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Abstract of the contribution: This contribution evaluates the energy consumption for two different realizations of the TA mulitlateration positioning method, the NW assisted and MS autonomous methods respectively.
___________________________________________________________________________
[bookmark: _GoBack]Introduction
At RAN#72 a Work item on “Positioning Enhancements for GERAN” was approved [1]. Part of the WI scope is until RAN#73 to “study the performance of proposed positioning enhancements, including:
· evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement.
· procedures and signalling for the proposed positioning enhancements
· evaluate suitability of the proposed positioning enhancements for EC-GSM-IoT, including¨ impacts on MS complexity and power consumption”
This document focuses on the third bullet above and in particular on the energy consumption, wherein two alternatives of the mentioned TA multilateration method are compared, the Network assisted and MS autonomous method, see ref [3].
1. Assumptions
First of all, for the sake of simplicity the comparison is performed assuming an EC-GSM-IoT device in Coverage Class 1 (CC1).  Moreover, in order to evaluate the energy consumption also the layer 2 signaling needs to be included, see Figure 1 and Figure 2 in the Annex
Furthermore, 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 [2]. 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 that 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 (i.e 9*2+1) additional bursts 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*0.3249 msec=1..32 mJ, 
· send one UL block is calculated as 4 *3.3*1.23*0.546=8.86 mJ 
· 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
Moreover, as the methods  involves measurement reports from the MS to the network some assumptions for the number of radio blocks needed to send a report are needed. In the network assisted method the report needs to contain a Cell ID and signal strength and in the MS autonomous report the report needs to contain Cell ID + Timing advance value.  With a Cell ID of 16 bits and 8 bits for either the signal strength or timing advance value a total of 3 bytes is needed for every cell reported – it should be mentioned that the size could be reduced if the MS instead uses an index pointing to the BA list. Furthermore, to work out the number of radio blocks needed to send a report from the MS to the SMLC the RLC/MAC, LLC and RRLP protocols overheads also needs to be taken into account. With this in mind and the fact that an MCS-1 radio block can carry 22 bytes of payload the following relation between the number of reported cells and the number of radio blocks is derived:
	1-2 cells: 1 radio block
	3-9 cells: 2 radio blocks
	10-15 cells: 3 radio blocks.
Results and discussion
In table 1, the calculations for the different approaches as well as the legacy cell ID+Timing Advance method are summarized and compared assuming for the two different versions of the multilateration method, wherein:
· Alternative 1 (network assisted method) involves sync and measurement on X cells, sync and measurement on Y cells and establishment of Timing Advance values for Y cells. 
· Alternative 2 (MS autonomous method) involves sync and measurement on X cells and establishment of Timing Advance values for Y cells. 
First of all it can be seen that the legacy Cell ID+ Timing Advance method is the most energy efficient method with a total energy consumed of around 10 mJ per positioning event.  It can moreover be seen that the MS autonomous method is more energy efficient than the NW assisted method – the main contribution for this additional energy consumption can be understood from the simple fact that the latter method contains an additional downlink transmission of the Reselection list to the MS. 
Table 1 Comparison of energy to perform positioning with  Cell ID+ TA and  multilateration using proposed Network assisted and MS Autonomous methods
	Cell ID+TA
	NW assisted Selection
	MS autonomous selection

	Message
	Energy (mJ)
	Message/
procedure
	Energy (mJ)
	Message/
procedure
	Energy (mJ)

	Page (DL)
	0.11
	Page (DL)
	0.11
	Page (DL)
	0.11

	RACH (UL)
	1.32
	RACH (UL)
	1.32
	RACH (UL)
	1.32

	FUA (DL)
	0.11
	FUA (DL)
	0.11
	FUA (DL)
	0.11

	Page response  (UL)
	8.86
	Page response  (UL)
	8.86
	Page response  (UL)
	8.86

	
	
	PUAN (DL)
	0.23
	PUAN (DL)
	0.23

	
	
	Measurem. Req.  (DL)
	0.23
	Measurem. Req.  (DL)
	0.23

	
	
	PDAN (UL)
	8.86
	PDAN (UL)
	8.86

	
	
	Sync+Measure on  X Neighbors+ reconfirm serving cell
	3.54*X+2.47
	Sync+Measure on X Neighbors
	3.54*X

	
	
	RACH (UL)
	1.32
	Sync to Y cells
	Y*2.47

	
	
	Fixed UL assign. (DL)
	0.11
	YxRACH
	Y*1.32

	
	
	Meas. Rep. (UL)
	17,72 3<X<9  26.58 10<X<15
	YxFUA
	Y*0.11

	
	
	PUAN (DL)
	0.23
	YxControl Message UL (TLLI)
	Y*8.86

	
	
	Packet DL. Assign.
	0.23
	Y*PUAN (DL)
	Y*0.11

	
	
	Reselection list (DL)
	0.23
	Reconfirm serving cell
	2.47

	
	
	PDAN (UL)
	8.86
	RACH (UL)
	1.32

	
	
	Sync to Y cells
	Y*2.47
	Fixed UL assign. (DL)
	0.11

	
	
	YxRACH
	Y*1.32
	Meas. Rep. (UL)
	17,72 3<Y<9  26.58 10<Y<15

	
	
	YxFUA
	Y*0.11
	PUAN (DL)
	0.23

	
	
	YxControl Message UL (TLLI)
	Y*8.86
	
	

	
	
	Y*PUAN (DL)
	Y*0.11
	
	

	Total
	10.4
	
	61.18+3.54*X+Y*12.9 (3≤X≤9 )
or
70.04+3.54*X+Y*12.9 (10≤X≤15 )



	
	41.6+3.54*X+12.9*Y (3≤Y≤9 )
or
50.4+3.54*X+12.9*Y (10≤Y≤15 )
	



[bookmark: _Ref459106828]Table 2 Energy consumption for various assumptions of number of measured cells X and Y cells used for Timing Advance establishment versus type of Multilateration method.
	
	Number of cells used for TA establishment

	
	Number of measured cells
	10
	5
	3

	NW assisted Method
	10
	234.8
	160.1
	134.3

	
	5
	NA
	142.4
	116.6

	
	3
	NA
	NA
	109.5

	MS autonomous Method
	10
	214.8
	141.5
	115.7

	
	5
	NA
	123.8
	98

	
	3
	NA
	NA
	90.9


 
Table 2 summarizes the energy consumption for various assumptions for X sync+measured cells and Y sync+timing advance establishment cells versus type of Multilateration method.  It can be seen that the energy to measure on 10 cells and use 5 cells for TA establishment is around 160 and 140 mJ, respectively, for the two different methods.  It can further more be seen that when reducing the number of cells used to 5 and 3 respectively, that the energy consumption decreases with around 30 % to 117 and 98 mJ, respectively.  
At closer inspection of table 1 and 2 it can be seen, in the procedure to establish the timing advance value (repeated Y times), that the step where the MS sends un uplink control message with TLLI significantly adds to the overall total energy consumption, e.g., for the MS autonomous method when 10 cells are measured and 5 cells are used for timing advance establishment this step consumes a total of 44.3 (5*8,86) out of the 142 mJ.  In other words, it would be advantageous if this step could be eliminated through the use of simplified Timing Advance establishment method wherein the MS transmits the initial RACH access message using a unique identifier such that the timing advance values in different cells can be linked to this identifier.  
Overall, the energy to perform the multilateration methods is seen as acceptable (even if higher than the Cell ID + Timing advance method) since as shown in an accompanying paper to this meeting that the positioning accuracy is higher [4] than for the Cell ID + Timing Advance method. Moreover, in a previous contribution it was shown that the energy is on the same order as a device periodically sending a 200 byte mobile autonomous report [5].  In other words, if the number of positioning events reaches the same order of magnitude as the number of periodic reports sent by an EC-GSM device over any given time interval, the multilateration method is expected to be able to reach 10 year battery life time at most evaluation points.
Finally, given that the MS autonomous method always is more energy efficient than the NW assisted method while at the same time being less accurate [4] it is recommended to consider both alternatives for further studies and specification work.
Summary
In summary, it has been shown that from an energy efficiency point of view that the MS autonomous method is always better than the NW assisted method for Multilateration. It has also been shown that the energy to perform a positioning with the proposed methods is on acceptable levels.  Both methods are recommended for further studies and specification work. 
It has also been shown that procedure to collect the Timing Advance values would benefit from additional optimizations to decrease the energy consumption. 
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Annex
Message flow for Network assisted method
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[bookmark: _Ref459115805]Figure 1, Message flow for NW assisted method.




Message flow for MS autonomous method
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[bookmark: _Ref459115818]Figure 2, Messge flow for MS autnonmous method.
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