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Positioning enhancements for GERAN – introducing Timing Advance trilateration
[bookmark: _Ref206493657]Introduction
At GERAN#67 a new work item on Extended Coverage GSM was approved. The final version of the Cellular IoT Technical Report evaluating the Extended Coverage GSM (EC-GSM-IoT) candidate technique and motivating the work item can be found in [1].
Currently, for EC-GSM-IoT, when it comes to positioning only the Cell ID + timing advance method will be supported within Rel-13. This method has an inherent accuracy of around 550 m along an arc within a given cell. 
Device positioning and tracking is important in many IoT applications such as asset tracking. GPS based positioning method is not appropriate for many IoT applications due to additional costs as well as poor or no indoor coverage. Additionally the limited deployment of E-OTD and U-TDOA in GERAN networks implies that these methods are unsuitable for improving the positioning accuracy for EC-GSM-IoT devices. Moreover, these methods require deployment of dedicated hardware in order to be supported.  
This paper provides a high level description of a potential new positioning method called timing advance (TA) trilateration which in turn builds on the already existing timing advance estimation method as defined in 3GPP TS 43.059.  The TA trilateration method can thus be deployed in GERAN based networks as a software upgrade without any hardware impacts. 
It is furthermore proposed to include this positioning method as an enhancement to EC-GSM-IoT as a new Work Item in Rel-14. 
As an addition, given that the use of E-OTD and U-TDOA is quite uncommon it is proposed that the TA trilateration method is also standardized for legacy (E)GPRS operation within Rel-14. 
Timing Advance trilateration
The basic idea to improve the positioning accuracy is based on extending the current Cell ID + timing advance method by performing a trilateration based on timing advance values. For this to work the timing advance value from at least, for sectorized cell deployments and favorable geometry two and general case three neighboring base stations are needed, see Figure 1 and  Figure 2 below.    
On a high level the following steps could be seen as needed (steps impacted by the TA trilateration method are indicated with red text):

1. SGSN sends Perform Location Request to the BSS (48.018)
2. The BSS sends the BSSAP-LE Perform Location Request message to request the SMLC to start the positioning procedure (48.071).
3. The SMLC sends a BSSMAP-LE Connection Oriented Information message (TA trilateration request) to the BSC serving a particular target MS.
4. The BSS triggers the MS to send Neighbor cell measurement report (via page or PACCH message). 
5. MS sends measurement report to the BSS
6. The BSS sends Candidate BTS list derived from measurement report to SMLC node for determination of best base stations for trilateration. 
7. The SMLC node returns Selected BTS list to BSS that contains a list of cells for which TA values are to be obtained.
8. The BSS sends BTS Cell reselection list to the MS  which triggers MS to reselect to listed base stations and request a single block allocation for a control message containing TLLI such that the device and hence the associated TA value can be linked. This provides the BSS with TA values for the listed base station, TA1, TA2, TA3 to TAn. 
9. The BSS collects the TA values internally and sends an BSSMAP-LE Connection Oriented Information message (TA trilateration response) to the SMLC node.  
10. The SMLC nodes performs the trilateration based on received TA values and returns a BSSAP-LE Perform Location Response message to the BSC containing location estimate. 
Alternatively,  step 5 through 8 could be modified/omitted if the MS after the trigger in step 4  autonomously connects/reselects to the best cells.  This has however some drawback in that the selected base stations may not be ideal from a positioning accuracy point of view. 
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[bookmark: _Ref450114862]Figure 1 Illustration of timing advance trilateration method
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[bookmark: _Ref450687508]Figure 2  Schematic illustration of TA trilateration positioning procedure.
Tightening the BTS and MS requirements
It should further be noted that even better accuracy can be achieved with finer TA estimation granularity in the BTS along with tighter MS requirements when it comes to the MS assessing the BTS timing.  This is elaborated in more detail below.  
First of all, currently when assigning timing advance values to the MS for the purpose of communication with the BTS it is done in units of 1 symbol, see e.g. 3GPP TS 44.018 and 3GPP TS 44.060. From this point of view there is in other words no need for the BTS to estimate the timing advance value with accuracy greater than 1 symbol. However, for the purpose of estimating the position the greater the timing advance accuracy the greater the positioning accuracy. Higher timing advance estimation may for example be achieved by oversampling of the received signal.   
Secondly, when it comes to the requirements on the MS in assessing the BTS timing the following is stated in 3GPP TS 45.010 “In determining the timing of signals from the BTS, the timings shall be assessed in such a way that the timing assessment error is less than ½ normal symbol periods”. In other words, even if the BTS estimation of timing advance value can be improved, the accuracy will not exceed ½ symbol or 275 meters unless the MS requirement related to estimating the BTS timing also is tightened. 
In summary,  given that improving the BTS timing advance estimation as well as the MS requirement on BTS timing estimation will  improve the accuracy of the proposed method it is proposed to further study what the limitations are with the requirement to avoid  significant impacts to both the BTS and MS hardware. 
Impacts to battery life time
EC-GSM-IoT has been specified with a target of 10 years battery life time and it has been shown that this target can be met at most evaluation points [3].   In order to estimate the impacts of performing a positioning on the battery life time a comparison is performed between the energy it takes to send a mobile originated report of 200 bytes, the energy it takes to perform a positioning request according the new method as well as U-TDOA. For the sake of simplicity the comparison is performed assuming a device in Coverage Class 1.  The message flows for each procedure can be found in Figure 2 and in the Annex. 
Evaluations are done assuming an operating voltage of 3.3 V, an operating current of 1.23 A and 0.03 A at transmission and reception, respectively [1]. Contributions from light and deep sleep have been ignored (knowing that this contributes only marginally to the overall consumption during a limited procedure that the main purpose here is to get a rough comparison among different procedures). 
The average number of received bursts for a CC1 device to synchronize to a cell is 43 (see ref [1] sub-clause 6.2.6.6.2) which is equivalent to 25 ms on-time (43*0.577=24.8 ms).  The measurement then requires 10 samples to estimate the received signal level (see 3GPP TS 45.008). It is assumed a correlator based estimator is used on the EC-SCH which requires two identical signals to be received.  Considering that 1 EC-SCH is already received in the 43 bursts, 19 (9*2+1) additional burst need to be read. 	The total receiver on-time for both the sync and measurement then becomes (43+19)*0.577 = 35.8 ms. 
The energy to:
· send a RACH burst is calculated as 3.3*1.23A*0.577 msec=2.34 mJ, 
· send one UL block is calculated as 4 *3.3*1.23*0.577=9.37mJ 
· receive one data DL block is calculated as 4*3.3*0.03 A*0.577=0.23 mJ.
· receive one EC- AGCH/EC-PCH block is calculated as 2*3.3*0.03 A*0.577=0.11 mJ
· Sync to one neighbor cell is calculated as 3.3*0.03*25=2.47 mJ
· sync and measure one neighbor cell is calculated as 3.3*0.03*35.8 ms=3.54 mJ

In table 1, the calculations for the different procedures are summarized and compared. It can be seen that the energy to perform a positioning with the TA trilateration procedure is on the same order as sending a 200 byte mobile autonomous report or roughly 100 mJ. For the U-TDOA procedure the energy to perform a location varies between 50 to 204 mJ all depending on how many times the Packet Polling procedure needs to be repeated (4 to 20 times)  to achieve the targeted accuracy [9].   Moreover, given that the energy to send a 200 byte report and the energy to perform one positioning with the new proposed method are roughly on the same order one can draw the conclusion that the positioning itself will not set the battery lifetime limit but rather that the combination of number of reports and position events will have to be considered.
Table 1 Comparison of energy to send 200 byte report, and perform positioning with TA trilateration and U-TDOA
	Send 200 byte report
	TA trilateration
	U-TDOA

	Message
	Energy
	Message
	Energy
	Message
	Energy

	RACH (UL)
	2.34
	Page (DL)
	0.11
	Page (DL)
	0.11

	Fixed UL assign. (DL)
	0.11
	RACH (UL)
	2.34
	RACH(UL)
	2.34

	 10 UL blocks (Report UL)
	93.7
	FUA (DL)
	0.11
	FUA (DL)
	0.11

	PUAN (DL)
	0.23
	Page response  (UL)
	9.37
	Page response  (UL)
	9.37

	Packet DL. Assign.
	0.23
	PUAN (DL)
	0.23
	PUAN (DL)
	0.23

	4 DL Block (DL Ack)
	0.92
	Measurem. Req.  (DL)
	0.23
	Packet DL Assign. (DL)
	0.23

	PDAN (UL)
	9.37
	Measure on 5 Neighbors+ reconfirm serving cell
	21.2
	4-20xPacket Poll (DL)
	0.92-4.6

	
	
	RACH (UL)
	2.34
	4-20xPacket Control Ack. (UL)
	37.5-187.4

	
	
	Fixed UL assign. (DL)
	0.11
	
	

	
	
	Meas. Rep. (UL)
	9.37
	
	

	
	
	PUAN (DL)
	0.23
	
	

	
	
	Packet DL. Assign.
	0.23
	
	

	
	
	Candidate list (DL)
	0.23
	
	

	
	
	PDAN (UL)
	9.37
	
	

	
	
	Sync to 3 cells
	7.42
	
	

	
	
	3xRACH
	7.02
	
	

	
	
	3xFUA
	0.33
	
	

	
	
	3xControl Message UL (TLLI)
	28.1
	
	

	Total
	107 mJ
	
	98 mJ
	
	51-204  mJ



Comparison 
It is the view of the sourcing company that U-TDOA and E-OTD are unsuitable for improving the positioning accuracy for EC-GSM-IoT devices mainly due the need of dedicated hardware (LMUs) and in case of U-TDOA the need to have synchronized networks (GPS).   It should further be mentioned that it is not clear that these methods also can be extended to support + 20 dB extended coverage.  Table 2 summarizes various aspects related to the three methods. 
Table 2, Comparison among TA trilateration, U-TDOA and E-OTD.
	
	TA trilateration
	U-TDOA
	E-OTD

	Dedicated hardware
	No
	Yes
	Yes

	Synchronized Network
	No
	Yes
	No

	Supports +20 dB
	Yes
	?
	?

	MS impact
	Yes
	No
	Yes



Standardization impact
To introduce the TA trilateration method along with a tightening MS requirements into the specifications the following updates are needed:

· 43.059 Addition of new positioning method
· 48.071  Introduction of two new messages, TA trilateration request and response messages
· 49.031 Addition of TA trilateration method
· 44.018 Messages and procedure to trigger MS measurements for MS in idle mode
· 44.060 Messages and procedure to trigger MS measurements for MS in connected mode. Messages and procedures to support the TA trilateration method (Measurement Report, BTS candidate list etc)
· 45.010 Tightening of the MS Assessment of BTS timing.
· 24.008 capability bit for MS support of TA trilateration method
Proposal
Based on the analysis provided in this discussion paper it is proposed to start a new work item at RAN#72 [2] with purpose to introduce Timing Advance trilateration as new positioning method for both EC-GSM-IoT and GPRS/EGPRS with Rel-14.  
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Annex
Message flow Mobile autonomous report
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Figure 3 Message and data flow for mobile autonomous report
Message flow for U-TDOA positioning  (MS in idle state)
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Figure 4 Message flow for U-TDOA procedure
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