to 1. Then the remaining part of the paging message is transmitted in the earliest subsequent frame or sub-frame.


-------------------------------  Text End  ---------------------------------------------------
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